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(57) ABSTRACT

Dual or multi-modulation display systems comprising a first
modulator and a second modulator are disclosed. The first
modulator may comprise a plurality of analog mirrors (e.g.
MEMS array) and the second modulator may comprise a
plurality of mirrors (e.g., DMD array). The display system
may further comprise a controller that sends control signals
to the first and second modulator. The display system may
render highlight features within a projected image by affect-
ing a time multiplexing scheme. In one embodiment, the first
modulator may be switched on a sub-frame basis such that
a desired proportion of the available light may be focused or
directed onto the second modulator to form the highlight
feature on a sub-frame rendering basis.
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MULTIPLE STAGE MODULATION
PROJECTOR DISPLAY SYSTEMS HAVING
EFFICIENT LIGHT UTILIZATION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation application of
U.S. patent application Ser. No. 16/847,147, filed Apr. 13,
2020, which is a Continuation application of U.S. patent
application Ser. No. 15/880,239, filed Jan. 25, 2018, now
patent Ser. No. 10/623,685, issued Apr. 14, 2020, which is
a Continuation application of U.S. patent application Ser.
No. 15/358,998, filed Nov. 22, 2016, now U.S. Pat. No.
9,918,052, issued on Mar. 13, 2018, which is a Continuation
application of U.S. patent application Ser. No. 14/696,918
filed on Apr. 27, 2015, now U.S. Pat. No. 9,531,982, issued
Dec. 27, 2016, which is a Continuation application of U.S.
patent application Ser. No. 14/300,585 filed on Jun. 10,
2014, now U.S. Pat. No. 9,049,413, issued on Jun. 2, 2015,
which claims the benefit of priority to U.S. Provisional
Patent Application No. 61/860,203 filed on Jul. 30, 2013
entitled, “Multiple Stage Modulation Projector Display Sys-
tems Having Efficient Light Utilization” which are incorpo-
rated herein by reference in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to displays systems
and, more particularly, to dual or multi-stage modulation
projection display systems.

BACKGROUND

[0003] In a conventional projector system, there is typi-
cally a single light source that illuminates a screen with an
image that is modulated by some optical system within the
projector. When there is an image to be projected that has a
“highlight” (that is, a region of high brightness—e.g., a
specular reflection off of a surface in the image, direct
sunlight, a luminant object, one region that is substantially
more luminant than other regions or the like), then the
highlight would have the same luminance level as the “full”
screen. In that case, the light coming through the projector
would have to be fully ON for the entire screen and the
projector system would have to “throw away™ light that is
not a part of the highlight. This may not tend to be the
most-efficient use of the light source.

SUMMARY

[0004] Several embodiments of display systems and meth-
ods of their manufacture and use are herein disclosed.
[0005] Dual or multi-modulation display systems com-
prising a first modulator and a second modulator are dis-
closed. The first modulator may comprise a plurality of
analog mirrors (e.g. MEMS array) and the second modulator
may comprise a plurality of mirrors (e.g., DMD array). The
display system may further comprise a controller that sends
control signals to the first and second modulator. The display
system may render highlight features within a projected
image by affecting a time multiplexing scheme. In one
embodiment, the first modulator may be switched on a
sub-frame basis such that a desired proportion of the avail-
able light may be focused or directed onto the second
modulator to form the highlight feature on a sub-frame
rendering basis.

Feb. 29, 2024

[0006] In one embodiment, a multi-modulation projector
display system, said display system comprising: a light
source; a controller; a first modulator, said first modulator
being illuminated by said light source and said first modu-
lator comprising a plurality of analog mirrors to modulate
light from the light source; a second modulator, said second
modulator being illuminated by light from said first modu-
lator and capable of modulating light from said first modu-
lator, and said second modulator comprising a plurality of
mirrors; said controller further comprising: a processor; a
memory, said memory associated with said processor and
said memory further comprising processor-readable instruc-
tions, such that when said processor reads the processor-
readable instructions, causes the processor to perform the
following instructions: receiving image data, said image
data comprising at least one highlight feature; sending
control signals to said first modulator such that said first
modulator may allocate a desired proportion of the light
from said light source onto said second modulator to form
said highlight feature; and sending control signals to said
second modulator such that said desired proportion of the
light from said light source is modulated to form said
highlight feature.

