a9y United States

US 20020015305A1

a2 Patent Application Publication o) Pub. No.: US 2002/0015305 Al

Bornhorst et al.

43) Pub. Date: Feb. 7, 2002

(54) HIGH INTENSITY LIGHTING PROJECTORS

(76) Inventors: James M. Bornhorst, DeSoto, TX
(US); Timothy D. Stacy, Rowlett, TX
(US); Richard W. Hutton, Irving, TX
(US)

Correspondence Address:
David H. Judson

Hughes & Luce, L. L. P.
Suite 2800

1717 Main Street
Dallas, TX 75201 (US)

(21) Appl. No.: 09/892,121

(22) Filed: Jun. 26, 2001

Related U.S. Application Data

(60) Continuation of application No. 08/544,759, filed on
Oct. 18, 1995, which 1s a continuation of application
No. 08/122,777, filed on Sep. 16, 1993, now aban-
doned, which 1s a division of application No. 07/693,

366, filed on Apr. 30, 1991, now Pat. No. 5,282,121.

DRIVER
_

18 317
40 14 TO

“-. GATE

10 .
LAM 2 / 3
iR % 20
12 FILTER '\ Loup 16
CELL
37 PUMP
25

= - &

PROJECTION ’— RADIATOR

Publication Classification

(51)  Inte CL7 cooooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e F21V 9/00
(52) US.CL e 362/293; 362/294; 362/318;

362/264
(57) ABSTRACT

A high intensity light projector for stage, architectural and
similar applications includes a controllable 1mage quality
projection gate providing advanced visual effects. The pro-
jection gate, capable of selectively scattering or transmitting
incident light, may be constructed of an array of scattering
liquid crystal material 1n combination with infrared and
ultraviolet reduction means which provide 1n the high inten-
sity beam, a stable thermal environment by minimizing the
absorption of light by the projection gate. Additional thermal
cfficiency 1s provided by supplemental cooling means. Color
control 1s also provided in the form of dichroic filter wheels
forming cooperating adjustable low, high and band width
filters including saturation control. A color measuring feed-
back sensor 1s also provided. An intensity measuring feed-
back sensor controls a spatially-modulated, variable-density,
reflectively-coated dimming wheel. A programmable gobo
system has provisions for gobo selection, orientation, and
rotation.
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HIGH INTENSITY LIGHTING PROJECTORS

BACKGROUND
0001] 1. Field of Invention

0002] The present invention relates to light projectors
used for various illumination and lighting applications and
in particular to projectors that are used to obtain visual
cliects, light pattern generation and projection 1n stage
illumination and in architectural, display and similar appli-
cations.

[0003] 2. Background and Discussion of Prior Art

[0004] Lighting projectors, €.g., those used in stage light-
ing, are typically equipped with one or more control devices
for controlling intensity or focusing or dimensioning the
beam, changing 1ts color, or changing the beam’s direction.
Modern multiple parameter (automated) projectors include
controls for all of these parameters and more.

[0005] Although such projectors perform effectively in
many applications, they suffer from a number of limitations
which, 1f overcome, could greatly expand the visual effects
achievable by the lighting instruments and extend their
utility to other environments. To achieve such advances,
improvements are required 1n the beam forming mechanism,
in the projection of patterns, in the management of heat
associated with the light source, 1in the control of beam color,
and 1n the noise levels which derive from present cooling
techniques. To be effective, these improvements must func-
fion 1n a densely packed, compact and sometimes highly
mobile structure housing both very fragile optical and elec-
tronic components together with a light source capable of
producing oven-like temperatures. (An exemplary applica-
tion involving a nominal image size of 10 ft. by 10 ft. (100
square feet) calls for brightness in the neighborhood of 100
foot candles thus requiring the projector to produce about
10,000 Lumens.) Moreover, certain types of lighting instru-
ments go on “tour” and must withstand truck transport
abuses and the vagaries of the weather.

[0006] A number of lighting control applications call for
controllable beam shapes and patterns. Performance lighting
in stage productions, for example, often requires a variety of
different beam patterns and/or shapes. For this purpose, a
projection gate 1s often used to form the desired 1mage
across the beam of light. Typically, the projection gates are
embodied as shutters or etched masks that function like
stencils 1n the beam path to project a particular beam
coniiguration. Known arrangements, “gobos” for example,
often 1nclude rotary assemblies that incorporate several
pattern generating elements encircling the axis of rotation,
along with a drive mechanism for rotating a selected pattern
into the beam path.

[0007] In such arrangements only a limited number of
patterns are available, there 1s no grey scale, and resolution
1s also limited. Another inherent limitation in this type of
system, assoclated with its dependence on physical motion,
1s the rapidity with which a desired pattern can be selected
and 1implemented.

[0008] Arrays of liquid crystal pixels are potentially useful
as projection gates because of their electro-optic etfect, and
because a virtually unlimited number of high resolution
images may theoretically be synthesized quickly and easily.

Feb. 7, 2002

[0009] Such liquid crystal arrays can be used to create
images by selectively placing each individual pixel of the
array 1n a relaxed (light blocking) state, or in an aligned
(light transmitting) state, or in a state intermediate between
the two extreme positions according to a “grey scale”.
Selection of a grey level may be obtained by controlling the
voltage or other control stimuli that 1s applied to the pixel,
thus controlling the alignment or transmissivity of the asso-
cilated liquid crystals. Over certain ranges there 1s a predict-
able relationship between the applied control stimulus and
the extent of alignment among the liquid crystals in the
pixels, thus providing grey scale control. Whether used in
this manner or 1n a two-state, on-ofl mode, pixellated liquid
crystal arrays have the potential to be used 1 a “light valve”
capacity to create a complete picture across a beam of light.

[0010] Pixels in an array of liquid crystals may be rela-
tively densely packed thus offering opportunities for higher
resolution and transmission efficiency. Also, they may be
individually controlled by an addressing scheme capable of
selectively placing each pixel of the array 1n a desired state.
Thus a virtually limitless range of 1mages may be rapidly
varied. In many applications pixels are arranged 1n a row and
column configuration and activated by applying a potential
to a particular control element associated with each of the
pixels. Alternatively, a multiplex or other addressing scheme
can be employed to reduce the number of elements neces-
sary to address the pixels. Both active and passive matrices
may be utilized.

[0011] Certain types of liquid crystal arrays have been
previously used with some success 1n 1mage projection
applications. Arrays of twisted nematic liquid crystal
(INLC) have been used and have provided several advan-
tages over other image forming techniques. However, TNLC
devices typically require pre-polarization of incident light.
Since a polarizer has to be placed 1n the optical path to
polarize the light before 1t reaches the TNLC gate, there 1s
a loss of intensity of more than fifty percent before 1t even
reaches the array. In high intensity projectors for stage
lighting and the like, this loss 1s far beyond acceptable
levels.

[0012] There have been efforts to address the light loss
problem. An improved method of 1lluminating a TNLC light
valve with linearly polarized light 1s discussed 1n “Large-
screen Projection Displays II” by Willilam P. Bleha, Jr.
(S.P.LE. Vol. 7255, 1990). The disclosed method for con-
verting unpolarized light into linearly polarized light 1s said
to double the intensity realized by conventional polarizers.

[0013] The disclosed polarization method uses a polariza-
tion convertor consisting of a polarizing beam splitter, a
polarization direction rotator and a synthesizer to signifi-
cantly improve the illumination efficiency. The polarizing
beam splitter separates the incident light into two mutually
perpendicular linearly polarized beams (transmitted p-po-
larized light and reflected s-polarized light). The polariza-
tion direction rotator effectively recaptures much of the light
that was lost 1n previous polarizing systems by rotating the
polarization direction of the p-polarized light ninety degrees
to equalize both polarization directions. Thereafter, the two
components of the light are combined on the liquid crystal
by the synthesizer.

[0014] The polarization convertor may ultimately provide
a conversion efficiency approaching 100%. However, reflec-




US 2002/0015305 Al

fion and absorption losses in the polarization convertor
components, plus the losses 1n the contrast-enhancing sheet
polarizer, presently result 1n an overall 20% loss of intensity
as the unpolarized light 1s converted to a linearly polarized
beam.

|0015] There are other formidable barriers in addition to
excessive light loss. Conventional polarizers typically asso-
cilated with liquid crystal arrays lose light intensity through
an absorption process. Unfortunately, absorption converts
light energy into heat causing the temperature of the gate and
surrounding optics to rise to intolerable levels. In perfor-
mance and display applications, where projector tempera-
tures can reach combustible levels, this process of heat
absorption causes a thermal buildup which would greatly
exceed the temperature limits of the liquid crystal array.

