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DESCRIPTION
METHODS, SYSTEMS, AND COMPUTER PROGRAM PRODUCTS FOR
FULL SPECTRUM PROJECTION

RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent Application
Serial No. 60/588,656, filed July 16, 2004; the disclosure of which is

incorporated herein by reference in its entirety.

TECHNICAL FIELD
The subject matter described herein relates to methods, systems, and
computer program products for displaying colorimages. More particularly, the
subject matter described herein relates to methods, systems, and computer

program products for displaying color images using a full spectrum projector.

BACKGROUND ART

In some color display systems, light from a white light source is
separated into red, green, and blue. To achieve a desired color, red, green,
and blue are projected at different times in the same location during a frame
display time. The human eye perceives the desired color that is a mixture of
the red, green and blue. The intensities of red, green, and blue can be adjusted
to produce different colors.

Figure 1 is an optical schematic diagram of a conventional color display
system. Referring to Figure 1, a lamp 100 projects white light through
collimating optics 102 to a color wheel 104. Color wheel 104 typically includes
separate sectors of red, green, and blue. Color wheel 104 may also include a
white light sector. Light exiting color wheel 104 passes through beam shaping
optics 106 and impacts a digital micromirror device (DMD) 108. DMD 108
includes individually controllable mirrors that reflect beams of red, green, and
blue light through a projection lens 110 and onto a display surface 112.

Figure 2 is a flow chart illustrating exemplary steps for displaying color
images using a conventional display device, such as that illustrated in Figure 1.

Referring to Figure 2, in step 200, projector hardware grabs a frame and selects
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é pixel to be displayed. In step 202, the hardware determines a desired pixel
color. In step 204, the projector hardware selects intensities of red, green, and
blue to achieve the desired pixel color. For example, if it is desired to display a
dark green pixel, the intensity of red may be low, the intensity of green may be
high, and the intensity of blue may also be high. In step 206, the projector
displays red, green, and blue during a frame display time for a pixel to achieve
the desired color. Displaying red, green, and blue with the selected intensities
will cause the viewer to perceive the pixel as being dark green.

One problem with existing color projectors is that such devices utilize
only 55% of the available color space. Using only red, green, and blue
prevents the generation of many colors, such as those outside of the color
triangle. In addition, true Pantone colors cannot be produced using only red,
green, and blue.

Another problem with existing red, green, and blue projectors is that they
are incapable of reproducing individual wavelengths or frequencies. For
example, the red, green, and blue filters used by conventional projectors have
wideband color bandwidths of approximately 100 or greater nanometers. For
example, a green filter in a conventional color wheel may pass light in the green
wavelength ranging from about 450 nanometers to 600 nanometers. Such
devices are incapable of producing colors that contain only discrete,
narrowband wavelengths or frequencies.

Accordingly, in light of these difficulties associated with conventional
color projectors, there exists a need for improved methods, systems, and

computer program products for full spectrum projection.

DISCLOSURE OF THE INVENTION

According to one aspect, the subject matter described herein includes a
method for full spectrum projection. The method includes projecting
electromagnetic waves from a broadband electromagnetic wave source. The
broadband electromagnetic waves are separated into narrowband-wavelength,
spatially separate beams. The term “narrowband-wavelength,” as used herein,
refers to a bandwidth of no more than about 25 nanometers. The narrowband-
wavelength beams are directed across a predetermined area. A narrowband-
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wavelength beam corresponding to a desired pixel wavelength is selected and
displayed on a display surface.

According to another aspect, the subject matter described herein
includes a system for full spectrum projection. The system includes a
broadband electromagnetic wave source for projecting broadband
electromagnetic waves. A separator separates the broadband electromagnetic
waves into narrowband-wavelength beams. A beam director directs the
narrowband-wavelength beams across a predetermined area. A beam selector
selects an individual beam corresponding to a desired pixel color and directs
the narrowband-wavelength beam to a display surface.

According to yet another aspect, the subject matter described herein
includes a method for imperceptibly embedding structured light in a projected
image using a full spectrum projector. The method includes determining a
single or multiple narrowband colors to be displayed for a pixel in a color image.
A value of a structured light pattern to be encoded for the pixel position is
determined. A full spectrum projector is used to encode the desired value at
the pixel position. The encoded value is detected using a wavelength selective
detector.