[0007] In another embodiment, a processor-implemented
method for rendering highlight features within video data
stream, said video data stream being projected by a multi-
modulation projection display system, said display system
comprising a first modulator, said first modulator, said first
modulator comprising a plurality of analog mirrors, a second
modulator, said second modulator comprising a plurality of
mirrors and a processor, said processor controlling said first
modulator and said second modulator, the method compris-
ing: receiving image data, said image data comprising at
least one highlight feature; sending control signals to said
first modulator such that said first modulator may allocate a
desired proportion of the light from said light source onto
said second modulator to form said highlight feature; and
sending control signals to said second modulator such that
said desired proportion of the light from said light source is
modulated to form said highlight feature.

[0008] Other features and advantages of the present sys-
tem are presented below in the Detailed Description when
read in connection with the drawings presented within this
application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Exemplary embodiments are illustrated in refer-
enced figures of the drawings. It is intended that the embodi-
ments and figures disclosed herein are to be considered
illustrative rather than restrictive.

[0010] FIG. 1 is one embodiment of a dual modulation
projector display system that may be suitable for the sys-
tems, methods and techniques of the present application
disclosed herein.

[0011] FIGS. 2A and 2B depict a high level schematic
description of illuminating a highlight section within a given
projected image as made in accordance with the principles
of the present application.

[0012] FIGS. 3A, 3B and 3C depict one embodiment of a
time division multiplexing scheme as made in accordance
with the principles of the present application.

[0013] FIG. 3D is one embodiment of a control method for
affecting the rendering of highlight features within a pro-
jected image by a multi-modulator display system.
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[0014] FIGS. 4 and 5 depict two embodiments of a multi-
modulator projector system as made in accordance with the
principles of the present application.

[0015] FIG. 6 depicts one high-level diagram of switching
scheme that matches the bit-sequence repeating pattern.

DETAILED DESCRIPTION

[0016] Throughout the following description, specific
details are set forth in order to provide a more thorough
understanding to persons skilled in the art. However, well
known elements may not have been shown or described in
detail to avoid unnecessarily obscuring the disclosure.
Accordingly, the description and drawings are to be regarded
in an illustrative, rather than a restrictive, sense.

[0017] As utilized herein, terms “component,” “system,”
“interface,” “controller” and the like are intended to refer to
a computer-related entity, either hardware, software (e.g., in
execution), and/or firmware. For example, any of these
terms can be a process running on a processor, a processor,
an object, an executable, a program, and/or a computer. By
way of illustration, both an application running on a server
and the server can be a component and/or controller. One or
more components/controllers can reside within a process
and a component/controller can be localized on one com-
puter and/or distributed between two or more computers.

[0018] The claimed subject matter is described with ref-
erence to the drawings, wherein like reference numerals are
used to refer to like elements throughout. In the following
description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough under-
standing of the subject innovation. It may be evident,
however, that the claimed subject matter may be practiced
without these specific details. In other instances, well-known
structures and devices are shown in block diagram form in
order to facilitate describing the subject innovation.

2 <

INTRODUCTION

[0019] With current digital projector, the full screen and
highlight luminance levels tend to be equal, but this
approach also tends to be inefficient from the standpoint of
light energy considerations.

[0020] In many embodiments disclosed herein, novel dual
modulator, triple modulator and other multi-modulator pro-
jection display systems and techniques offer the possibility
of putting additional light onto highlight features on a
projected image—as opposed to throwing away excess light
that is not needed. Many embodiments employ a combina-
tion of a MEMS array as a first (or early) stage modulator
that projects an intermediate illumination onto a second (or
later) stage DMD modulator.

