8/137007 A1 I AT 0O 0RO RO

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization ‘, | [I

) IO O T O T 5O

International Bureau

(43) International Publication Date
13 November 2008 (13.11.2008)

(10) International Publication Number

WO 2008/137007 Al

(51) International Patent Classification:
F21S 8/00 (2006.01) GO3B 21/00 (2006.01)
GO2B 6/42 (2006.01) F21Y 101/02 (2006.01)
GO2B 27/00 (2006.01)

(21) International Application Number:
PCT/US2008/005574

(22) International Filing Date: 30 April 2008 (30.04.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/799,098 30 April 2007 (30.04.2007) US
(71) Applicant (for all designated States except US): WHITE-
ROCK DESIGN, LLC [US/US]; 7054 Casa Loma Av-

enue, Dallas, Texas 75214 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): HOUGH, Thomas, A.
[US/US]; 7054 Casa Loma Avenue, Dallas, Texas 75214
(US).

(74) Agents: MUNCK, William A. et al.; Munck Butrus
Carter, P.C., 600 Banner Place, 12770 Coit Road, Dallas,
Texas 75251 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(81)

(34)

[Continued on next page]

(54) Title: OPTICAL SYSTEM WITH ARRAY LIGHT SOURCE

Fig. 16

(57) Abstract: An optical system (1600), projector and method are provided that include a projection gate (1660) between a light
source array (1620) and a projection lens (1670). The projection lens projects an image of the projection gate. A relay lens group
& (1630) between the light source array and the projection gate prevents the projection lens from projecting an image of the light source
& array. A lamp housing (1640) is provided for use with a projector housing (1660). The lamp housing includes a light source array
and a relay lens group located between the light source array and a projection gate in the projector housing. An illumination source
O (1900) for optical fibers (1918) is provided that includes a relay lens group (1930) between a light source (1920) and a coupling
(1924) in a housing (1902). The relay lens group prevents an image of the light source from being formed at input ends (1922) of

optical fibers positioned in the coupling.



WO 20087137007 A1 {0000 0000010000 00

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments



WO 2008/137007 PCT/US2008/005574

OPTICAL SYSTEM WITH ARRAY LIGHT SOURCE

TECHNICAL FIELD

[0001] The present invention relates generally ¢to
optical systems and more particularly to an optical

system having an array light source.
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BACKGROUND
[0002] Spot luminaries, such as stage lighting
instruments, nightclub lighting instruments and the 1like
having motorized subsystems operated by remote-control

means are commonly referred to as "moving lights" or

"automated luminaires.” Among these are two dgeneral
varieties: spot luminaires and wash luminaires. Spot
luminaires are similar to the "profile spot" or

ellipsoidal reflector spotlight commonly used in
theaters, and provide a hard-edged beam of light. This
kind of spotlight has a gate or aperture at which wvarious
devices can be placed to define the shape or profile of
the 1light beam and has a projection optical system
including one or more objective lens elements. A spot
luminaire projects an image of the brightly-illuminated
gate aperture, including whatever light-shaping, pattern-
generating, or image-forming devices might be placed
there. Wash luminaires are similar to the "Fresnel Spot"
luminaire, which provides a soft-edged, ill-defined beam
that can be wvaried in size by moving the lamp and
reflector towards or away from the lens. This kind of
wash light has no gate aperture and projects no image,
but projects only a soft-edged pool of light shaped by
whatever lens or lenses are mounted over the exit
aperture of the luminaire.

(0003] The development of a spot luminaire having a
fully cross-fadeable color mixing system and that is
capable of projecting a smooth and uniformly colored beam
of 1light has long been a goal of many 1lighting
manufactures. Although many efforts have been made to
develop such luminaires, each of these efforts has failed
to achieve the desired (goals. A more detailed

description of such efforts can be found in U.S. Patent
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incorporated by reference.

[0004] Typical prior art spot luminaires, and some
particular problems associated with them are now
discussed with reference to FIGURES 1-6. When
referencing the attached figures, like numerals are used
to describe like structures when appropriate.