The methods described herein for implementing full spectrum projection
can be implemented using a computer program product comprising computer
executable instructions embodied in a computer readable medium. Exemplary
computer readable media suitable for implementing the subject matter
described herein can include chip memory devices, disk memory devices,
application specific integrated circuits, programmable logic devices, and
downloadable electrical signals. In addition, a computer program product used
for implementing the subject matter described herein can be located on a single
device or computing platform or may be distributed across multiple devices or

computing platforms.

BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the subject matter described herein will now
be explained with reference to the accompanying drawings of which:
Figure 1 is an optical schematic diagram of a conventional color

projector;
-3-
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Figure 2 is a flow chart illustrating exemplary steps performed by a
conventional color projector in projecting color images;

Figure 3 is an optical schematic diagram of a system for full spectrum
projection according to an embodiment of the subject matter described herein;

Figure 4 is a flow chart illustrating exemplary steps for performing full
spectrum projection according to an embodiment of the subject matter
described herein;

Figure 5 is a block diagram illustrating exemplary components of an
exemplary imperceptible structured light projection and detection system;

Figure 6 is a block diagram illustrating an imperceptible structured light
projection and detection system that uses a full spectrum projector according to
an embodiment of the subject matter described herein;

Figure 7 is a flow chart illustrating exemplary steps for imperceptibly
embedding a structured light pattern in a color image using a full spectrum
projector according to an embodiment of the subject matter described herein;

Figure 8Ais a graph illustrating one method for embedding a structured
light value in a broadband projected color according to an embodiment of the
subject matter described herein; and

Figure 8B is a graph illustrating an alternate method for embedding a
structured light value in a broadband projected color according to an

embodiment of the subject matter described herein.

DETAILED DESCRIPTION OF THE INVENTION

According to one aspect, the subject matter described herein includes a
system for full spectrum projection that selects individual wavelengths to display
at pixel positions on a display surface. By individual wavelengths, it is meant
that a full spectrum projection system according to the subject matter described
herein is capable of displaying a narrowband-wavelength beam at each pixel in
a projected image. For example, a full spectrum projector according to the
subject matter described herein may be controlled to display a green pixel
having a center wavelength of 577 nanometers and a bandwidth of no more
than about 25 nanometers. Adjacent to the green pixel, a full spectrum
projection system according to an embodiment of the subject matter described

-4
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herein may display a blue pixel having an individual wavelength of 492
nanometers.

According to another aspect, a full spectrum projection system according
to an embodiment of the subject matter described herein is preferably capable
of displaying an entire range of visible light or other spectra, such as near
infrared, infrared, or ultraviolet spectra. For example, a full spectrum projection
system according to the subject matter described herein may be capable of
displaying light in wavelengths ranging from at least about 390 nanometers in
the violet range to 780 nanometers in the red range to over 1000 nanometers in
the near infrared. Displaying a full spectrum of colors greatly enhances the
quality of the projected image. In addition, because the subject matter
described herein is capable of displaying individual wavelengths or frequencies
for each pixel, the color quality of each pixel is further enhanced over
conventional systems that rely on mixing red, green, and blue to achieve a
desired color.

Figure 1 is a block diagram illustrating a system for full spectrum
projection according to an embodiment of the subject matter described herein.
Referring to Figure 1, the full spectrum projection system 300 includes a
broadband electromagnetic wave source 301 for projecting broadband
electromagnetic waves. If the full spectrum projection system is a visible light
projection system, broadband electromagnetic wave source 301 may be a white
light source capable of producing a collimated beam of white light. A filter 302
may be placed in front of broadband electromagnetic wave source 301 to filter
wavelengths that are not of interest and to reduce thermal exposure of
downstream optical components. In one exemplary implementation, filter 302
may comprise an infrared reflector or filter that removes infrared radiation from
the beams emanating from broadband electromagnetic wave source.
Collimating optics 304 may be placed downstream from filter 302 to collimate
the broadband electromagnetic radiation emanating from broadband
electromagnetic wave source 301.