[0016] Various cooling techniques have been proposed
which have attempted to alleviate the destructive thermal
cilects of radiant energy absorption. U.S. Pat. No. 4,739,396
to Gilbert Hyatt, particularly columns 50 through 62 of this
patent, discusses numerous cooling techniques which have

been proposed for use 1n light projectors. See also U.S. Pat.
No. 4,763,993 1ssued to James H. Vogeley, et al.

[0017] Cooling by forced air is thought to be effective in
some applications because 1t 1s theoretically transparent to
incident light and does not reduce the amount of transmis-
sion. Unfortunately however, heat dissipation techniques
which depend on fan operation and other forced air cooling,
techniques can create noise levels which make this tech-
nique unacceptable for many performance and display appli-
cations. Air cooling also exposes optical elements to atmo-
spheric contaminants which can compromise optical clarity
and cause other problems.

[0018] Other heat control arrangements for use in lamp
environments are known which might serve to protect a
liquid crystal gate. For example, improvements in the main-
tenance of a stable thermal environment 1n stage projectors
have also been proposed by providing a heat exchanger that
circulates a cooled fluid through a component of the lamp
system for additional cooling. The cooled fluid acts 1n a heat
sink capacity to absorb heat and conduct 1t away from the
heat intolerant devices.

0019] These and related techniques for improving the
thermal environment of an optical projector system have
been described by George Izenour in U.S. Pat. Nos. 4,843,
529 and 4,890,208. In those references, a multi-layer dielec-
tric interference filter, otherwise known as a dichroic “hot
mirror, and a liquid cell are placed in the light path between
the light source and the mechanical projection gate to
remove energy 1n the 1nfrared region from the beam of light.
The hot mirror aids the process of inirared {iltering by
reflecting “near” infrared energy having wavelengths 1n the
range of about 700 to 1500 nanometers while passing light
in other regions. The water 1n the liquid cell 1s effective 1n
absorbing the “far” infrared energy in the 1.5 to 10 microme-
ter region that 1s not reflected by the dichroic filter. The
water cell 1s effective because 1t displays good transmission

characteristics for energy having shorter wavelengths (i.e.,
visible light).

10020] The combination of the infrared-absorbing liquid
cell and the infrared-reflecting “hot mirror” removes infra-
red radiation from the beam before it reaches the projection
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ogobo. This process reduces the heating effects of the mfrared
energy and results 1n an overall increase 1n the temperature
stability of the optical apparatus.

[0021] These and other methods of cooling which can
include combinations of radiation, convection, and conduc-
fion have been employed 1n reducing the heating effects in
some lighting applications. However, the practical utility of
these techniques to protect heat absorbing, temperature
sensifive liquid crystal light valves 1n the oven-like envi-
ronment of a high-intensity projector, has not been demon-
strated.

[0022] Because of these environmental obstacles and the
loss of substantial light through the use of polarizers, the full
potential of liquid crystal optics 1n the projection fields of
interest has not heretofore been realized.

[0023] A second class of liquid crystal devices is available
which will scatter, rather than absorb 1ncident light while 1n
a blocking mode. These scattering liquid crystal arrays thus
offer the potential for use 1n high-intensity projectors having
high heat environments.

[10024] Descriptions of liquid crystal devices that will
scatter incident light are found 1n U.S. Pat. No. 4,671,618 to
Wu et al. and U.S. Pat. No. 4,688,900 to Doane et al. These
patents disclose the use of Polymer Dispersed Liquid Crystal
(PDLC) arrays which are essentially microdroplets of nem-
atic liquid crystals dispersed 1n a polymer matrix. The PDLC
material 1s formed by a process known as phase separation.
This type of device will scatter incident light when the light
encounters a mismatch between the indices of refraction at
the media boundaries that are encountered by the light
traveling through the matrix. This occurs when the liquid
crystals are 1n a non-aligned state; the mismatch at the
boundary of the polymer matrix and liquid crystal material
causes the incident light to be reflected, refracted, and
thereby scattered.

[10025] A similar type of scattering material is described in
U.S. Pat. No. 4,435,047, to James L. Fergason, which
discloses a liquid crystal material encapsulated 1n a contain-
ment medium. This device allows for transmission of 1nci-
dent light when the 1indices of refraction are matched and the
liquid crystals 1n the capsules are 1n an ordered alignment.
Scattering or absorption of incident light results from the
mismatch of the indices of refraction and the distorted or
curvilinear alignment of the liquid crystals in the contain-
ment medium.

[0026] When light-scattering liquid crystals are placed in
an ordered state, e€.g., by application of an electric field, the
incident light traveling 1n a direction parallel to the electric
field will encounter a virtual match between the indices of
refraction at the interface of the liquid crystals and the
matrix. The matched indices allow for unimpeded transmis-
sion of the incident light in this ordered state. (Thermal,
magnetic, optic and other energy sources may also serve to
control the alignment of the liquid crystals in an array.) Over
a range, the degree of transmission 1s proportional to the
intensity of the applied field, thus affording a grey scale
mode of operation.

[0027] In addition to offering the ability to scatter rather
than absorb incident light, light scattering gates offer the
vitally important property of not requiring pre-polarization
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of the light incident upon the projection gate. This eliminates
a light mtensity loss which 1s prohibitive for many applica-
fions.

[0028] Although there 1s reduced absorption of light in the
visible region, the absorption characteristics for these light
scattering gates are not as favorable at longer wavelengths.
They are thus subject to thermal damage from absorption of
infrared energy 1n the high-intensity environment of certain
projectors. Accordingly, unless provided with an effective
cooling technique, the resolution, speed and image forming
abilities of scattering liquid crystal arrays can not be
exploited 1n the environment of high-intensity production
lighting devices.

[0029] It is accordingly an object of the invention to
provide a thermally protected lighting projector gate having,
the resolution, programmability and response time of a
liquid crystal array.

[0030] It is a further object of the invention to provide a
light projection system which exploits the considerable
advantages of light-scattering liquid crystal arrays while
protecting such arrays from heat damage.

[0031] It is a further object of the invention to provide
precise beam pattern control for use in lighting and anima-
tfion applications by utilizing a dynamically variable projec-
fion gate with a diverse assortment of patterns for high speed
image projection.

[0032] Yet another object of the invention is to provide
improved projector cooling techniques that provide more
stable thermal environments thereby permitting a broader
range of beam control devices to be used in high intensity
light projectors. Improved cooling to minimize the potential
discomfort that 1s ordinarily experienced by a performer
under bright lights 1s another object.

[0033] A further object of the invention is to create inno-
vative and unusual visual lighting effects by jointly and
individually utilizing a dynamically variable liquid crystal
projection gate and a gobo unit.

[0034] An additional aim of the invention is to provide a
lighting projector that operates 1n a closed environment,
thereby 1improving reliability, decreasing the risk of con-
tamination and reducing the noise emanating from the
system.

[0035] Another goal of the invention is to provide color
control assemblies capable of controlling color parameters
in a graduated manner 1n order to accommodate the special
characteristics of human color perception.

[0036] A further object of the invention is to provide
improved color control systems employing feedback sup-
plied by a beam spectrum sensor.

[0037] It is another object of the invention to provide
improved gobo utilization including a wider range of effects
incorporating both static and dynamic patterns.

[0038] Another object of the invention is to provide
improved dimming means coupled with an intensity level
feedback sensor.

[0039] Other objects and advantages of the invention will
become apparent 1n the description which follows.
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SUMMARY OF THE INVENTION

[0040] Generally, one aspect of the invention comprises a
light projection system for lighting applications having one
or more light projectors which include 1mage forming
means, at least one of the projectors comprising: (1) a light
beam source for generating a beam having an intensity
suitable for lighting applications; (2) a projection gate
located to modulate the beam and having an addressable
array of light-scattering liquid crystal pixels capable of
assuming transparent and opaque states; (3) a heat manage-
ment system for protecting the array of liquid crystals from
the heat generated by the beam; and (4) a source of image
control signals connected to the array to control the states of
the pixels to vary the image projected by the beam.