[0005] Turning first to FIGURE 1, a typical prior art
spot luminaire projection optical system is generally
indicated by the numeral 10. The optical system 10
includes a lamp 15 and a concave reflector 17. Together
the lamp 15 and concave reflector 17 comprise a 1light
source 20. The optical system 10 also includes a field
stop/projection gate 25, a 1light pattern generator 26,
and a projection lens 30. The light exits the projection
lens 30 and travels over a distance 32 to a distant
projection surface 35. For simplicity, the distant
projection surface 35 can be considered to be at least
six meters (twenty feet) from the projection lens 30. It
should be noted that the outer “zigzag” boundary lines
between the reflector and lens of this figure represent

(4

“edge rays,” which show the outer boundaries of the path
of the 1light from the 1light source 20 as it travels
through the optical system from left to right. This
convention applies to all figures incorporated herein.
Of course, a single ray of light travels in a straight
line unless being reflected or refracting through a lens.

[0006] As shown in FIGURE 1, the light source 20 can
be thought of as illuminating an object 38 (here shown as
an up-right arrow) Jlocated at the projection gate 25.
The object 38 can simply be an aperture formed in the

field stop/projection gate 25, or the object 38 can be a
light pattern generator 26 which is located at the



WO 2008/137007 PCT/US2008/005574

10

15

20

25

30

4

projection gate 25. An image of the projection gate 25
(or the light pattern generator 26 contained therein) is
projected onto the distant projection surface 35. The
image of the object 38 is shown by an inverted arrow 40
located on the distant projection surface 35.

[0007] The basic optical system which 1is shown in
FIGURE 1 will project a polychromatic (white) beam of
light. While a white beam of light is useful in many
cases, the development of a smooth and uniformly colored
beam of 1light has long been a goal of many lighting
manufactures. One of the easiest ways to impart color to
a beam of light is through the use of simple absorptive
color filters as described below.

[0008] Turning now to FIGURE 2, the use of absorptive
color filters, or “gels”, to impart color to a beam of
light 1is described. Here a typical prior art spot
luminaire projection optical system is indicated by the
numeral 50. The basic structure of the spot luminaire
projection optical system 50 is the same as the optical
system 10 described above with reference to FIGURE 1.
However, in addition to the previously described
structures, the optical system 50 also includes an
absorptive color filter medium or gel 55 which is shown
to the right of the projection lens 30. Since the gel
55 1is larger then the projection 1lens 30, the 1light
exiting the spot luminaire 50 passes through the gel 55.
The result 1is a uniformly colored image 40 of the
projection gate 25 and the 1light pattern generator 26
contained therein.

[0009] Referring now to FIGURE 3, the use of dichroic
filters to impart color to a beam of light is described.
Here a typical prior art spot luminaire projection

optical system is indicated by the numeral 60. The basic
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structure of the spot luminaire projection optical system
60 is the same as the optical system 10 described above
with reference to FIGURE 1. However, in addition to the
previously described structures, the optical system 60
also includes a dichroic filter 65. The dichroic filter
65 is typically positioned near the projection gate 25,
and can therefore be much smaller than corresponding gel
filters of the same color. Due to their small size, it
is possible for a number of dichroic filters 65 to be
positioned on a wheel hub and rotated into the beam of
light, allowing for rapid color changes. All of the
light exiting the spot luminaire 60 passes. through the
dichroic filter 65, resulting in a wuniformly colored
image 40 of the projection gate 25 and any light pattern
generator 26 contained therein.

[(0010] Turning now to FIGURE 4, a variable density
patterned dichroic color filter wheel 70 1is described.
Variable density patterned dichroic color filter wheels
70 such as this have been employed in some prior art spot
luminaire projection optical systems. When a color
filter wheel 70 is used, it will typically be positioned
between the concave reflector 17 and the projection gate
25 (as shown in FIGURE 5). As shown best in FIGURE 4,
the density of the pattern etched onto the color filter
wheel 70 varies radially around the wheel 70. FIGURE 4
shows the beam of 1light 75 passing through the color
filter wheel 70 as a circle. When the variable density
patterned dichroic color filter wheel 70 is rotated, the
saturation 1level of the beam’s color will increase or
decrease, depending on the position of the wheel 70 in
relation to the beam 75.

[0011) As Dbest shown by FIGURE 4, the patterned

dichroic color filter wheel 70 is patterned with a number
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of fingers 77. The thickness of each finger 77 varies
radially around the wheel 70. The saturation of the

color in the projected beam 75 depends on the wheel’s
location in relation to the beam 75. For example, when
the wheel 70 is positioned so that the beam of light 75
passes through the clear portion of the wheel 70 (as
shown in FIGURE 4) the projected beam will be white.