A separator 306 separates the broadband electromagnetic beam into
narrowband-wavelength, spatially separate beams. Separator 306 is a device

capable of separating a broadband electromagnetic beam into multiple
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narrowband-wavelength beams. In one implementation, separator 306 may
comprise a prism. In alternate implementations, separator 306 may comprise a
diffraction grating, a variable dichroic filter, or a variable-color holographic filter.
The narrowband wavelength beams may be separated from each other in
space. Thatis, beams exiting separator 306 may appear as a rainbow where
individual colors are separated from each other in space. Beam shaping
optics 308 compress the narrowband-wavelength beams exiting from separator
306 into a desired area. Beam shaping optics may include any suitable beam
shaping device, such as aspheric and holographic lenses.

A beam director 310 director the beams exiting from beam shaping
optics 308 across a predetermined area. In one exemplary implementation,
beam sweeper 310 may comprise a multifaceted mirror that rotates about an
axis to sweep the beams across a desired area. In the example illustrated in
Figure 1, mirror 310 is shown from one side in the direction of the axis of
rotation. When light emanating from beam shaping optics 308 impacts a face
of beam director 310, the beams are swept sequentially in the direction
corresponding to the arrows exiting beam director 310. In one implementation,
beam director 310 may rotate through an arc such that each pixel is capable of
seeing each color at least twice during each frame display time.

In an alternate implementation, beam director 310 may be configured to
sequentially send narrowband-wavelength pulses of light across a
predetermined area. For example, rather than sweeping the narrowband-
wavelength beams across each pixel, beam director 310 may sequentially emit
pulses of light corresponding to each color or wavelength so that the
appropriate color or wavelength can be selected for each pixel.

A beam selector 312 selects individual beams exiting from beam director
310 corresponding to desired pixel colors. For example, as individual
wavelength beams exit beam director 310, the individual wavelength beams
pass through a focusing lens 314 and onto an internal face of total internal
reflection optic 316. The beams are reflected onto a surface of beam selector
312. As the entire spectrum of colors passes across individual locations of
beam selector 312, beam selector 312 may direct a desired pixel wavelength to

a display surface 318 via a projection lens 320. In one exemplary
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implementation, beam selector 312 may comprise a digital micromirror device
(DMD). In another implementation, beam selector 312 may comprise a light
transmissive liquid crystal display (LCD).

A controller 322 determines the desired pixel color to be displayed and
controls beam selector 312 to select the desired pixel. A sensor 324 senses
the position of beam director 310 so that controller 322 knows when a desired
pixel color is present at a given position of beam selector 312. Thus, rather
than mixing only red, green, and blue to achieve desired colors, the system
illustrated in Figure 1 can select individual wavelengths for each pixel in a
projected image. In addition, wavelengths outside of red, green, and blue can
be displayed, leading to better color projection. The systemillustrated in Figure
3 can also mix individual wavelength beams to achieve desired colors during a
frame display time.

Figure 4 is a flow chart illustrating exemplary overall steps for full
spectrum projection according to an embodiment of the subject matter
described herein.  Referring to Figure 4, in step 400, broadband
electromagnetic wave beams are projected from a broadband electromagnetic
wave source. As stated above, the broadband electromagnetic wave source
may be a white light source if it is desirable to project visible light. In an
alternate implementation, the electromagnetic wave source may be a near
infrared, infrared, or ultraviolet light source. In step 402, the broadband
electromagnetic wave beam is separated into narrowband-wavelength, spatially
separated beams. In step 404, the narrowband-wavelength beams are swept
across a predetermined area. In step 406, a narrowband-wavelength beam
corresponding to a desired pixel wavelength is selected and displayed on a
display surface.