[0041] Another aspect of the invention features an image
projection system comprising: (1) a light beam source for
generating a beam; (2) a beam modulation system including,
an addressable array of light scattering liquid crystal pixels
capable of assuming transparent and opaque states; (3) a
heat sink for the array comprising a liquid cell in thermally
conductive relationship to the array; and (4) a source of
image control signals connected to the array to control the

states of the pixels to thereby vary the image projected by
said beam.

[0042] Yet another aspect of the invention relates to color
control and contemplates a light projection system {for
lighting applications having one or more light projectors
which include beam color control means, the projectors
comprising: (1) a light beam source for generating a beam
having an intensity suitable for lighting applications; (2) a
set of color filter elements transposable relative to the beam;
and (3) certain of the color filter elements comprising
variable dichroic filtering materials configured such that
filter cutofl and cut-on wavelengths are adjustable by posi-
tioning said elements.

10043] Inone form the filter elements are circular elements
in which the hue parameters vary circumferentially and
saturation varies 1n the radial direction. Thus rotation
through the beam varies hue while orthogonal movement
laterally of the beam axis effects saturation control.

10044] According to a further feature of the invention, the
color control system includes a color responsive feedback
clement such as a linearly variable band pass filter function-
ing as a spectrum analyzer which 1n conjunction with a
photodiode array or other suitable transducer, measures
beam color and supplies accurate color measurement signals
to a color controller. This permits precise color matching
among luminaires.

[0045] According to another aspect of the invention, gobo
selecting means are combined with gobo orientation control
means to produce a selection of gobo effects involving both
programmably oriented static patterns and the dynamic
rotation of those patterns.

[0046] According to a further aspect of the invention, an
intensity control system includes an intensity feedback
transducer, and a dimming wheel having a spatially-modu-
lated, variable-density, reflective coating applied thereon,
cooperating with a local control system to produce specified
output intensity levels.
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BRIEF DESCRIPTION OF DRAWINGS

[0047] A more complete understanding of the present
invention may be had by reference to the following Detailed
Description with the accompanyimng drawings, wherein:

10048] FIG. 1 1s a schematic side elevation view of the
interior of a light projector showing certain features of the
mvention;

10049] FIG. 2 is a schematic view of a portion of a liquid
crystal array illustrating various states of liquid crystal
droplets contained 1n a polymer matrix;

[0050] FIG. 3 1s a schematic view of an embodiment of a
liquid crystal (L.C) projection array and an infrared absorb-
ing and conductive cooling liquid cell assembly;

10051] FIG. 4 1s a schematic plan view of a programmable

light-scattering, active-matrix projection gate for use in the
systems of FIGS. 1 and 7;

10052] FIGS. 5 and 5A are schematic side sectional and
perspective views, respectively, of an embodiment of the LC
projection array and liquid cell assembly;

[0053] FIG. 6 is a schematic side sectional view showing
an alternate embodiment of a LC projection array and liquid
cell assembly;

[0054] FIG. 7 1s a schematic side elevation view of a part
of the interior of a light projector showing the preferred
optical system thereof;

10055] FIG. 8 is a plan schematic view which illustrates
one of the color filters forming the color control system of
the 1ivention;

10056] FIG. 8A is a plan schematic view which illustrates
the dot density of the color filters forming the saturation
control system of the mvention;

10057] FIG. 8B is a plan schematic view which illustrates
the spatially-modulated, variable-density, reflectively coated
dimming wheel of the invention;

[0058] FIGS. 9A through 9G comprise a set of spectral
fransmission curves 1llustrating certain properties of the
color wheel system of the invention; and

10059] FIG. 10 is a schematic plan view of an alternate
embodiment of a programmable rotatable gobo wheel
assembly.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0060] As shown in FIG. 1, a light projector system
includes a lamp 10 and a reflector 12 that cooperate to focus
a beam of light 50 upon a programmable light pattern
generator or projection gate 14 containing a liquid crystal
array and immersed 1n a filter/coolant liquid cell 20. The
light source 10, e.g., a high intensity, 1000 Watt arc lamp,
emits radiant energy over a band including visible, infrared,
and ultraviolet which is then collected by the reflector 12 and
directed as a beam of unpolarized focused light 50 to the
programmable 1mage generator 14.

[0061] The pixels of the latter are energized via a driver 18

which 1s controlled in turn by the lighting control system 44
which may be of the type shown 1n U.S. Pat. No. 4,980,806
to Taylor et al., incorporated herein by reference.
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[0062] o filter energy in the “near” infrared region (hav-
ing wavelengths between visible light and “far” infrared)
before those wavelengths reach the sensitive projection gate
14, a multi-layer dielectric interference filter 32 may be
placed between the projection gate 14 and lamp 10. The filter
32 1ncorporates an optical thin film exhibiting dichroic
properties that are chosen to reflect near-infrared while
transmitting the shorter, visible wavelengths.

[0063] A lens system such as 16 is provided to collect the
light that 1s transmitted straight through, and modulated by,
the gate 14 and to project the resultant 1mage.

Projection Gate

[0064] The programmable light pattern generator 14 is
comprised of an array of liquid crystal pixels capable of
scattering light 1n one mode and transmitting light in another
mode. One type of scattering material suitable for such an
array 1s nematic liquid crystals dispersed mn a polymer
matrix. The resultant i1s referred to as Polymer-Dispersed
Liquid Crystals (PDLC). Nematic curvilinear aligned phase
(NCAP) liquid crystals, liquid crystal polymer composites
(LCPC), nematic-cholesteric liquid crystal diplays (NC-
L.CD), and polymer network liquid crystal displays (PN-
L.CD) would also be suitable. Also, a TN system that reduces
ir susceptibility and polarization losses sufficiently, and
employs LC systems with appropriate properties, may sui-
fice for some applications.

[0065] Pixel elements comprised of nematic liquid crys-
tals dispersed m a polymer film can be individually driven
to one of several states. In one state, light incident at a
narrow angle about the perpendicular will be transmitted
through the pixel element, and will then be collected by the
lens system 16 for projection. In another state, transmission
of mcident light 1s effectively prevented by utilizing the
reflective and refractive properties of light traveling through
interfaces with mismatched indices of refraction to scatter
the mcident light. A grey scale 1s obtained by placing the
liquid crystals 1n intermediate states of alignment by control
of the energizing signal, thus controlling the amount of
transmissivity of light straight through the pixel.

[0066] As shown in FIG. 2, the gate array comprises
liquid crystal droplets 41 dispersed in a polymer matrix 42,
which 1s positioned between two transparent plates 14a and
14b, containing an active matrix 14e (FIG. 4). The control
clements 14d, one for each pixel, each apply the proper drive
voltage to its respective pixel 14¢ from a signal source V.

[0067] The liquid crystal materials used in PDLC arrays
have two 1ndices of refraction, measured along perpendicu-
lar axes. The extraordinary index of refraction, n_, 1s mea-
sured along the liquid crystal’s long axis, and the ordinary

index of refraction, n_, 1s measured along an axis perpen-
dicular to the axis of n_. Additionally, the polymer matrix
containment medium has an index of refraction, n,, that is
matched to the extraordinary index of refraction, n_. (In
some cases n, is matched to n,.) By controlling the relative
values of these refractive indices, incident light 1. may be
transmitted or scattered depending upon whether the light
encounters matched or mismatched indices of refraction as
it travels through the interfaces of the polymer matrix/liquid
crystal combination.

[0068] When in the transmissive state, (as schematically
indicated on the right side of FIG. 2) more than 90 percent
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of the light that 1s mcident upon the pixels will be trans-
mitted at a narrow angle about the perpendicular.

[0069] Alternatively, when a pixel 1s placed in its light
blocking or scattering state (as indicated on the left side of
FIG. 2), the liquid crystals are in a random alignment and
the extraordinary index of refraction, n_, 1s no longer aligned
in the direction of light propagation. The light will exit the
projection gate 1 a random fashion with respect to the
surface of the element as suggested by the dashed vectors,
and 1s no longer a narrow focused beam; “straight-through”
transmission thus 1s effectively prevented. It should also be
noted that there 1s a significant amount of “back scattering”

in addition to the expected “forward scattering”.

[0070] Although over 90 percent of the light will pass
through the pixels when they are 1n a scattering mode, 1t will
not be collected for projection by the lens assembly 16 due
to the wide scattering angles (both forward and reverse).
Thus transmission of light 1s effectively and controllably
reduced without utilizing an absorption process that would
damage the projection gate.