(0012] Turning now to FIGURE 5, a prior art spot
luminaire projection optical system 80 which incorporates
a single patterned dichroic color filter wheel 70 is
shown. The basic structure of the spot 1luminaire
projection optical system 80 is similar to the optical
system described above with reference to FIGURE 1.
However, in addition to the previously described
structures, the optical system 80 also includes a single
patterned dichroic color filter wheel 70. The patterned
dichroic filter wheel 70 is positioned near the
projection gate 25 to ensure that the wheel 70 is as
small as possible. Since the pattern 77 1is located
adjacent to the 1light pattern generator 26 and the
projection gate 25, the pattern 77 etched onto the color
filter wheel 70 is visible in the projected beam of
light, and will be imaged on the distant projection
surface 35. The visibility and imaging of the pattern 77
is undesirable as the projected beam of light will not be
smooth and uniformly colored.

[(0013] In an attempt to ameliorate this problem, a
diffusing optical element 85 (FIGURE 6) can be placed in
the beam path. The diffusing optical element 85 can be
positioned between the patterned color filter media 70
and the projection gate 25. The diffusing optical
element 85 serves to blur the image of the pattern 77

etched onto the color filter wheel 70. The effect 1is
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window; the detail (in this case the pattern 77 etched
onto the color filter 70) is not discernable.

[0014] FIGURE 6 shows a prior art spot luminaire
projection optical system 90. The basic structure of the
spot luminaire projection optical system 90 is similar to
that of optical system 10 which was described above with
reference to FIGURE 1. However, 1in addition to the
previously described structures, the optical system 90
also includes a patterned color and dimming apparatus 95
(consisting of cyan, yellow, and magenta color wheels and
a patterned dimmer wheel) and a diffusing optical element
85. Although the beam of 1light will be uniformly
colored, the diffusing optical element 85 will scatter
light out of the projection lens system 30. This results
in a loss o0f energy in the projected beam, which is
undesirable. The light rays being scattered outside of
the projection lens 30 are indicated by the numeral 97.

[0015] The present invention was principally motivated
by a desire to address the above-identified issues.
However, the invention is in no way so limited, and is
only to be limited by the accompanying claims as
literally worded and appropriately interpreted in

accordance with the Doctrine of Equivalents.
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SUMMARY

[0016] Aspects of the invention may be found in a
projection optical system that includes a light source
array, a projection gate, a projection lens, and a relay
lens group. The projection gate is located between the
light source array and the projection lens and the
projection lens is configured to project an image of the
projection gate. The relay lens group is located between
the 1light source array and the projection gate and is
configured to prevent the projection lens from projecting
an image of the light source array.

[0017] Other aspects of the invention may be found in
a projector that includes a housing, a 1light source
array, a projection gate, a projection lens, and a relay
lens group. The light source array and the relay lens
group are located inside the housing. The projection
gate 1is located between the 1light source array and the
projection lens and the projection lens is configured to
project an image of the projection gate. The relay lens
group is located between the light source array and the
projection gate and 1is configured to ©prevent the
projection lens from projecting an image of the 1light
source array.

[0018] Still other aspects of the invention may be
found in a method that includes positioning a light
source array to illuminate a projection gate. The method
also includes configuring a projection lens to project an
image of the projection gate, the projection gate being
located between the light source array and the projection
lens. The method further includes configuring a relay
lens group located between the light source array and the
projection gate to prevent the projection 1lens from

projecting an image of the light source array.
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[0019] Yet other aspects of the invention may be found
in a lamp housing for ﬁse with a projector housing, where
the projector housing includes a projection lens
projecting an 1image of a projection gate. The lamp
housing includes a 1light source array and a relay lens
group that is located between the light source array and
the projection gate. The relay lens group is configured
to prevent the projection lens from projecting an image
of the light source array.

[0020] Other aspects of the invention may be found in
an illumination source for a plurality of optical fibers
that includes a housing. The housing includes a
coupling, a light source, and a relay lens group located
between the 1light source and the coupling. The relay
lens group is configured to prevent an image of the light
source from being formed at input ends of a plurality of
optical fibers positioned in the coupling.