The color of each displayed pixel may be adjusted or varied by adjusting
the intensity of the narrowband-wavelength beam corresponding to the pixel or
by adjusting the intensities of narrowband-wavelength beams adjacent to or
near the pixel whose color is being varied. When the intensities of adjacent
pixels adjacent to an unaltered pixel are varied, a human observer will perceive

that the color of the unaltered pixel has changed.
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There are many applications for a full spectrum projection system
according to an embodiment of the subject matter described herein. One
application is imperceptibly embedding structured light patterns in projected
color images for display on nonplanar and planar surfaces. For example,
commonly assigned, co-pending U.S. patent application no. 11/066,629, filed
on February 25, 2005, the disclosure of which is incorporated herein by.
reference in its entirety, discloses methods, systems, and computer program
products for imperceptibly embedding structured light patterns in projected color
images for display on planar and nonplanar surfaces. One reason it is
desirable to embed structured light patterns in projected color images is so that
depth information can be gathered from the images so that the images can be
predistorted for display on nonplanar surfaces. In the referenced patent
application, DMD mirror flip sequences are analyzed to determine a binary
image exposure period during which mirrors of a DMD device switch between
on and off for a given pixel intensity being displayed so that structured light
value can be embedded in a projected image without significantly altering the
projected pixel color. A camera may be synchronized with the projector to
acquire a structured light pattern during the binary image exposure period and
detect the encoded value.

Figure 5 is a block diagram illustrating one example of a structured light
depth extraction system that requires synchronization between the projector
and the camera. Referring to Figure 5, a projector 500 projects structured light
patterns onto a display surface. A camera 502 detects reflected images. The
shutter of camera 502 is controlled by a trigger signal generated by sync
generator 504. A computer 506 outputs a video signal with an embedded
structured light image, detects the combined image, and extracts the structured
light pattern. For example, if the input image had a red intensity of 129 for a
given pixel, the color of the projected pixel may be adjusted to the closest value
to 129 where the mirror corresponding to the pixel has the opposite polarity
during the binary image exposure period. By synchronizing camera 502 to the
binary image exposure period, the mirror polarity and hence the embedded

structured light value can be detected.
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While the system illustrated in Figure 5 is suitable for its intended
purposes, it requires synchronization between camera 502 and projector 500 so
that camera 502 acquires an image during the binary image exposure period. It
may be desirable to remove the synchronization requirement to further simplify
the system. According to the subject matter described herein, full spectrum
projection may be used to imperceptibly embed an individual wavelength pixel
in a broadband projected image without requiring a binary image exposure
period or synchronization between the projector and the camera. Figure 6
illustrates a system for structured light depth extraction using a full spectrum
projection system according to an embodiment of the subject matter described
herein. Referring to Figure 6, full spectrum projection system 300 may be used
o project a color image with an embedded structured light pattern. Camera
502 may include a wavelength selector 600 for selecting individual wavelengths
from a projected image. The wavelength selector may be any suitable filter
capable of filtering an individual wavelength pixel. Camera 502 need not be
synchronized with individual display periods of full spectrum projection system
300. Rather, camera 502 can simply continuously acquire the projected image
and wavelength selector 600 will select the desired wavelength. Computer 506
controls the operation of camera 502 and outputs the video in which the
structured light pattern is being encoded. It should be noted that snyc
generator 504 is not needed in the embodiment illustrated in Figure 6.

Figure 7 is a flow chart illustrating exemplary overall steps for using full
spectrum projection to imperceptibly embed a structured light pattern in a
projected image according to an embodiment of the subject matter described
herein. Referring to Figure 7, in step 700, a color to be displayed for a pixel in a
color image is determined. For example, it may be desirable to display the
color green ranging from 525 to 540 nanometers. In step 702, the value of a
structured light pattern to be encoded for a pixel is determined. For example, it
may be desirable to encode a binary 1 or a binary 0 in a projected pixel. In step
704, a full spectrum projector is used to imperceptibly encode a value at a pixel
position. Imperceptibly encoding the value at a pixel position may include
displaying an individual wavelength beam at the pixel position so that the user

would perceive a broadband color. Figure 8A is a graph illustrating one method
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for encoding a structured light pattern in a broadband image. Referring to
Figure 8A, pixel values ranging from 525 to 540 nanometers may be displayed
with the wavelength centered at 532.5 nanometers being turned off. The
presence or absence of a 532.5 nanometer wavelength beam can be assumed
to be a binary 0 or 1, corresponding to the structured light value being encoded.
The curvilinear line in Figure 8A represents the color as perceived by a human
eye.