[0021] In another aspect of several embodiments of the
present application, a novel time division multiplexing
scheme may aid the systems and architectures of the novel
dual, triple and/or multi-stage modulator projector systems.
If a frame of image data may be projected in a sequence of
sub-frames, then highlights may be accommodated in an
efficient manner, from the consideration of light energy
usage. In other aspects of several embodiments, advanced
bit sequence schemes are disclosed that may help to affect
such time division multiplexing schemes.
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Light Efficient Dual-Modulator Projector
Embodiments

[0022] Dual modulation projector systems have been
described in commonly-owned patents and patent applica-
tions, including:

[0023] (1) U.S. Pat. No. 8,125,702 to Ward et al., issued
on Feb. 28, 2012 and entitled “SERTIAL. MODULA-
TION DISPLAY HAVING BINARY LIGHT MODU-
LATION STAGE”,

[0024] (2) United States Patent Application
20130148037 to Whitehead et al., published on Jun. 13,
2013 and entitled “PROJECTION DISPLAYS”

[0025] which are hereby incorporated by reference in their
entirety.
[0026] Inmany dual, triple, more than 2-modulation (all of

which are hereinafter referred to as “multi-modulation”)
display systems disclosed herein use beam steering to put
light on the modulation chips only where needed.

[0027] FIG. 1 is one embodiment of a dual modulating
projector display system 100, comprising two or more
digital projectors (as modulators). FIG. 1 shows a mono-
chrome display 102 according to this example embodiment.
Display 100 comprises a light source 102. Light 104 from
light source 102 illuminates a first light modulator 106.
Light source 102 may comprise, for example: a laser; a
xenon lamp; an array of lasers (e.g., diodes or otherwise) or
other solid-state light emitters; an arc lamp; or the like.
[0028] In one embodiment, the first light modulator 106
may comprise a plurality of controllable elements 106a—
e.g., on a fast switching devices, such as a MEMS device or
the like. As will be described in greater detail below (and in
reference to FIGS. 2A-B and FIGS. 3A-C), elements 106a
may be selected such that they may be steered to reflect light
to a second modulator 110 by a suitable control circuit/
controller 116. The controller 116 may comprise a processor,
a memory in communication with the processor and such
that the memory may comprise instructions such that the
controller may suitably control first modulator and second
modulator (and other modulators, if they are in the system
at issue) to perform the highlighting techniques as described
herein.

[0029] The set of controllable elements may also com-
prises a set of controllable analog mirrors—possibly with
switching speeds sufficiently responsive to provide sub-
frame rendering for processing highlights as described
herein. In one embodiment, the switching response time of
elements 106a may be fast enough—so as to reflect light
onto the second modulator several times in a given frame of
image data. For example, elements 106a may affect a half
frame, third frame, a quarter frame, or 1/n frame illumina-
tion onto second modulator 110, as desired.

[0030] Light from first modulator 106 may pass through
an optical system 108—which may comprise sufficient
optical components to perform a desired point spread func-
tion (PSF) of illumination onto second modulator 110.
Depending on the ratio of elements 106¢ in first modulator
106 to elements 1104 in second modulator 110, the desired
PSF may vary accordingly. For example, if the first modu-
lator 106 is a MEMS array and second modulator 110 is a
DMD array, a typical MEMS array has many less elements
106a (e.g., range from a few hundred to a few thousand
mirror elements, 100 to 2-3K)—than a DMD array that may
be a few million mirror elements thereon (e.g. over S00K
mirrors and over).
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[0031] Second light modulator 110 may be controlled by
control circuit 116 (as first light modulator 106 may be) and
comprise a plurality of controllable elements 110a. Each
controllable element 110a can be controlled to select a
proportion of the light that is incident on the element 110a
from first spatial light modulator 106 that is transmitted to a
viewing area 114 (through, possibly a second optical system
112).

[0032] In some embodiments, second spatial light modu-
lator 110 comprises optical reflective or transmissive ele-
ments 110a that can be switched between ON and OFF
states, e.g., a DMD device. In such embodiments, second
spatial light modulator 110 may be controlled by a controller
that sets its elements to be ON or OFF.

[0033] Transfer optics 108 carries light from first light
modulator 106 to second light modulator 110. This light is
capable of illuminating the entire active area of second light
modulator 110 when all elements 106a of first spatial light
modulator 106 are ON. This light could spread past the
edges of second spatial light modulator 110. Transfer optics
108 may blur the light. Transfer optics 108 may be charac-
terized by a transfer function which at least approximates
how light issuing from a point on first spatial light modulator
106 will be spread over second spatial light modulator 110.
The pattern of light incident on second light modulator 110
can be estimated or determined from the configuration of
first modulator 106 (i.e. from which elements 106a are ON
and which elements 1064 are OFF) and the transfer function.
A suitable projection lens 112 focuses light from second
spatial light modulator 110 onto a screen 114 for viewing.
Screen 114 may comprise a front-projection screen or a
rear-projection screen.