[0021] Still other aspects of the invention may be
found in a method that includes providing a light source
and configuring a relay 1lens group between the 1light
source and a coupling. The relay lens grbup is
configured to prevent an image of the light source from
being formed at input ends of a plurality of optical

fibers located in the coupling.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] For a more complete understanding of the
present invention and the advantages thereof, reference
is now made to the following descriptions taken in
conjunction with the accompanying drawings, in which:

[0023] FIGURE 1 is a schematic diagram of a prior art
projection optical system;

[0024] FIGURE 2 is a schematic diagram of a prior art
projection optical system including an absorptive color
filter;

[0025] FIGURE 3 is a schematic diagram of a prior art
projection optical system containing an unpatterned
dichroic color filter;

[0026] FIGURE 4 is a pictorial representation of a
patterned dichroic color wheel;

f0027] FIGURE 5 is a schematic diagram of a prior art
projection optical system including a patterned dichroic
color filter;

[0028] FIGURE 6 is a schematic diagram of a prior art
projection optical system including a patterned color
filter and dimming apparatus and a diffusing optical
element;

{0029] FIGURE 7 is a schematic diagram of a projection
optical system including a patterned color and dimming
apparatus and a relay lens system;

[0030] FIGURE 8 is a schematic diagram of a projection
optical system including a patterned color and dimming
apparatus and a relay lens system including a negative
lens at the first field stop according to the present
invention;

(0031] FIGURE 9 is a schematic diagram of a projection
optical system including a patterned color and dimming

apparatus and a relay lens system including a negative
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lens at the second field stop according to the present
invention;

{0032] FIGURE 10 is a schematic diagram of a
projection optical system including a patterned color and
dimming apparatus and a relay lens system including a
negative lens positioned within the relay lens according
to the present invention;

[0033] FIGURE 11 is a pictorial representation of a
motor driven color and dimming mechanism according to the
present invention;

[0034] FIGURE 12 1is a pictorial representation of a
relay lens color and dimming apparatus according to the
present invention;

[0035] FIGURE 13 1is a 1light source array of light
emitting diodes;

[0036] FIGURE 14 is a projection optical system
including a light source array;

[0037] FIGURE 15 is a projector embodying the present
invention including a light source array;

[0038] FIGURE 16 is a second projector embodying the
present invention including a light source array;

[0039] FIGURE 17 is a third projector embodying the
present invention including a light source array;

[0040] FIGURE 18 is a fourth projector embodying the
present invention including a light source array; and

[0041] FIGURE 19 is an optical system embodying the
present invention for coupling a light source to a bundle

of optical fibers.
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DETAILED DESCRIPTION

[0042] The readers of this document should understand
that the embodiments described herein may rely on
terminology used in any section of this document and
other terms not readily apparent from the drawings and
language common therefore. This document 1s premised
upon using one or more terms with one embodiment that may
also apply to other embodiments for similar structures,

functions, features and aspects of the invention.

~Wording used in the claims is also descriptive of the

invention and the text of the claims is incorporated by
reference into the description entirely in the form of
the claims as originally filed. Terminology used with
one, some or all embodiments may be used for describing
and defining the technology and exclusive rights
associated herewith.

[0043] The present invention wutilizes a patterned
color and dimming apparatus, deployed near a small
aperture, to uniformly color a projected beam of light.
It should be noted, that because the size of the color
and dimmer wheels depend on the size of the aperture, it
is advantageous that the aperture be as small as
possible.

(0044] To avoid losing energy from the projected beam
due to the scattering of 1light by a diffusing optical
element, as was the case with the prior art depicted in
FIGURE 6 and described above, it is desirable to relocate
the real image of the patterned color and dimming wheels
to a volume of space that is not imaged by the projection
lens. As described below, the addition of a weak
negative lens to a relay lens group can serve to relocate
the image of the color and dimming system to a volume of

space that 1is not imaged by the projection lens. By
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“weak” is meant that the absolute value of the negative
power of the lens is less than the combined power of the
downstream positive lens group. This results in a highly
efficient projection system with a wuniformly colored
projected beam.

[0045] Referring now to FIGURE 7, this figure shows a
spot luminaire projection optical system generally
indicated by the numeral 110. The optical system 110
includes a lamp 115 and a concave reflector 117.
Together, the lamp 115 and the concave reflector 117 form
the 1light source 120. The optical system 110 also
includes a first field stop 125. A patterned color and
dimming apparatus 95 is located in a volume contiguous to
the first field stop 125. A positive relay lens group
130 is shown to include a first positive lens 140 and a
second positive lens 150. The optical system 110 also
includes a second field stop 160 which is coincident with
the projection gate, a light pattern generator 166, and a
projection lens 170. A distance 175 separates the
projection lens 170 from a distant projection surface
180. The positive relay lens group 130 relays an image
190a of the patterned color and dimming filters 95 and
first field stop 125, forming said image 190a at a volume
contiguous to the second field stop 160. The second
field stop 160 is located some distance downstream of the
positive relay lens group 130. The second field stop 160
is the same size, and in the same location, as the
projection gate. Since the second field stop/projection
gate 160 are coincident, the real images 190a of the
patterned color and dimming wheels 95 act as objects for
the projection lens 170. Therefore, the projected beam
not only contains an image of the projection gate 160 and