Figure 8B illustrates an alternate method for imperceptibly embedding a
structured light pattern in a broadband pixel color. Referring to Figure 8B, it
may be desirable to display the color green ranging from 525 to 540
nanometers. In order to achieve a perceived display having this range of
wavelengths, individual beams, having wavelengths of 527 and 538
nanometers may be projected. The resulting displayed image appears like a
broadband image. However, a frequency sensitive detector may detect the
individual wavelengths being projected.

Returning to Figure 7, in step 7086, the structured light pattern is detected
using a wavelength selective detector. As described above with regard to
Figure 6, exemplary wavelength selective detectors that may be used include
notch filters or any other suitable frequency selective detector. Thus, using the
steps illustrated in Figure 7, structured light images can be embedded in color
images without requiring precise synchronization between the projector and the
camera that acquires the images.

In addition to structured light depth extraction, the subject matter
described herein may be used to produce narrowband-wavelength lighting, for
example for the film and television industries. Narrowband-wavelength lighting
may be desirable in environments in which precise control of color is used to
achieve a desired effect, such as making all actors in a particular scene appear
tan.

Another application of the subject matter described herein includes large
projection displays, such as those used in outdoor amphitheaters or even in
projection televisions.

Yet another application of the subject matter described herein includes
calibrating infrared or other electromagnetic wave tracking equipment. For

example, missile, jet, propeller plane, helicopter, and decoy exhaust systems
-10-
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each have characteristic thermal signatures. Some have higher peak
temperatures, while others have high bulk energy at low temperatures. These
variations are shown in a histogram of their frequency or temperature
distributions in the visible, NIR, and IR spectra. To calibrate ground-based,
ship, missile or aircraft tracking systems, simulating these various objects in a
controlled environment economically and safely is difficult. However, with a full
spectrum projection system described herein, one can project and tailor each
pixel or area to correspond to the visible, NIR and IR signature of the simulated
object. These "objects" can then be projected individually or in multiples
accurately to allow the calibration item (heat seeking missile, etc.) to view the
projected items at known locations and tracks and be accurately calibrated.

It will be understood that various details of the invention may be changed
without departing from the scope of the invention. Furthermore, the foregoing
description is for the purpose of illustration only, and not for the purpose of
limitation, as the invention is defined by the claims as set forth hereinafter.
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CLAIMS

What is claimed is:

1.

A method for full spectrum projection comprising:

(@)  projecting a broadband electromagnetic wave beam from a
broadband electromagnetic wave source;

(b)  separating the broadband electromagnetic wave beam into a
plurality of narrowband-wavelength beams;

(c) directing the narrowband-wavelength beams across a
predetermined area; and

(d)  selecting a narrowband-wavelength beam corresponding to a
desired pixel wavelength and displaying the desired pixel
wavelength at a first pixel on a display surface.

The method of claim 1 wherein projecting a broadband electromagnetic

wave beam includes projecting a white light beam.

The method of claim 2 wherein separating the broadband

electromagnetic wave beam includes separating the broadband

electromagnetic beam into narrowband-wavelength beams having

wavelengths ranging from about 390 nanometers to about 780

nanometers.

The method of claim 1 wherein projecting a broadband electromagnetic

wave beam includes projecting a beam having at least one of near

infrared, infrared, and ultraviolet wavelengths.

The method of claim 1 wherein separating the broadband

electromagnetic wave beam into narrowband-wavelength beams

includes passing the broadband electromagnetic wave beam through a

prism.

The method of claim 1 wherein separating the broadband

electromagnetic wave beam into .narrowband-wavelength beams

includes passing the broadband electromagnetic wave beam through a

variable dichroic filter.

The method of claim 1 wherein separating the broadband

electromagnetic wave beam into narrowband-wavelength beams

includes passing the broadband electromagnetic wave beam through a

diffraction grating.
-12-
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10.

11.

12.

13.

14.

15.

The method of claim 1 wherein separating the broadband
electromagnetic wave beam into narrowband-wavelength beams
includes passing the broadband electromagnetic wave beam through a
variable color holographic filter.

