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(57) ABSTRACT

A digital micromirror device (“DMD”) is used to alter the
shape of light that is projected onto a stage. The DMD
selectively reflects some light, thereby shaping the light that
is projected onto the stage. The control for the alteration is
controlled by an image. That image can be processed,
thereby carrying out image processing effects on the shape
of the light that is displayed. One preferred application
follows the shape of the performer and illuminates the
performer using a shape that adaptively follows the per-
former’s image. This results in a shadowless follow spot.

64 Claims, 10 Drawing Sheets
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PROGRAMMABLE LIGHT BEAM SHAPE
ALTERING DEVICE USING
PROGRAMMABLE MICROMIRRORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. application Ser.
No. 10/197,963, filed Jul. 16, 2002 now U.S. Pat. No.
6,771,411, which is a continuation of U.S. application Ser.
No. 09/928,220, filed Aug. 9, 2001 now U.S. Pat. No.
6,421,165, which is a continuation of U.S. application Ser.
No. 09/359,064, filed Jul. 21, 1999 now U.S. Pat. No.
6,288,828, which is a divisional of U.S. application Ser. No.
08/962,237, filed Oct. 31, 1997, now U.S. Pat. No. 5,953,
151, issued Sep. 14, 1999, which is a divisional of U.S.
application Ser. No. 08/598,077, filed Feb. 7, 1996, now
U.S. Pat. No. 5,828,485.

FIELD OF THE INVENTION

The present invention relates to a programmable light
beam shaping device. More specifically, the present inven-
tion teaches a control system and micromirror device which
can alter the shape of light beams passing therethrough, and
provide various effects to those shaped light beams.

BACKGROUND OF THE INVENTION

It is known in the art to shape a light beam. This has
typically been done using an element known as a gobo. A
gobo element is usually embodied as either a shutter or an
etched mask. The gobo shapes the light beam like a stencil
in the projected light.

Gobos are simple on/off devices: they allow part of the
light beam to pass, and block other parts to prevent those
other parts from passing. Hence mechanical gobos are very
simple devices. Modern laser-etched gobos go a step further
by providing a gray scale effect.

Typically multiple different gobo shapes are obtained by
placing the gobos are placed into a cassette or the like which
is rotated to select between the different gobos. The gobos
themselves can also be rotated within the cassette, using the
techniques, for example, described in U.S. Pat. Nos. 5,113,
332 and 4,891,738.

All of these techniques, have the drawback that only a
limited number of gobo shapes can be provided. These gobo
shapes must be defined in advance. There is no capability to
provide any kind of gray scale in the system. The resolution
of the system is also limited by the resolution of the
machining. This system allows no way to switch gradually
between different gobo shapes. In addition, moving between
one gobo and another is limited by the maximum possible
mechanical motion speed of the gobo-moving element.

Various patents and literature have suggested using a
liquid crystal as a gobo. For example, U.S. Pat. No. 5,282,
121 describes such a liquid crystal device. Our own pending
patent application also so suggests. However, no practical
liquid crystal element of this type has ever been developed.
The extremely high temperatures caused by blocking some
of this high intensity beam produce enormous amounts of
heat. The projection gate sometimes must block beams with
intensities in excess of 10,000 lumens and sometimes as
high as 2000 watts. The above-discussed patent applications
discuss various techniques of heat handling. However,
because the light energy is passed through a liquid crystal
array, some of the energy must inevitably be stored by the
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liquid crystal. Liquid crystal is not inherently capable of
storing such heat, and the phases of the liquid crystal, in
practice, may be destabilized by such heat. The amount of
cooling required, therefore, has made this an impractical
task. Research continues on how to accomplish this task
more practically.

It is an object of the present invention to obviate this
problem by providing a digital light beam shape altering
device, e.g. a gobo, which operates completely differently
than any previous device. Specifically, this device embodies
the inventor’s understanding that many of the heat problems
in such a system are obviated if the light beam shape altering
device would selectively deflect, instead of blocking, the
undesired light.