[0071] For many applications, it is preferred to control the
range of 1ndex matching in the pixels from an exact degree
of matching to a maximum degree of mismatch. As a
consequence, the light will be nearly completely transmatted
in one state, partially transmitted in the intermediate states,
and dispersed to such an extent in the off state as to put the
pixel 1n an opaque condition.

0072] Insome applications it will be sufficient to operate
the pixels 1n just the two end states, transparent and opaque,
to provide an on-off mode.

[0073] It is preferable to design the gate to provide high
confrast ratios, €.g., ratios of about 100:1 or greater.

[0074] The composition of the liquid crystal and polymer
composite used 1n the projection gate 14 and the electrical
characteristics of the active matrix control elements will
determine the signal (amplitude, frequency and timing), and
power requirements of the gate driver system used to vary
pixel excitation over a range from ftransparent through
opaque. The liquid crystal matrix must have the proper
clectrical characteristics so that the voltage drop occurs
primarily across the liquid crystal material 41, rather than
across the polymer matrix material 42. Active matrices are
described 1n many patents and publications. See e.g. U.S.

Pat. No. 4,818,981 to Oki et al.

[0075] Depending on the liquid crystal and polymer com-
posite used 1n forming the array, the control parameters can
establish that the picture elements are 1n a clear state having
an ordered alignment (perpendicular transmissive mode)
under normal conditions with no energy applied, and 1 an
opaque state having a random alignment (oblique transmis-
sive mode) with the application of the appropriate electrical
signal; or vice versa. The former type of array 1s known as
“reverse mode” and 1s particularly desirable 1n applications
that require the liquid crystal material to return to a clear
state when power 1s lost.

[0076] Some alternate ways of controlling the alignment
of the pixels 1n an array include the use of thermal, magnetic
or electromagnetic (including optical) excitation as control
stimuli. In particular applications, these methods may be
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suitable for incorporation as alternate embodiments 1n order
to control the alignment of the liquid crystals.

[0077] To provide the appropriate control signal, the elec-
tronic driver circuit 18, FIGS. 1 and 4, typically receives a
video signal from the lighting controller 40 and selectively
energizes individual elements of the array in accordance
with the input video pattern by selective application to the
appropriate rows and columns, M1 and M2 (FIG. 4),
respectively. As a consequence, the desired 1mage 1s created
across the projection gate 14 and modulates the light beam
which is then collected and projected by the lens system 16.

[0078] Following the techniques taught in U.S. Pat. No.
4,980,806, video frames may be stored as cues, ¢€.g., locally
in the lamp, and supplied as directed to the gate to produce
animated and real-time type 1maging. A single frame can
also be manipulated through processing to produce multiple
variations. Alternatively, a video communication link can be
employed to supply continuous video from a remote source.

[0079] The driver circuit 18 preferably accepts video
signals that are represented by digital logic control signals,
which are transmitted either serially or in parallel, and 1s
typically designed as a microprocessor-compatible periph-
eral device meeting the interface requirements of the liquid
crystal array 14.

[0080] Depending on the application, the gate elements
may be arranged in various configurations, €.g., in a 100x
100 element array containing 10,000 individual pixels and
the associated electrical connections for application of the
drive signal to each. Using a row and column matrix
arrangement, 200 electrical connections could be used to
access each of the pixels in a 100x100 element array by way
of the associated active element. In this manner, the 1mage
data can be sent down the columns 1n order to activate the
desired pixels activated row by row.

[0081] Active matrices are obtainable from Optical Imag-
ing Systems of Troy, Mich.. Specific driver designs will
depend on the characteristics of the gate. For illustrative
features see e.g., the drivers SED1180F, 1181F, 1190F and
1191F marketed by S-MOS Systems Inc. of San Jose, Calif.

[0082] In some cases, a matrix technique utilizing Plasma
addressing may be appropriate 1 lieu of conventional
activematrix addressing techniques thereby eliminating the
neced for control eclement 14d. Plasma addressing 1is
described by Thomas S. Buzak in “A New Active-Matrix
Technique Using Plasma Addressing” (S.1.D. 90 Digest pp.
420-423). The technique replaces the active matrix required
to access each pixel with plasma-containing channels and
offers a broad drive voltage range with means for accurately
placing that voltage at a selected pixel. The broad voltage
range provided by plasma addressing allows LC materials
requiring a large drive voltage to be placed 1n a selected state
according to the desired grey level.

[0083] Plasma addressing simplifies display fabrications
by replacing the conventional TFT control elements (14d)
with a selectively conductive channel of confined gas. The
array 1s therefore comprised of drivers for accessing pixel
columns, similar to a conventional addressing scheme, and
a plasma channel for each row to latch the column video
data. The transmissivity of an individual pixel 1s controlled
by applying a data signal to the pixel by means of 1ts column
driver and by controlling the conductivity of the gas con-
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tained 1n the associated channel. Plasma, a highly conduc-
five 1onized gas, completes the electrical circuit between the
data line and ground. Thus, the signal on the data column
will only excite the liquid crystals 1n the pixel when the gas
1s 1n 1ts conducting, plasma state.

|0084] A preferred embodiment of the present invention
for high performance applications includes a 200x200 ele-
ment PDLC array in an active matrix, the unit being con-
ficured as the projection gate of a light projector that is
constructed as a three square inch “window”. Where more
modest 1maging performance 1s acceptable, the gate may
comprise an array of 35x35 pixels. Even with this reduced
resolution, 1image variety and speed are markedly superior to
mechanically controlled gobos.

[0085] For a more comprehensive description of PDLC
technology see Liquid Crystals-Applications and Uses, Vol-
ume 1, edited by B. Bahadur and published by World
Scientific Publishers, New Jersey, 1990. (A detailed discus-
sion of PDLC technology is found in Chapter 14).

[0086] An informative description of PDLC materials and
manufacturing processes useful 1n producing a preferred
gate can also be found 1n U.S. Pat. No. 4,673,255 1ssued to
Doane, West et al.

Temperature Control

[0087] The operation of a projection array comprised of a
liquid crystal and polymer composite 1s temperature depen-
dent. Projection gates formed of this materal, e.g., PDLC,
offer maximum transmission only for a speciiic range of
temperatures, so maintaining the projection gate within a
stable operating temperature range 1s important.

|0088] The infrared and ultraviolet energy that would be
absorbed by a light scattering L.C gate from the beam of a
high intensity light source such as 1000 watt arc lamp, 1s
substantially greater than the LC material can tolerate.
Accordingly, the projection unit shown in FIG. 1 includes a
heat control system which incorporates infrared filtering
control mechanmisms 20, and 32 to mitigate the rise 1n
temperature and thereby prevent thermal destruction of the
optical elements. Filtering control mechanism 32 also serves
to absorb ultraviolet energy that would chemically alter the
liquid crystal display.

Liquid Cell

[0089] For dealing with long wavelength infrared (“far”
infrared) the system includes a liquid filled cell 20 contain-
ing water and/or another appropriate fluid such as ethylene
glycol. As seen 1n F1G. 3, the cell 1s formed of two parallel,
spaced transparent walls 22 and 24 orthogonal to the beam
axis. Side walls, not shown, and top and bottom plates 244
and 24b complete the enclosure. The liquid in cell 20
absorbs infrared energy from the beam 50, while providing
excellent transmission characteristics at shorter, wvisible
wavelengths.

[0090] Removal of heat from cell 20 1s accomplished by
circulating liquid through cell 20 via an inlet 24¢ and an
outlet 24d, F1G. 3. These are connected 1n a line 31, FIG.
1, of a thermostatically-controlled liquid circulating system
including a pump 25, flow control switch 30 and radiator 26.
The latter may preferably be cooled by convection. A
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thermostatically-controlled, low-noise fan 28 located to
avold 1ntrusive noise may be used for some applications.

[0091] The flow switch 30 may also be instrumented to
sense the flow of liquid so that, should the pump fail or the
system develop a leak, this condition may be sensed and
signalled to an attendant. Alternatively, the sensed condition
may cause the lamp 10 to be automatically extinguished to
protect the array 14 and other optical devices before any
thermal problems develop.

[0092] As a further measure, an expansion chamber may
be provided as part of the circulation system which can be
placed relatively remote from the cell to accommodate
hydraulic pressure surges within the liquid system and
thereby reduce the risk of leaks.

[0093] The coolant system which may employ ethylene
oglycol or a mixture of it and water, serves to prevent
excessive temperatures 1n both the filtering liquid cell 20 and
in the gate 14 immersed therein. A hot mirror 36 on the
incident face of the gate provides additional temperature
control. The assembly 1s also provided with anti-reflective
coatings 35 on the interior of front window 22, back window
24 and the liquid interface of gate plate 14b to increase
transmission efficiency.