[0034] Although the embodiment of FIG. 1 depicts a
single light channel, it will be appreciated that the first and
second modulators may be replicated for each of a series of
color channels within the projector such that each color
channel includes 2 optically offset reflective modulators.
The series of color channels may comprise a red channel, a
green channel, and a blue channel. The light source may
comprise, for example, a plurality of colored laser light
sources. In one embodiment, the light sources may be
modulated either globally (in brightness) and/or spatially
(locally) dimmed according to signals (not shown) from a
controller (e.g., 116).

[0035] The intermediate signals to the second modulator
may be, for example, based on a light field simulation
comprising a point spread function of light reflected by the
first modulator and the offset. For example, the intermediate
signals to the second modulator may be based on a point
spread function of light reflected by the first modulator in
each channel and the offset in each channel. The offset in the
channels may be the same, or the offset of at least two
channels is different and the intermediate signals to second
modulator in each channel is based on at least one of the
offset and differences in offset between channels.

Light Efficient Operation Embodiments

[0036] In one embodiment of the present application, the
dual modulation projector system of FIG. 1 may be
employed to affect an efficient light usage. FIGS. 2A through
2C depict one embodiment in which the dual modulation
system of FIG. 1 may be capable of providing illumination
ot highlights within an image in an efficient manner from the
standpoint of light energy.
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[0037] FIG. 2A depicts merely a portion 200 of the display
system 100. Main light beam 202 illuminates the first
modulator 204—which may be any suitably fast switching
device, such as a MEMS device or some set of fast switching
reflective and/or transmissive elements. As may be seen, first
modulator 204 is able to steer light beam 202 onto the
elements of the second modulator 208.

[0038] The illumination, in FIG. 2A, would be sufficient to
illuminate a substantially full image on a projection screen
214—passed, possibly, through sufficient projector optics
212. As may also be seen, an image of a crown—which may
comprise a lower portion 220a and an upper portion 2205—
is shown on the projector screen. In this example, suppose
that the top portion of the crown is to be displayed as a
highlight (i.e., at substantially full illumination of the dis-
play system). Suppose further that the lower portion of the
crown is not to be displayed at full illumination—thus,
further highlighting the top portion of the crown.

[0039] As is known, one approach to obtaining bright high
contrast images (e.g., with highlights) using such a dual
modulation projector may be to have the full screen and
highlight luminance levels are equal—and provide the nec-
essary modulation via, e.g., a pulse width modulation.
However, this approach may not be the most efficient—as
typically pulse width modulation employs a constant light
for the entire frame period. Thus, the modulators need to
throw away a certain amount of light energy during the
frame period.

[0040] FIG. 2B depicts one embodiment of the present
application may supply such a highlight to portion 2205—
without undue waste of the light energy. As may be seen, the
active elements of first modulator 204 may be switched for
a first time period (possibly, for less than a full frame)—such
that more light energy is focused onto a portion of the
second modulator that directly forms the portion of the
highlight 22054'. For this first period of time, more of a
relative amount of light from the main beam 202 illuminates
the highlight.

[0041] FIGS. 3A through 3C depict the sequence of illu-
mination over the course of three time periods. FIGS. 3A and
3B show the same image illumination of FIGS. 2A and 2B,
respectively, over a first and second time period (T1 and T2).
In a third period of time, T3, FIG. 3C may show the same
image as in FIG. 3A.

[0042] This exemplary set of figures (FIGS. 3A through
3C) demonstrate a scheme—similar to time division multi-
plexing—in which a portion of an image may be high-
lighted, without throwing away excess light energy. In fact,
the amount of highlight may depend on a number of fac-
tors—such as the relative of amount of time the system
spends highlighting versus the amount of time spent illumi-
nated the remainder of the image.

[0043] FIG. 3D depicts one embodiment of a control
method 300 for forming and/or rendering a highlight feature
which may comprise a portion of an image frame and/or
video data. At 302, the controller may receive image/video
data comprising a portion of the image/video data that is a
feature to be highlighted within an image frame(s) or a
portion of the video data. At 304, the controller may send
control signals to the analog modulator (which may be the
first modulator layer/stage or other modulator layer/stage).
These control signals may induce the analog mirrored ele-
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ments to focus, or otherwise project, a good portion of the
light from the light source onto second, or other, modulator
layer/stage.