The preferred mode of the present invention uses a
digitally-controlled micromirror semiconductor device.
However, any selectively-controllable multiple-reflecting
element could be used for this purpose. These special optics
are used to create the desired image using an array of
small-sized mirrors which are movably positioned. The
micromirrors are arranged in an array that will define the
eventual image. The resolution of the image is limited by the
size of the micromirrors: here 17 um on a side.

The mirrors are movable between a first position in which
the light is directed onto the field of a projection lens system,
or a second position in which the light is deflected away
from the projection lens system. The light deflected away
from the lens will appear as a dark point in the resulting
image on the illuminated object. The heat problem is mini-
mized according to the present invention since the micro-
mirrors reflect the unwanted light rather than absorbing it.
The absorbed heat is caused by the quantum imperfections
of the mirror and any gaps between the mirrors.

A digital micromirror integrated circuit is currently manu-
factured by Texas Instruments Inc., Dallas, Tex., and is
described in “an overview of Texas Instrument digital micro-
mirror device (DMD) and its application to projection
displays”. This application note describes using a digital
micromirror device in a television system. Red, green and
blue as well as intensity grey scales are obtained in this
system by modulating the micromirror device at very high
rates of speed. The inventor recognized that this would
operate perfectly to accomplish his objectives.

It is hence an object of the present invention to adapt such
a device which has small-sized movable, digitally control-
lable mirrors which have positions that can be changed
relative to one another, to use as a light beam shape altering
device in this stage lighting system.

It is another object of the present invention to use such a
system for previously unheard-of applications. These appli-
cations include active simulation of hard or soft beam edges
on the gobo. It is yet another application of the present
invention to allow gobo cross-fading using time control,
special effects and morphing.

It is yet another object of the present invention to form a
stroboscopic effect with variable speed and intensity in a
stage lighting system. This includes simulation of a flower
strobe.

Yet another object of the present invention is to provide a
multiple colored gobo system which can have split colors
and rotating colors.

It is yet another object of the present invention to carry out
gobo rotation in software, and to allow absolute position and
velocity control of the gobo rotation using a time slicing
technique.

Another objective is to allow concentric-shaped images
and unsupported images.
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It is yet another object of the invention to provide a
control system for the micromirror devices which allows
such operation.

Yet another particularly preferred system is a shadowless
follow spot, which forms an illuminating beam which is
roughly of the same shape as the performer, and more
preferably precisely the same as the performer. The beam
shape of the beam spot also tracks the performer’s current
outline. The spot light follows the performer as it lights the
performer. This action could be performed manually by an
operator or via an automated tracking system, such as
Wybron’s autopilot.

Since the beam does not overlap the performer’s body
outline, it does not cast a shadow of the performer.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects will be readily understood with
reference to the accompanying drawings, in which:

FIG. 1 shows a single pixel mirror element of the pre-
ferred mode, in its first position;

FIG. 2 shows the mirror element in its second position;

FIG. 3 shows the mirror assembly of the present invention
and its associated optics;

FIG. 4 shows more detail about the reflection carried out
by the DMD of the present invention;

FIG. 5 shows a block diagram of the control electronics
of the present invention;

FIG. 6 shows a flowchart of a typical operation of the
present invention;

FIG. 7 shows a flowchart of operation of edge effects
operations;

FIG. 8A shows a flowchart of a first technique of follow-
ing a performer on stage;

FIG. 8B shows a flowchart of a correlation scheme; FIG.
8C shows a flowchart of another correlation scheme;

FIG. 9A shows a block diagram of a color projection
system of the present invention;

FIG. 9B shows a color wheel of the present invention; and

FIG. 10 shows a block diagram of the shadowless follow
spot embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The preferred embodiment herein begins with a brief
description of controllable mirror devices, and the way in
which the currently-manufactured devices operate.