Alternate Cell/Gate Construction

[10094] A preferred embodiment of the gate/liquid cell is
shown in FIGS. 5 and 5A. It comprises a first sealed
cylindrical chamber 60 for containing the infrared absorbing
liquid 64, preferably optically clear ultra-pure water. A
flanged cylindrical, flexible boot 62, preferably of silicon
rubber, forms the peripheral boundary of a sealed chamber
60 having end faces formed by transparent front and rear
windows 88 and 85. The silicon boot 62 provides for
expansion and contraction as the water chamber volume
varies with temperature.

[0095] The front and rear windows 88, 85 of the cell 60,

clamped 1n place with the aid of retainer clips 80, may be
comprised of a fused quartz material and are preferably of a
minimum thickness consistent with structural needs.

[0096] Surrounding the filtering chamber 60 is a second
annular chamber 66 suitable for containing a coolant 68, and
providing for maximum heat transfer between the liquid 64
in the cell 60 and the coolant 68 1n chamber 66. The coolant
chamber 66 1s defined by the cylindrical boot 62, forming its
interior periphery and an outer cylinder 72, with flanges 81,
as shown 1n F1G. 5. This arrangement provides a mechanism
for the transfer of heat absorbed by the water 64 from the
infrared absorbing process, out of the liquid cell chamber 60
transterred across the boot 62 boundary to the secondary
fluid or coolant 68.

[0097] Means are provided for circulating the coolant 68
through the coolant chamber 66. For this purpose, the
coolant 1s circulated through the chamber 66 by means of the
mnput and output channels 65 and 67, the former being
connected to the output of a radiator, such as 26, FIG. 1, so
that the temperature of the liquid crystal display 1s main-
tained.

[0098] In addition to cooling the liquid cell, the coolant
provides cooling of the projection gate array 79 having a
front glass 78 and a rear glass 88. This 1s achieved by placing
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the matrix assembly 1n thermal contact with the liquid in the
filtering chamber 60 thus accessing the coolant. To this end,
the rear glass of the projection gate can be formed as the
front window 88 of the liquid cell. Additionally, anti-
reflective coatings 87 can be placed on the front and rear
surfaces of the liquid cell/projection gate assembly as shown
in FI1G. 5. This 1s done to minimize mterface mismatches
and thus reduce surface reflections as light passes from one
medium to another.

[0099] The sealed nature of chamber 60 of the liquid cell
minimizes turbulence and maintains the transparency of the
water to preserve the clarity of an image formed 1n the beam
by the liquid crystal array. When mounted 1n a panning and
filting head assembly suitable for use as an automated stage
lighting 1nstrument, the liquid subsystem will be filled to an
extent to maintain the requisite clarity with no appreciable
turbulence or bubbles within the cell.

0100] An alternate embodiment of the gate/cell assembly
1s shown 1n FIG. 6. As illustrated, the infrared absorbing
liquid 1s contained 1n a cylindrical enclosure 110 defined by
a cylindrical peripheral wall 115 and transparent, planar
front and rear windows 112 and 131. A helical channel is
formed 1n cylindrical wall 115 and is covered by an outer
sleeve 123 to define a coolant path 122 having inlet and
outlet ports 120 and 121. The resultant coolant flow 1s
designed to provide additional temperature stability.

[0101] Communicating with the chamber 110 1s an expan-
sion chamber 125 which includes a duct 133 extending into
chamber 110. The transparent face 112 of the unit includes
a light scattering array 111 sandwiched between the trans-
parent plates 112 and 113. The array may be of any of the
forms previously described. The coolant 1n chamber 110
may be selected such that its index of refraction matches the
index associated with the front and rear walls 112 and 131.

10102] The preferred embodiment of the optical system of
the present invention 1s illustrated m FIG. 7. The disclosed
“fold back mirror” assembly offers several benefits. In
addition to solving problems of space constraints, this con-
figuration offers additional surfaces which may be utilized
by the infrared and ultraviolet filtering assembly. By apply-
ing “cold mirror” coatings to certain of the reflective sur-
faces, additional infrared energy may be removed from the
beam of light.

[0103] In this embodiment, the projector lamp assembly
200 includes a lamp 201, such as a Phillips MSR series arc
lamp, which 1s energized from a lamp supply 202 controlled
via a local processor 285 from the system controller 203.
These system components may be of the type shown in
previously mentioned U.S. Pat. No. 4,980,806. The lamp
supply 202 and other electronic components are cooled via
coolant lines 202a and 202b connected to the coolant
system.

10104] Lamp 201 is mounted in a reflector assembly 204
having a reflective surface 209 and a coolant chamber 205
with an inlet 206 and outlet 207. Coolant 1s circulated

through the chamber via these ports under control of the
coolant system previously described.

[0105] As an alternate embodiment, the reflector assembly
may have an exterior cold mirror coating on surface 209 and
an 1nirared absorbing surface applied to the interior distal

surfaces 205A and 205B of chamber 205. Infrared light
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incident on the cold mirror 1s transmitted through it and 1s
then partially absorbed by the coolant in chamber 205 and
partially by the infrared absorbing surface on its walls.

[0106] The beam projected from projection assembly 200
1s 1incident on a cold mirror and liquid coolant unit 210
having an interior coolant chamber 211 which 1s connected

to the coolant circulating system via inlet port 212 and outlet
port 213.

[0107] The mirror includes a glass substrate 216 on which
1s deposited a multi-layer dielectric interference filter 2185,
which reflects light 1n the visible spectrum while passing
infrared and ultraviolet wavelengths. Infrared energy pass-
ing through the filter 2135 1s partially absorbed by the coolant
in chamber 211 and partially by the infrared absorbing
surface 214 mounted on the back of the mirror assembly.
This surface too 1s the beneficiary of the heat conduction
provided by the circulated coolant. The ultraviolet energy 1s
absorbed partially by the glass substrate 216.

[0108] The projected beam reflected from mirror unit 210
1s converged on a color control assembly 221. Although
arrays of liquid crystal pixels can be used to create multi-
color projected 1mages, relatively complex multi-path opti-
cal systems are normally required. To avoid this expense and
complication and some of the tradeofls 1t requires, it is
preferred to generate a single color beam through the use of
dichroic filters and to concentrate the resultant filtered
monochromic (single color) light on the projection array.
This approach i1s desirable because the combination of
dichroic filter features (discussed in a following section) has
been found to yield extraordinary color control.

[0109] The color wheel assembly embodying these fea-
tures 1ncludes three color wheels 220A, 220B and 220C that
offer a continuous range of colors around their circumier-
ence (see also FIG. 8). Under control of the system con-
troller 203, each of the three wheels may be rotated to a
position corresponding to a particular set of color param-
cters. This permits smooth fades and other continuous
variations not achievable 1n conventional assemblies,

including variations in color center (hue) and color band
width (saturation) of the light beam.

[0110] Each color wheel comprises a variable, all dielec-
tric dichroic filter that allows light of particular bands of
wavelengths (corresponding to particular colors) to pass
while reflecting the light at other wavelengths. This variable
thickness multi-layer optical thin film 1s designed to mini-
mize absorbance and to operate at high optical power
densities. Its composition includes layers of dielectric mate-
rials having different indices of refraction and thickness,
these parameters being varied over the filter surface to
produce continuously variable spectral responses.

[0111] Constructing the color wheels out of all dielectric
materials provides significant benefits over metal-dielectric
designs; namely, high power through-put with minimal
absorbance and greatly enhanced environmental rugged-
ness. See “Optical Thin Films Users’ Handbook™ by James
D. Rancourt, published by Macmillan, and in particular
section, 3.7.3 and sections 4.4.2 through 4.4.5. Color wheels
of the type described herein can be obtained from Optical
Coating Laboratory Inc. of Santa Rosa, Calif.

[0112] The first color wheel 220A may be a variable short
wave pass “edge” filter transmitting light of shorter wave-
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lengths and attenuating light of longer wavelengths. As
shown m FIG. 9A, this filter tends to pass light having
“blue” wavelengths, and the cut-off wavelength can be
variably extended continuously by rotating the wheel to a
position having a different, e.g., longer cut-off wavelength
such that the edge effectively slides along the wavelength

axis, passing light having longer wavelengths (greens and
reds).