the pattern generator 166, but also contains an image of
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the patterned color and dimmer wheels 190a. It would,
however, be preferable to not have the image of the
patterned color and dimming filters 95 formed at the
projection surface 180.

[0046] Referring now to FIGURE 8, a spot luminaire
projection optical system according to the present
invention is generally indicated by the numeral 200. The

optical system 200 includes a lamp 115 and a concave

reflector 117. Together, the lamp 115 and the concave
reflector 117 form the light source 120. The optical
system 200 also includes a first field stop 125. A

patterned color and dimming apparatus 95 is located in a
volume contiguous to the first field stop 125. A
positive relay lens group 130 is shown to include a first
positive lens 140 and a second positive lens 150. The
optical system 200 also includes a negative relay lens
group 210. Together the positive relay lens group 130
and the negative relay lens group 210 comprise the relay
lens group or overall relay lens group 220. The optical
system 200 also includes a second field stop 160 which is
coincident with the projection gate and a light pattern
generator 166. The optical system 200 further includes a
projection lens 170 which functions to project a beam of
light across distance 175 to a distant projection surface
180.

[0047] As shown in FIGURE 8, the addition of a weak
negative lens 210 (negative relay lens group) serves to
relocate the image 190b of the color and dimming system
to a volume of space that is not imaged by the projection
lens 170. It is therefore possible, through design, to
force the image 190b of the patterned filter media 95 and
the first field stop 125 to 1lie within or beyond the

projection lens train, in a volume that is not imaged by
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the projection lens 170. 1In one embodiment, this will be
accomplished by disposing image 190b away from the second
field stop. In another embodiment, the image of the
color and dimming system is disposed downstream of the
second field stop. In another embodiment, the image 1is
disposed downstream of the wupstream surface of the
projection lens. In another embodiment, the image of the
color and dimming system projected by the relay lens
group 210 is disposed downstream of the downstream
surface of the projection lens 170, but not proximate the
projection surface.

[0048] A properly designed relay lens system 220
allows the patterned filter media 95 to be placed near
the first field stop 125 which is the smallest area in
the beam of light, while ensuring that the images 190b of
the patterned filter media 95 and first field stop 125
occupy a volume that is not re-imaged by the projection
lens 170. The result 1is superior color mixing of the
projected beam while minimizing the size of the patterned
color filter material. It is believed that this type of
relay lens color and dimming apparatus will provide
uniform color mixing and high optical throughput.

(0049] Referring now to FIGURE 9, another spot
luminaire projection optical system 300 according to the
present invention is described. Here the basic structure
of the spot luminaire projection optical system 300 is
similar to the optical system 200 described above with
reference to FIGURE 8. However, in this example, the
negative relay lens group 310 1is positioned near the
second field stop 160. Together the positive relay lens
group 130 and the negative relay lens group 310 comprise
the relay 1lens group or overall relay lens group 320.

The addition of a weak negative 1lens 310 serves to
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relocate the image 190c of the color and dimming system
95 to a volume of space that is away from the second
field stop and not imaged by the projection lens 170.

[0050] Referring now to FIGURE 10, yet another spot
luminaire projection optical system 400 according to the
present invention is shown. Here the basic structure of
the spot luminaire projection oﬁtical system 400 1is
similar to the optical system 200 described above with
reference to FIGURE 8. However, in this example, the
negative relay lens group 410 is positioned within the
positive relay lens group 130 (between the first positive
lens 140 and the second positive lens 150). Together the
positive relay lens group 130 and the negative relay lens
group 410 comprise the relay lens group 420. The
addition of a weak negative lens 410 serves to relocate
the image 190d of the color and dimming system 95 to a
volume of space that is not imaged by the projection lens
170.