[0044] The amount of light focused by the analog modu-
lator may vary according to the image to be rendered. In
some cases, the controller may direct that all of the available
light is to be focused and/or modulated in order to render the
highlight. In other cases, the amount of light devoted to the
highlight may be substantially less than 100% of the avail-
able light. In yet other cases, there may be a desired portion
of the available light devoted to one or many highlights and
some portion of the light devoted to other parts/portions of
the image/video data that may not be highlighted. It may
suffice for purposes of the present application that the
projector system be able to dynamically allocate a desired
amount and/or proportion of the available light in order to
render/project highlight features.

[0045] The controller may send control signals to the
second/other modulator to further modulate the light, so that
the rendered and/or projected image is sending a good
portion of the light energy to the highlighted portion of the
image and/or video data.

[0046] As is discussed, this focusing and/or projecting
from the analog mirrors may be for a brief period of
time—e.g., in a sub-frame of image rendering and/or in
some time multiplexed fashion. In this manner, the high-
lighted portion may receive a good portion of the light
energy so that the highlighted portion is visibly highlighted
by intended viewers of the image/video data.

[0047] As mentioned above, the previous manner to show
portion 2205 as a highlight might have been to have a
constant light source outputting at its peak luminance—and
focus the full luminance on the highlight, while throwing
away excess light that is not needed or desired on other parts
of the image. This, however, tends to waste the light energy
of the display system.

Embodiments Comprising MEMS Arrays

[0048] Conceptually, this time division multiplexing
scheme may tend to work well—as only a small percentage
of the light energy is required for the highlights. However,
in the case in which the first (or early stage) modulator is a
MEMS array, then it may be the case that there are currently
no commercially available beam-steering MEMS devices
with nearly enough mirrors (or at least at an affordable
price). In order to illuminate small highlights in a given
image, the optimal number may approach over 1500 mirrors.
However, the largest current devices may tend to have on the
order of approximately 100 mirrors to a few hundred mir-
rors.

[0049] To compensate for the desirability for additional
mirrors for proper highlighting, several embodiments of the
present application may affect a new scheme for projecting
images (e.g., in particular, images comprising highlights).
For example, several embodiments employ a form of time
division multiplexing during a frame period to modulate the
light. As noted above, DMDs typically employ a form of
pulse width modulation—thus, the light from the light
source is usually required to be constant during the entire
frame period. As will be discussed further herein, with time
division multiplexing, the projector system may produce a
non-constant illumination.

[0050] Thus, several embodiments of the present applica-
tion may steer the light beam on the modulators (e.g.,
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modulation chips such as MEMS, analog DMD devices
and/or digital DMD devices)—only where and/or when
needed. In the example of FIGS. 3A through 3C, it was seen
that a time division multiplexing scheme may split a frame
period into a number of sub-frames. In that example, it was
depicted as three subframes T1, T2 and T3; however, it will
be appreciated that other frame subdivisions may be possible
and the scope of the present application encompasses other
subframe subdivision schemes. As will be discussed further
herein, several embodiments may employ a different number
of subframes—e.g., 2, 4 or 16 subframes.

Multi-Modulation Projector Embodiments

[0051] While some embodiments of the present applica-
tion may comprise a dual modulator system, other systems
having triple (or more) modulators may also suffice for
purposes of the present application.

[0052] FIG. 4 is one multi-modulator system 400 com-
prising a light source 402q, illuminating a first light beam
404a to a beamsplitter 405. To provide the highlight, a
second light beam 4045 may illuminate a first modulator
403. First modulator 403 may be a MEMS array or some
other suitable faster switching set of elements. To create the
second light beam 40454, there may be an optional, additional
light source 4026— or a part of the first light beam 404a may
be split out to form second light beam 4045 in any manner
known in the art.