[0113] The second wheel 220B may be a variable long
wave pass edge {filter transmitting light of longer wave-
lengths and attenuating light of shorter wavelengths with a
variable cut-off wavelength. As shown 1n F1G. 9B, this filter
passes light having “red” or long wavelengths, and here too
the cut-off wavelength can be continuously varied, e.g., by
rotating the wheel to a position having a shorter cut-off
wavelength such that 1t will pass light having shorter wave-
lengths (greens and blues).

[0114] The third wheel 220C, may be a variable band-

reject filter that will stop wavelengths within a band defined
by a variable upper and lower wavelength, and will pass
light outside of this wavelength band. As shown 1n F1G. 9C,
as the third wheel 1s rotated the stop band effectively slides
along the wavelength axis.

[0115] The three-wheel system constitutes a complex vari-
able filter system that offers significant improvements 1n
color control. As shown 1n FIGS. 9D, K and F, additional
variations are obtained by controlling the color density, e.g.,
by a half tone, or dot density, or other technique, as shown
in FIG. 8A, to provide continuously variable saturation
radially from the inner region to the perimeter of each wheel,
and by providing displacement means for progressively
translating the color wheels out of the beam to expose these
different saturation values to the beam. This feature, con-
trolled by controller 203, F1G. 7, provides saturation control
of the color whereby the ability to control the amount of
white light that 1s mixed with the color 1s obtained.

0116] In the preferred embodiment, the filters are con-
tinuously variable dichroic, all dielectric elements.

0117] An illustrative combined effect of all three wheels
1s shown 1n FI1G. 9G which depicts the remaining spectral
energy after 3 stages of subtractive filtration of a white light
beam.

[0118] Each of the three wheels can be fabricated from a
disk having a circular aperture 152 1n the center thereof, with
a clear area 154 around the mner edge of the disk adjacent
to the central aperture 152 as shown 1 FIG. 8A, the clear
arca 154 offering no color filtration. The wheels can be
translated across the beam path to position the central
aperture 152 1n the beam path to eliminate color filtration,
and to eliminate any light loss due to reflection or absorp-
tion. The wheels can also be translated across the beam path
to position the color filter area corresponding to the desired
level of color density or saturation in the beam path.

[0119] The areas of maximum saturation, being fabricated
near the periphery of the color filter wheels (as shown in
FIG. 8A), is positioned such that a light beam of a given
diameter incident upon the wheel 1ntercepts a portion of the
color filter having a more narrow range of hue variation than
a light beam of the same diameter incident upon a corre-
sponding area of lesser saturation. Therefore, maximum
saturation and mimimum range of hue variation throughout
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the beam diameter 1s achieved near the periphery of the color
filter wheel. Translating the color filter wheel across the
beam path, such that the light beam intercepts the wheel at
a position closer to the center of the wheel, increases both
the amount of unfiltered light passing through clear regions
formed by the dot density pattern, and increases the range of
hue variation within the beam diameter as the beam subtends
a greater angle upon the wheel, thereby decreasing the
saturation of a given hue.

[0120] Each color filter wheel is further fabricated to
include an encoder pattern 150 (FIG. 8A) at the periphery
of the wheel. When read by an appropriate detector/decoder,
the encoder pattern 150 enables detection of a change 1n
angular position. A two-track quadrature encoder pattern as
shown 1n FIG. 8A, when combined with an appropriate
counter/timer circuit and an index point, allows local pro-
cessor 285 to determine absolute angular position and rota-
tional velocity from incremental angular position and direc-
tion of rotation signals. Alternatively, an absolute position
encoding scheme would allow the local processor to deter-
mine absolute angular position and rotational velocity more
directly by well-known techniques utilizing multiple sensors
and multiple-bit digital encoding. Each color filter wheel
may be mechanically coupled to a “rim-drive” arrangement
acting upon the periphery of each wheel to control angular
positioning of the wheel, as shown i FIG. 7.

[0121] Following the color control unit 221, along the
optical path 1s a field stop 225 which blocks stray light. An
optional integrating lens 230 homogenizes any color varia-
tion across the beam.

[0122] The beam then passes through a color wheel 275
(optional, discussed hereinafter) and then through a colli-
mating lens 235 after which it 1s reflected from a folding
mirror 236. This arrangement serves to direct substantially
parallel light rays on the liquid crystal material of the
projection array to maximize transmission efficiency and to
achieve a suitable optical path profile. The mirror 236 can be
in thermal contact with an additional cooling chamber (not
shown) connected in the circulating system.

[0123] The preferred embodiment of the projection gate
240 1s the LC array of FIG. 5. Additionally gate 240 may for
some applications be moveable 1n and out of the light path
under control of a solenoid or motor M1. This feature
extends the lifetime of the LC array by removing it {from the
light path while not 1n use. Further, 1t reduces light loss when
the projector 1s 1n other modes.

[0124] In certain applications, particularly when using
crystal arrays of minimum resolution, dramatic visual effects
can be achieved by the incorporation of a gobo wheel which
modulates the beam along with the LC gate. For this
purpose, the system may include gobo wheel 251 which via
motor MG provides a number of fixed patterns or other
optical effects arranged around a common axis and one of
which 1s selected by rotating the motor MG under control of
system controller 203. The selected pattern may further be
rotated to a desired orientation within the beam by motor
MO. Additionally, one of the positions of the gobo wheel
presents a clear aperture to the beam. The gobo wheel 251
and the LC gate 240 can be used in combination with one
another or independently from one another in moditying the
beam for the formation of images. If the LC array 1s to be
used alone, the gobo wheel 1s driven to its clear position.
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(Alternatively, it may be retracted away from the optical
axis.) Similarly, if the gobo wheel is to be used alone, the LC
array 14 1s displaced out of the beam path.

[0125] Following image generation, the optical system
includes a relay lens 250 and a contrast aperture 255. The
contrast aperture stops all non-parallel light scattered by the
projection gate that 1s incident on the relay lens to improve
the contrast ratio of the projected image.

[0126] A zoom lens system 260 controlled via motor M2
1s provided at the exit of the projector and 1s controlled by
system controller 203 to provide focus and magnification
selection. Additionally, an intensity control iris 265 may be
incorporated 1n the system and controlled by the system
controller 203 which drives motor M3. In some applications,
a separate drive motor may be provided for each of the zoom
clements.

[0127] The projection assembly is controlled in pan and
f1lt by the servo drives P and T. The assembly may be
contained 1n a sealed housing 270. This technique helps to
preserve the sterile environment of the projector and limits
the noise that may be generated by various moving compo-
nents. Further cooling can be accomplished by constructing
the lamp housing 270 of the lighting system as a double wall
system that carries coolant, acts as a heat sink that convects
and radiates heat away from the projector.

Intensity Control

[0128] An alternate mechanical dimming means for con-
trolling the intensity of the beam output may take the form
of a transparent disk having a reflective coating whose
reflectivity varies along an appropriate path on the disk. The
reflectivity along the path 1s varied, for example, by varying
the density of a dot pattern 1n the manner described with
respect to FIG. 8A for color wheels 220A, 220B, and 220C.
The density variation and its locus are preferably selected to
achieve a smooth, linear change 1n intensity while also
facillitating a quick transition from blackout to full bright-
ness. Thus, as shown m FIG. 8B, the path may be 1n the
form of a dimming wheel 222 having a spirally varying
reflectivity. The wheel 222 may be fabricated to include a
central aperture 226 for passing undimmed, full intensity
light. The variable density dot pattern formed as a light-
attenuating reflective coating may begin with a clear area
adjacent the aperture 226, and proceed with increasing
density, and therefore increasing reflectivity, 1n a spiral path
toward the periphery of the wheel, as shown 1in FIG. 8B. The
outer region, near the periphery of the wheel, reflects all of
the light incident thereon, thereby dimming the beam to zero
intensity.

[0129] By conjointly rotating the wheel and translating the
wheel across the beam path, the beam 1s made to intercept
the wheel at various points along the spiral path such that the
intensity level can be smoothly controlled. Slow fades may
be controlled very smoothly, especially at the low intensity
end of the spiral path, owing to the gradual increase in the
density of the reflective coating. Careful design of the dot
pattern improves the linearity of a fade over what can be
achieved with a dimming iris, since linear movement of an
ir1s actuating arm produces non-linear change in intensity,
especially as the 1r1s approaches the zero-intensity or fully-
closed end of travel.