The method of claim 1 wherein directing the narrowband-wavelength
beams across a predetermined area includes sweeping the narrowband-
wavelength beams across a digital micromirror device using a
multifaceted, rotating mirror.

The method of claim 1 wherein directing the narrowband-wavelength
beams across a predetermined area includes individually pulsing the
narrowband-wavelength beams onto the surface of a digital micromirror
device (DMD).

The method of claim 1 wherein directing the narrowband wavelength
beams across a predetermined area includes directing the narrowband
wavelength beams across the surface of a digital micromirror device
(DMD) so that each pixel sees at least one visible light spectrum of
colors during a frame display time and wherein selecting a narrowband
wavelength beam correspodding to a desired pixel color includes
reflecting the narrowband-wavelength beam corresponding to the
desired pixel color in response to the narrowband-wavelength beam
impacting a mirror of a digital micromirror device (DMD).

The method of claim 1 wherein selecting a narrowband-wavelength
beam includes selecting a narrowband-wavelength beam using a digital
micromirror (DMD) device.

The method of claim 1 wherein selecting a narrowband-wavelength
beam includes selecting a narrowband-wavelength beam using a light
transmissive liquid crystal display (LCD).

The method of claim 1 wherein each narrowband-wavelength beam has
a bandwidth on the order of no more than about 25 nanometers.

The method of claim 1 comprising repeating steps (a)-(d) to produce a
plurality of narrowband-wavelength beams on a computer graphic

display surface.
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16.

17.

18.

19.

20.

21.

22.

The method of claim 1 comprising directing a plurality of narrowband-

wavelength beams into a scene to achieve narrowband-wavelength

lighting.

The method of claim 1 comprising projecting a plurality of narrowband-

wavelength beams onto a projection display surface.

The method of claim 1 comprising projecting a plurality of narrowband-

wavelength electromagnetic beams onto the display surface to simulate

an object being tracked and using the projected beams to calibrate

electromagnetic tracking equipment.

The method of claim 1 comprising varying a perceived color of the first

pixel by adjusting the intensity of the narrowband wavelength beam.

The method of claim 1 comprising varying a perceived color of the first

pixel by adjusting the intensity of at least one narrowband-wavelength

beam corresponding to at least one second pixel near the first pixel.

A method for imperceptibly embedding a structured light image in a

projected color image using a full spectrum projector, the method

comprising:

(a)  determining a color to be displayed for a pixel in a color image;

(b)  determining a value of a structured light pattern to be encoded for
a pixel position;

(c)  using a full spectrum projector to imperceptibly encode the value
at the pixel position; and

(d) detecting the encoded value using a wavelength-selective
detector.

A system for full spectrum projection comprising:

(a) a broadband electromagnetic wave source for projecting a
broadband electromagnetic wave beam;

(b)  aseparator for separating the broadband electromagnetic wave
beam into narrowband-wavelength beams;

(c)  abeam director for directing the narrowband-wavelength beams
across a predetermined area; and

(d) a beam selector for selecting a narrowband-wavelength beam
corresponding to a desired pixel wavelength and directing the

beam to a pixel position on a display surface.
-14-
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

The system of claim 22 wherein the projector comprises a visible light
projector.

The system of claim 23 wherein the separator is adapted to separate
visible light into narrowband-wavelength beams having wavelengths
ranging from 390 nanometers to 780 nanometers.

The system of claim 22 wherein the projector is capable of projecting an
electromagnetic wave beam having at least one of near infrared,
infrared, and ultraviolet wavelength ranges.

The system of claim 22 wherein the separator comprises a prism.

The system of claim 22 wherein the separator comprises a variable
dichroic filter.

The system of claim 22 wherein the separator comprises a diffraction
grating.

The system of claim 22 wherein the separator comprises a variable color
holographic filter.

The system of claim 22 wherein the beam director comprises a
multifaceted mirror arranged to rotate about an axis.

The system of claim 22 wherein the beam director is arranged to emit
individual pulses of narrowband light corresponding to the narrowband-
wavelength beams.

The system of claim 22 wherein the beam selector comprises a digital
micromirror device (DMD).

The system of claim 22 wherein the beam selector comprises a light
transmissive liquid crystal display (LCD).