Work on semiconductor-based devices which tune the
characteristics of light passing therethrough has been ongo-
ing since the 1970’s. There are two kinds of known digital
micromirror devices. A first type was originally called the
formal membrane display. This first type used a silicon
membrane that was covered with a metalized polymer
membrane. The metalized polymer membrane operated as a
mirror.

A capacitor or other element was located below the
metalized element. When the capacitor was energized, it
attracted the polymer membrane and changed the direction
of the resulting reflection.

More modern elements, however, use an electrostatically
deflected mirror which changes in position in a different
way. The mirror of the present invention, developed and
available from Texas Instruments, Inc. uses an aluminum
mirror which is sputter-deposited directly onto a wafer.

The individual mirrors are shown in FIG. 1. Each indi-
vidual mirror includes a square mirror plate 100 formed of
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reflective aluminum cantilevered on hollow aluminum post
on flexible aluminum beams. Each of these mirrors 100 has
two stop positions: a landing electrode, which allows them
to arrive into a first position shown in FIG. 2, and another
electrode against which the mirror rests when in its non-
deflected position. These mirrors are digital devices in the
sense that there two “allowable” positions are either in a first
position which reflects light to the lens and hence to the
illuminated object, and a second position where the light is
reflected to a scattered position. Light scattering (i.e. selec-
tive light reflection) of this type could also be done with
other means, i.e. selectively polarizable polymers, electroni-
cally-controlled holograms, light valves, or any other means.

The operation of the dark field projection optics which is
used according to the preferred micromirror device is shown
in FIG. 3. The two bi-stable positions of the preferred
devices are preferably plus or minus 10% from the horizon-
tal.

An incoming illumination bundle 305 is incident at an arc
of less than 20° on the digital micromirror device 320. The
illumination bounces off the mirrors in one of two directions
325 or 335 depending on the mirror position. In the first
direction 325, the position we call “on”, the information is
transmitted in the 0° direction towards lenses 330, 332
which focus the information to a desired location. In the
second direction of the mirror, the position we call “off”, the
information is deflected away from the desired location to
the direction 335.

The human eye cannot perceive actions faster than about
Va0 second. Importantly, the mirror transit time from tilted
left to tilted right is on the order of 10 ps. This allows the
pixels to be changed in operation many orders of magnitude
faster than the human eye’s persistence of vision.

Light source 300 used according to the present invention
is preferably a high intensity light source such as a xenon or
metal halide bulb of between 600 and 1000 watts. The bulb
is preferably surrounded by a reflector of the parabolic or
ellipsoidal type which directs the output from light source
300 along a first optical incidence path 305.

The preferred embodiment of the invention provides a
color cross-fading system 311, such as described in my pat.
No. 5,426,576. Alternately, however, any other color chang-
ing system could be used. This cross-fading system adjusts
the color of the light. The light intensity may also be
controlled using any kind of associated dimmer; either
electronic, mechanical or electromechanical means. More
preferably, the DMD 320 could be used to control beam
intensity as described herein.

The light beam projected along path 305 is incident to the
digital light:altering device embodied as DMD 320, at point
322. The DMD allows operations between two different
states. When the mirror in the DMD is pointed to the right,
the right beam is reflected along path 325 to projection/zoom
lens combination 330, 332. The zoom lens combination 330,
332 is used to project the image from the DMD 320 onto the
object of illumination, preferably a stage. The size and
sharpness quality of the image can therefore be adjusted by
repositioning of the lens. When the mirror is tilted to the
right, the light beam is projected along the light path 335,
away from projection lens 330/332. The pixels which have
light beams projected away from the lens appear as dark
points in the resulting image. The dark spots are not dis-
played on the stage.

This DMD system reflects information from all pixels.
Hence, minimal energy is absorbed in the DMD itself or any
of'the other optics. The device still may get hot, however not
nearly as hot as the liquid crystal gobos. Cooling 350 may


