[0053] Beamsplitter 405 may serve to combine the first
and the second light beams to illuminate a second modulator
406. Second modulator 406 may comprise either a MEMS
array or a DMD device or any other suitable modulator.
Second modulator 406 may illuminate a third modulator 410
(via, possibly, an intermediate optical system 408. Optical
system 408 may provide sufficient blurring or other condi-
tion of the illumination—such that the convolution of the
light from the second modulator to third modulator is
sufficient to project a suitable image onto projector screen
414 (via, possibly, a projector optical system 412).

[0054] FIG. 5 depicts yet another possible multi-modula-
tor display system 500 that may be suitable for the purposes
of the present application. Light source 502 may illuminate
a first light beam 504. Polarizer 505 may apply a desired
polarization to light beam 504. Light beam 504 may be split
by a polarizing beamsplitter 506 and create a second light
beam 508. Second light beam 508 may illuminate a first
modulator 510—which may comprise a MEMS array or
some other fast switching elements. Light from first modu-
lator 510 may illuminate a second modulator 512—which
may comprise a MEMS array or DMD device or any other
suitable modulator. The light from the third modulator may
be combined with beam 514 at beamsplitter/combiner 516.
Thereafter, the resulting light may illuminate a third modu-
lator 518—which may illuminate a projection screen 522
(via, possibly, projection optical system 520).

Time Division Multiplexing/Bit Sequence
Embodiments

[0055] Normally, a typical DMD employs a single bit
sequence per frame to obtain a certain bit per pixel (e.g., 16
bit/pixel) modulation. In many embodiments, the bit
sequence may be modified such that the higher order bits are
spread across the frame period, therefore, they may be
repeated multiple times. For example, in one embodiment,
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the top bits (e.g., the top 12 bits of 16 bits) may be repeated
for each subframe. This would allow a pattern with the top
12 bits to repeat—e.g., 16 times (in a Y16 subframe subdi-
vision embodiment). The lower significant bits would
remain unaffected—e.g., spread across the entire frame
period.

[0056] In one embodiment, it may be possible to have the
beam steering device (e.g., mirrors or other elements)—e.g.,
the first modulator—switch quickly and/or at a desired rate
(e.g., 10-100 microseconds). This may be desirable—so as
that the first modulator may switch in a “dark” time between
sequence repeats. During such a dark time, the display
system may not be outputting any light to be rendered and/or
projected. This may help to avoid noticeable and/or unde-
sirable visual effects.

[0057] In the case where the first modulator and/or beam
steering device with a lesser number of elements (e.g., 200
elements) would need to be able to address a greater number
(e.g., 3200 or more) locations. FIG. 6 depicts a high level
switching scheme 600 that matches the bit-sequence repeat-
ing pattern. Pattern 602 depicts the time periods (e.g., 602a
and 60254) during which the bit sequence is repeating.
Between this time periods is a period of dark time (603)
between sequence repeats. As may be seen in pattern 604,
the first modulator is able to switch multiple times (e.g.,
604a, 6045, . . . , 604n) during the entire period and the dark
time.

[0058] A detailed description of one or more embodiments
of the invention, read along with accompanying figures, that
illustrate the principles of the invention has now been given.
It is to be appreciated that the invention is described in
connection with such embodiments, but the invention is not
limited to any embodiment. The scope of the invention is
limited only by the claims and the invention encompasses
numerous alternatives, modifications and equivalents.
Numerous specific details have been set forth in this descrip-
tion in order to provide a thorough understanding of the
invention. These details are provided for the purpose of
example and the invention may be practiced according to the
claims without some or all of these specific details. For the
purpose of clarity, technical material that is known in the
technical fields related to the invention has not been
described in detail so that the invention is not unnecessarily
obscured.

1. A multi-modulation projector display system, the dis-

play system comprising:
a light source configured to project light;
a first modulator configured to be illuminated by the light
source, the first modulator comprising a first plurality
of mirrors configured to modulate light from the light
source;
a second modulator configured to be illuminated by light
from the first modulator, the second modulator com-
prising a second plurality of mirrors configured to
modulate light from the first modulator; and
a controller comprising a processor and a memory, the
controller configured to:
receive image data, the image data comprising at least
one highlight feature and an image to be rendered,
the highlight feature representing a subset of the area
of the image to be rendered;

provide control signals to the first modulator such that
the first modulator allocates a desired proportion of
the light from the light source during a desired
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sub-frame period of light onto the second modulator
to form the highlight feature; and

provide control signals to the second modulator such
that the subset of the area of the image represented
by the highlight feature is modulated to form the
highlight feature,

wherein the highlight feature is rendered during the
desired sub-frame period using a time-multiplexing
scheme.