The system of claim 22 wherein each narrowband-wavelength beam has
a bandwidth on the order of no more than about 25 nanometers.

The system of claim 22 wherein the beam director and the beam
selector are adapted to generate a plurality of individual wavelength
pixels for a computer graphics application.

The system of claim 22 wherein the beam director and the beam
selector or adapted to project a plurality of narrowband-wavelength
beams into a scene for a customized lighting application.

The system of claim 22 wherein the beam director and the beam

selector are adapted to project a plurality of narrowband-wavelength
-15-
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pixels into a predetermined area to simulate an object being tracked by

an electromagnetic wave tracking application.

The system of claim 22 wherein the beam director and the beam

selector are adapted to project a plurality of narrowband-wavelength

beams onto a projection display surface.

A computer program product comprising computer executable

instruction embodied in a computer readable medium for performing

steps comprising:

(a)  projecting a broadband electromagnetic wave beam from a
broadband electromagnetic wave source; _

(b)  separating the broadband electromagnetic wave beam into a
plurality of narrowband-wavelength beams;

(c) directing the narrowband-wavelength beams across a
predetermined area; and

(d)  selecting a narrowband-wavelength beam corresponding to a
desired pixel wavelength and displaying the desired pixel
wavelength on a display surface.

The computer program product of claim 39 wherein projecting a

broadband electromagnetic wave beam includes projecting a white light

beam.

The computer program product of claim 40 wherein separating the

broadband electromagnetic wave beam includes separating the

broadband electromagnetic beam into narrowband-wavelength beams

having wavelengths ranging from about 390 nanometers to about 780

nanometers.

The computer program product of claim 39 wherein projecting a

broadband electromagnetic wave beam includes projecting a beam

having at least one of near infrared, infrared, and ultraviolet

wavelengths.

The computer program product of claim 39 wherein separating the

broadband electromagnetic wave beam into narrowband-wavelength

beams includes passing the broadband electromagnetic wave beam

through a prism.
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The computer program product of claim 39 wherein separating the
broadband electromagnetic wave beam into narrowband-wavelength
beams includes passing the broadband electromagnetic wave beam
through a variable dichroic filter.

The computer program product of claim 39 wherein separating the
broadband electromagnetic wave beam into narrowband-wavelength
beams includes passing the broadband electromagnetic wave beam
through a diffraction grating.

The computer program product of claim 39 wherein separating the
broadband electromagnetic wave beam into narrowband-wavelength
beams includes passing the broadband electromagnetié wave beam
through a variable color holographic filter.

The computer program product of claim 39 wherein directing the
narrowband-wavelength beams across a predetermined area includes
sweeping the narrowband-wavelength beams across the predetermined
area using a multifaceted, rotating mirror.

The computer program product of claim 39 wherein selecting a
narrowband-wavelength beam includes selecting a narrowband-
wavelength beam using a digital micromirror device (DMD).

The computer program product of claim 39 wherein selecting a
narrowband-wavelength beam includes selecting a narrowband-
wavelength beam using a light transmissive liquid crystal display (LCD).
The computer program product of claim 39 wherein each narrowband-
wavelength beam has a frequency bandwidth on the order of no more
than about 25 nanometers.

The computer program product of claim 39 comprising repeating
steps (a)-(d) to produce a plurality of narrowband-wavelength beams on
a computer graphic display surface.

The computer program product of claim 39 comprising directing a
plurality of narrowband-wavelength beams into a scene to achieve
narrowband-wavelength lighting.

The computer program product of claim 39 comprising directing a
plurality of narrowband-wavelength beams into a predetermined area to

-17-
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simulate an object being tracked by an electromagnetic wave tracking

application.

The computer program product of claim 39 comprising projecting a

plurality of narrowband-wavelength beams onto a projection display

surface.

A computer program product comprising computer executable

instruction embodied in a computer readable medium for performing

steps comprising:

(a)  determining a color to be displayed for a pixel in a color image;

(b)  determining a value of a structured light pattern to be encoded for
a pixel position;

(c)  using a full spectrum projector to imperceptibly encode the value
at the pixel position; and

(d)  detecting the encoded value using a wavelength-selective

detector.
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