Feb. 7, 2002

[0130] By quickly translating the wheel across the beam
path with little or no rotation of the wheel, the intensity level
can be quickly changed from zero to full, or from full to
zero, by bypassing the graduated density areas disposed
along the spiral path. By following the spiral path, a con-
trollable 1ntensity ratio of up to 10,000:1 may be achieved.

[0131] The dimming wheel 222 is rotatable and translat-
able relative to the beam path. The dimming wheel 222 may
be mechanically coupled to a “rim-drive” arrangement act-
ing upon the periphery of the wheel to control angular
positioning of the wheel, as shown 1n FIG. 7. Additionally,
the dimming wheel can be fabricated to include an encoder
pattern as discussed with respect to color filter wheels 220A,
220B, and 220C. In this manner, when the encoder pattern
1s read by an appropriate detector/decoder, the encoder
pattern enables detection and processing of a change in
angular position.

[0132] Alternatively, the dimming means may be formed
on a linear strip having a reflective coating whose reflec-
fivity varies along its length. The retlectivity of the linear
strip 1s varied by varying the density of a dot pattern in the
manner described above. The linear strip provides a smooth,
linear change 1n intensity as it 1s moved laterally across the
beam path By making use of a suitable durable flexible
substrate,the linear strip dimming means could be wound
upon two spools disposed on either side of the beam path.
Thereafter, the dimming strip may be rolled or un-rolled

across the beam path to control the output intensity of the
luminaire.

Intensity Feedback

[0133] A light-sensitive electrical device, such as a photo
diode or other suitable transducer can be used to sample the
beam after it has been subjected to dimming by an intensity
control mechanism, and provides intensity feedback signals
to the local processor 285 for intensity control. In one
embodiment, shown 1n FIG. 7, the intensity feedback device
224 1s positioned to sample the intensity of light after the
intensity control wheel 222. The intensity feedback arrange-
ment allows a luminaire to produce a specified level of
illumination. Intensity feedback may be selectively disabled
in the operating system software controlling the local pro-
cessor, for example 1n instances 1n which the feedback
sensor might be 1n the shadow of a gobo or other projected
Image.

Color Matching

[0134] A problem which arises in some applications
involves color mismatch between luminaires. Lamp color
calibration can vary with lamp type and can also change with
fime making 1t difficult to achieve precise color match
among the luminaires of a system. To address this problem,
the system according to the invention includes a color sensor
or spectrum analyzer 280 for quantifying beam color. It 1s
implemented with a linear variable filter 280a, FIG. 7,
which 1s located to sample the beam after it has been
subjected to coloring by the beam color system 221. For this
purpose, 1t may be located to receive a sampled portion of
the beam which passes through an aperture 2364 of mirror

236.

[0135] The linear variable filter, which may be of the type
marketed by Optical Coating Laboratory, Inc. under the




US 2002/0015305 Al

mark Selectraband (TM), provides a band pass filter having
a center frequency which varies linearly with spatial posi-
tioning. It can be combined with a suitable ic photo diode
array 280b to produce a composite signal indicative of the
beam’s spectrum. This output can be processed as closed
loop feedback, for example, by a local dedicated micropro-
cessor Up or shared microprocessor 285 which can also
supply the measured color data to the system controller. The
local or remote color controller circuits of the system can
thus control the color system to produce a specific color
condition. This provides the means for obtaining absolute

color accuracies of the projected beams and also enables
compensation for differences in the light source. Each lumi-

naire 1s thus able to reproduce a desired color more precisely,
even 1f the spectral output of the light source changes over
fime. A group of several luminaires 1s also able to reproduce
the same color more accurately, even 1f the spectral output
of the several light sources varies from source to source at
a given moment.

Additional Sequential Color System

[0136] If real-time full color images are desired, they may
be obtained with the present single-path optical system by
sequentially illuminating the projection array with a plural-
ity of primary colors, €.g. red, green and blue. A mono-
chrome system normally utilizes a frame rate of approxi-
mately 25 to 30 images per second to achieve the 1llusion of
continuous motion with virtually no flicker. In order to
obtain sequential full-color operation, the frame rate of the
present system 1s increased to three times the flicker rate,
with each frame consisting of three 1mage fields, one for
each of the three primary colors (e.g., red, green and blue).

10137] During each frame, the projection array, e.g., array
79 of FIG. 5, 1s addressed with the video imformation
corresponding to the 1mage field for the first of the primary
colors and 1s then illuminated with that selected primary
color. As a result, the projection array will project the video
information for the image field of the first primary color
during a first interval of the frame period. Thereafter, during
a second 1nterval, the projection array 1s addressed with the
video 1information corresponding to the next image field and
the array 1s illuminated with the light for the second primary
color. This process 1s then repeated for the third primary
color. According to this procedure, the red, green and blue
image fields are projected 1n sequence for each frame. The
full color moving 1mage results as the human eye integrates
cach of the primary colors together.

[0138] 'To obtain each of the primary colors required for
sequential full-color operation, a dedicated tri-color wheel
assembly 275, FIG. 7, can be included 1n the color control
unit. Each sector of the wheel 275 1s a dichroic filter that
passes light of certain wavelengths, corresponding to a
desired color. The dedicated color wheel can serve to
simplify the color filtration operation necessary 1n achieving
a sequential full color system. Similar to the operation of the
three color wheels 220A, 220B, 220C disclosed above, the
dedicated tri-color wheel 275 can be translatable out of the
optical path to eliminate color filtration. (Note also that a
white beam of '3 brightness could be obtained by spinning
the wheel and not modulating the gate. Further, when a
single color beam 1s needed, e.g., blue, the sequential system
will have an intensity %5 that of a dedicated filter system). A
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sequential color liquid crystal display system 1s found for
example 1n U.S. Pat. No. 4,843,381 1ssued 1n the name of
Yair Baron.

Programmable Rotatable Gobo Wheel

[0139] A preferred embodiment of the gobo wheel 251,

discussed with respect to FIG. 10, offers improvements in
the automated orientation of gobo patterns. To this end, a
oobo carrier 325 supporting a set of individual gobo units
330 about 1its periphery may be rotated by a motor MG
controlled by a Gobo Select System 390 to position a
selected one of the gobos 330 at a site 361 within the path
of the light beam passing through the gobo assembly.

10140] Carrier 325 may be controlled by an open or closed
loop analog, digital or hybrid motor control system which 1s
constructed and controlled by the lamp mechanisms and

lighting controller of previously cited U.S. Pat. No. 4,980,
806.

[0141] The orientation of each gobo unit 330 is also
variable and adjustable. For this purpose, the gobo wheel
assembly 325 includes a sun gear 345 which engages gobo
ogears 335 mcorporated around the periphery of each gobo
unit. Sun gear 345 1s controlled by a Gobo Orientation
Controller 391. It too may embody any of the drive systems
used 1n the Gobo Select System. In either or both systems,
position, velocity and related parameters such as accelera-
fion may be utilized.

[0142] Since the sun gear 345 engages all gobo gears 335
all the time, rotating any one gobo causes all gobos to rotate.
By rotating gobo carrier 325 and sun gear 345 at the same
time and by different numbers of degrees of angular dis-
placement, any selected gobo can be rotated by the sun gear
to a desired orientation as it 1s being placed 1n projection
cgate site 361 by the gobo carrier. The selected gobo can
further be rotated continuously or intermittently as desired
while 1n the projection gate. The speed and direction of
rotation of a gobo can also be controlled.

[0143] At least one orientation of the sun gear relative to
the gobo carrier will result 1n the gobo which is positioned
in the projection gate being 1n an “upright” orientation. In a
preferred embodiment, there will be at least as many such
orientations of sun gear relative to gobo carrier resulting in
upright orientations of the gobos as there are gobos,
achieved by careful selection of gear ratios between sun gear
and gobo gears. All of the gobos can be 1nstalled while the
sun gear and gobo carrier are fixed 1n one such orientation
so that subsequently the orientation of the gobos may be
accurately and predictably controlled. When the gobo carrier
and sun gear are rotated by an equal number of degrees of
angular displacement and 1n the same direction of rotation,
ogobos are exchanged with the upright orientation main-
tained. By rotating the sun gear a certain number of degrees
relative to the gobo carrier, the orientations of the gobos are
altered a corresponding number of degrees. By rotating the
sun gear a certain number of degrees more or less than the
oobo carrier 15 rotated, gobos are exchanged and their
orientation altered at the same time. Alternatively, by careful
selection of gear ratios between sun gear and gobo gears, the
oobo carrier may be rotated while the sun gear 1s held
motionless, and the selected gobo “rolls” into position
assuming the desired orientation as it comes to rest in the
projection gate. With speed control applied to the motor
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MG, the “rolling” effect may be used to creative advantage
in the design of animated lighting effects.