2. The display system of claim 1, wherein the light source
comprises one of a group, said group comprising: a xenon
lamp, an arc lamp, a laser, an array of lasers, an array of
solid-state light emitters.

3. The display system of claim 2, wherein the light source
comprising an array of lasers and wherein the lasers are
modulated globally and locally.

4. The display system of claim 1, wherein the first
plurality of mirrors comprises one of a group consisting of
a MEMS array and a set of controllable analog mirrors.

5. The display system of claim 4, wherein the second
plurality of mirrors comprises one of a group consisting of
a MEMS array, a DMD array, a set of controllable analog
mirrors, and a set of controllable digital mirrors.

6. The display system of claim 1, wherein a number of the
first plurality of mirrors is less than a number of the second
plurality of mirrors.

7. The display system of claim 1, wherein light from the
first modulator performs a desired point spread function
upon the second modulator.

8. The display system of claim 1, wherein the display
system further comprises:

transfer optics disposed between the first modulator and

the second modulator.

9. The display system of claim 1, further comprising a
second optical system configured to focus a projection light
from the second modulator onto a screen.

10. The display system of claim 1, wherein, when using
the time-multiplexing scheme, the controller is configured
to:

allocate a dark period within a first sub-frame period,

wherein the light source does not output light during
the dark period; and

switch the first modulator during the dark period.

11. A processor-implemented method for rendering high-
light features within a video data stream, the video data
stream being projected by a multi-modulation projection
display system, the display system comprising a light
source, a first modulator, a second modulator, and a proces-
sor, the first modulator comprising a first plurality of mir-
rors, the second modulator comprising a second plurality of
mirrors, the processor controlling the first modulator and the
second modulator, the method comprising:

receiving image data, the image data comprising at least
one highlight feature and an image to be rendered, the
highlight feature representing a subset of the area of the
image to be rendered;

providing control signals to the first modulator such that
the first modulator allocates a desired proportion of the
light from the light source during a desired sub-frame
period of light onto the second modulator to form the
highlight feature; and
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providing control signals to the second modulator such
that the subset of the area of the image represented by
the highlight feature is modulated to form the highlight
feature,

wherein the highlight feature is rendered during the

desired sub-frame period using a time-multiplexing
scheme.

12. The method of claim 11, wherein providing control
signals to the first modulator includes providing control
signals to allocate a desired portion of the light for a first
period of time.

13. The method of claim 12, wherein the first period of
time is less than one frame period.

14. The method of claim 11, further comprising:

allocating a dark period within a first sub-frame period,

wherein the light source does not output light during
the dark period; and

switching the first modulator during the dark period

15. The method of claim 11, further comprising transfer-
ring a modulated light from the first modulator to the second
modulator.

16. The method of claim 15, wherein transferring the
modulated light includes performing a predetermined point
spread function of illumination onto the second modulator.

17. A non-transitory computer-readable medium storing
instructions that, when executed by a control circuit of a
projector display system comprising a light source, a first
modulator including a first plurality of mirrors, and a second
modulator including a second plurality of mirrors, cause the
projector display system to perform operations comprising:
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receiving image data, the image data comprising at least
one highlight feature and an image to be rendered, the
highlight feature representing a subset of the area of the
image to be rendered;

providing control signals to the first modulator such that

the first modulator allocates a desired proportion of the
light from the light source during a desired sub-frame
period of light onto the second modulator to form the
highlight feature; and

providing control signals to the second modulator such

that the subset of the area of the image represented by
the highlight feature is modulated to form the highlight
feature,

wherein the highlight feature is rendered during the

desired sub-frame period using a time-multiplexing
scheme.

18. The non-transitory computer-readable medium of
claim 17, the operations further comprising transferring a
modulated light from the first modulator to the second
modulator.

19. The non-transitory computer-readable medium of
claim 18, wherein transferring the modulated light includes
performing a predetermined point spread function of illu-
mination onto the second modulator.

20. The non-transitory computer-readable medium
according to claim 17, the operations further comprising
focusing a projection light from the second modulator onto
a screen.