[0144] The disclosed gobo assembly and system offers
accurate, flexible and independent control of a wide range of
beam pattern effects, both static and dynamic for incorpo-
ration 1n lighting cues. By selecting continuous or intermit-
tent gobo rotation unusual and dramatic visual effects can be
achieved.

What 1s claimed 1s:

1. A light projection system for lighting applications
having one or more light projectors which include image
forming means, said one or more projectors comprising:

(1) a light beam source for generating a beam having an
intensity suitable for lighting applications;

(2) a projection gate located to modulate said beam and
having an addressable array of light scattering liquid
crystal pixels in an essentially non-absorptive optical
environment, said pixels being capable of assuming
transparent and opaque states;

(3) a heat control system for protecting said array of liquid
crystals from the heat generated by said beam; and

(4) a source of image control signals connected to said
array to control the states of said pixels to vary the
image projected by said beam.

2. An 1mage projection system comprising:

(1) a high intensity light beam source for generating a
beam;

(2) a beam modulation system including an addressable

array of light scattering liquid crystal pixels capable of
assuming transparent and opaque states and positioned
to modulate unpolarized light transmitted 1n said beam;

(3) a heat control system for said array including a heat
sink 1n thermally conductive relationship with said
array; and

(4) a source of image control signals connected to said
array to control the transmission states of said pixels to
thereby vary the 1image projected by said beam.

3. A system according to claims 1 or 2 mcluding beam
color control means for controlling the color of the beam
modulated by said liquid crystal array.

4. A system according to claims 1 or 2 1n which said heat
control system includes a liquid cell.

5. A system according to claims 1 or 2 in which said
system 1ncludes means for diverting radiant energy in the
infrared range or the ultraviolet range from said array.

6. A system according to claims 1 or 2 1n which said
system 1ncludes a dielectric interference filter having dich-
roic properties for protecting said array from potentially
damaging radiant energy.

7. A system according to claim 1 including an essentially
scaled housing enclosing said light projectors.

8. A system according to claims 1 or 2 including a hot
mirror positioned between said beam source and said array.

9. A system according to claims 1 or 2 in which at least
certain of said liquid crystal pixels comprise nematic liquid
crystal materials dispersed 1n a polymer matrix.

10. A system according to claims 1 or 2 including a folded
optical system to reverse the direction of said beam.
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11. A system according to claims 1 or 2 in which said heat
control means includes a liquid circulation system.

12. A system according to claims 1 or 2 m which said
liquid crystal pixels comprise liquid crystal material selected
from the group comprising polymer dispersed liquid crys-
tals, nematic curvilinear aligned phase liquid crystals, liquid
crystal polymer composites, and polymer network liquid
crystals.

13. A system according to claims 1 or 2 1n which said heat
control system does not depend on forced air circulation
whereby silent operation 1s achieved.

14. A system according to claims 1 or 2 including a
programmable gobo control system for imposing additional
modulation of said beam.

15. A system according to claims 1 or 2 1n which the
transparency of said liquid crystal pixels can be adjusted
over a range of values to provide gray scale effects.

16. A system according to claims 1 or 2 including (1) a
primary color generator for filtering said beam to repeti-
tively produce three primary colors 1n succession for 1llu-
minating said array, (2) means for controlling said liquid
crystal pixels to produce video images corresponding to
cach of said primary colors 1in synchronism with the 1llumi-
nation of said array with said primary colors, whereby said
beam 1s modulated with said colored video 1mages.

17. A system according to claims 1 or 2 mcluding;:

(1) a carrier for supporting a plurality of gobos;

(2) means for controlling said carrier to position one of
said gobos 1n said beam; and

(3) means for varying the angular orientation, velocity,
and direction of a selected gobo, whereby the generated
beam pattern can be adjusted by both gobo pattern
selection and orientation of the selected gobo.

18. A system according to claims 1 or 2 1n which said
array 1ncludes an active matrix coupled to said source of
image control signals.

19. A system according to claims 1 or 2 including a color
control system for adjusting the color of said beam, said
color control system including a plurality of cooperating
dichroic filter elements, each of said elements having adjust-
able filter characteristics capable of selective positioning 1n
said beam.

20. A light projection system for lighting applications
having at least one light projector which includes beam color
control means, said projector comprising:

(1) a light beam source for generating a beam having an
intensity suitable for lighting applications;

(2) a set of color filter elements movable in position
relative to said beam:;

(3) certain of said color filter elements comprising con-
tinuously variable dichroic filtering materials such that
beam hue 1s adjustable according to the position of said
clements.

21. A system according to claim 20 in which at least one
of said color filter elements 1s capable of movement 1 two
directions relative to the beam axis to provide both hue and
saturation control.

22. A system according to claim 20 1n which said color
filter elements constitute variable color band width, variable
color center filters.
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23. A system according to claim 20 1 which said color
filter elements exhibit variable dichroic properties 1n a rotary
direction so that transmission of one band of wavelengths
and reflection of others 1s continuously selectable.

24. A system according to claim 20 in which certain of
said color filters elements are 1n a subtractive relationship.

25. A system according to claim 20 including a color
control system for moving said filter elements, said control
system including color responsive feedback means for sens-
ing beam color.

26. A system according to claim 20 1n which said filter
clements are essentially devoid of elemental metallic com-
ponents.

27. A system according to claim 20 1n which said filtering
materials include a plurality of multi-layer dielectric thin
films having different optical properties.

28. A system according to claim 20 1n which said filtering
materials have spatially variable density to facilitate satura-
tion control.

29. A system according to claim 20 1n which said filtering
materials mnclude a plurality of dielectric films which are
continuously graduated with differing thickness, density or
refractive 1ndex spatially distributed to produce continu-
ously variable hue and saturation.

30. A light projection system for entertainment lighting
having at least one light projector which includes beam color
control means, said projector comprising:

(1) a light beam source for generating a beam having an
intensity for entertainment lighting;;

(2) a controllable color filter for adjusting the color of said
beam;

(3) a spectrum-indicating feedback device responsive to
the adjusted beam and having an output indicative of
which of a plurality of colors characterize the adjusted
beam; and

(4) a controller responsive to said feedback device and

arranged for controlling said filter.

31. A system according to claim 30 in which said feed-
back device mncludes a dichroic filter having a plurality of
wavelength-indicating outputs, and photoresponsive means
coupled to each of said outputs such that the photorespon-
sive means collectively indicate beam spectral properties.

32. A system according to claim 30 in which said color
filter comprises a set of variable band width, variable base

band filters.
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33. A system according to claim 30 1n which said color
filter elements exhibit variable dichroic properties in a rotary
direction so that selective transmission of one color wave-
length and reflection of others 1s possible.

34. An 1image projection system comprising:

(1) a light beam source for generating a beam;

(2) a beam modulation system including a carrier for
supporting a plurality of gobos;

(3) means for controlling said carrier to position one of
said gobos 1n said beam; and

(4) means for varying the angular orientation, velocity,
and direction of a selected gobo, said means for varying,
engaging said plurality of gobos simultaneously,
whereby the generated beam pattern can be modulated
by simultaneously adjusting both gobo pattern selec-
tion and orientation of the selected gobo.

35. A system according to claim 4 1n which said liquid cell
includes a flexible membrane separating a scaled inner
chamber from an outer chamber through which fluid coolant
1s circulated.

36. A light projection system for lighting applications
having one or more light projectors, said one or more
projectors comprising;:

(1) a light beam source for generating a beam having an
intensity suitable for lighting applications;

(2) a folded optical system to reverse the direction of said
beam, said optical system including at least one fold
back mirror having heat control means for producing a
relatively cool light beam.

37. A light projection system for lighting applications

having at least one light projector which includes beam
intensity control means, said projector comprising:

(1) a light beam source for generating a beam having an
intensity suitable for lighting applications;

(2) a controllable dimming means for adjusting the inten-
sity of said beam;

(3) an intensity-indicating feedback device responsive to
the adjusted beam and having an output indicative of
the 1ntensity level of the adjusted beam; and

(4) a controller responsive to said feedback device and
arranged for controlling said dimming means.
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