[0051] Referring now primarily to FIGURES 11 and 12,
the filter apparatus 95 and other aspects of the
invention are further described. As discussed
previously, the filter apparatus 95 can be positioned
proximate the first field stop 125. This placement of
the filter apparatus 95 is shown in FIGURES 8-10 and 12.
In these figures, one may also appreciate that the filter
apparatus 95 can include a plurality of variable density
filters.

[0052] In its basic form, the filter apparatus 95 can
be adapted for selectively moving at least one variable
density filter across the beam of light. However, as
shown in FIGURES 11 and 12, the filter apparatus 95 can
also be adapted for selectively moving or rotating a

plurality of variable density filters 500 across the beam
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of 1light. These variable density filters 500 can be
color filters and/or dimming filters. Therefore,

movement can allow the operator to control the color and
intensity (luminance) of the beam of light.

[0053] Referring now to FIGURE 11, one implementation
of the filter apparatus 95 is shown. In this example,
the filter apparatus 95 is shown to include a series or
stack of patterned wheels 500. Here the stack of
patterned wheels 500 . includes three color filter
patterned wheels 510, 520 and 530. These correspond
respectively to a cyan color wheel 510, a yellow color
wheel 520, and a magenta color wheel 530. The remaining
wheel is a dimming wheel 540. The filter apparatus 95
also includes a plurality of actuators or motors 600
which can be wused for driving, moving, or causing
rotation of the patterned wheels 500 in the beam of
light.

[0054] Each of the wheels 500 includes a central hub.
However, only the central hub 560 of the dimming wheel
540 is shown in the view provided by FIGURE 11. The hub
560 of the dimming wheel 540 serves as a point of
attachment for a drive belt 580. The drive belt 580 is
also connected to one of the actuators 600. Here the
drive belt 580 is connected to an actuator or motor 680
The hubs (not shown) of the remaining wheels (510, 520
and 530) are similarly coupled to drive belts 586, 584
and 582. These drive belts are in turn coupled to
actuators or motors 686, 684 and 682. For example, when
actuator 680 1is activated, it will cause belt 580 to
move, thereby causing rotation of the dimming wheel 540.
The motors or actuators 600 can be mounted to a plate
containing the first field stop 125. As each color

filter 500 is rotated into the beam, it colors a portion
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of the rays passing through the first field stop 125. As
the dimmer wheel 540 is rotated into the beam, it
attenuates a portion of the rays passing through the
first field stop 125 of the relay lens.

[0055] Thus, the patterned wheels 500 in the stack can
be either color filters or dimming filters. One should
appreciate that it 1is therefore possible to place a
dimming filter, such as patterned wheel 540 at the first
field stop location 125 (FIGURE 12). The dimming filter
works on the same principle as the color filters, except
that it blocks the light rather than coloring it. Like
the color filters, the dimmer can be located near the
first field stop 125. Therefore, any pattern etched onto
the dimmer 540 will not visible in the projected beam,
and the dimmer 540 will merely control the amount of
light present in the projected beam. It should be noted
that, although patterned wheels 500 are depicted, the
patterned media need not be in a wheel configuration.
For example, the patterned media can be disposed on a
siiding plate which can be used to slidably move to place
the desired portion of the media into the 1light beam,
rather than by rotating it, as with the wheel 500.

[0056] As described, the various color mixing systems
or filter apparatus 95 can be positioned near the first
field stop 125, which is 1located between the concave
reflector 117 and the projection lens 170. The relay
lens group (e.g., groups 220, 320 and 420) is designed so
that a real image of the field stop 125 and color filter
means 95 occupies a volume that is not re-imaged by the
projection lens 170. These color filters can be composed
of patterned color filter material deposited on

substrates having any shape. As the filters 95 are moved
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into the path of the 1light beam, their edges are not
visible and the projected image is evenly colored.

[0057] Regardless of the specific configuration of the
filters and the dimmer, the projected image will have a
fully blended homogeneous color. The actual shade and
intensity of the image 1is dependent on the area of the
field stop 125 covered by the unpatterned filter
material. The principles of color filtering at a field
stop are thus independent of any specific actuator means
or specific filter shape.

[0058] Referring now to FIGURE 12 which shows a relay
lens color and dimming apparatus 95 according to the
present invention. Patterned cyan, yellow, magenta, and
dimmer wheels 510, 520, 530 and 540 are shown positioned
before a first field stop plate 125. A weak negative
lens 210 can be positioned in, and held by, the field
stop plate aperture 125. A pair of lenses 140 and 150
comprises the positive lens relay group 130. A second
field stop plate 160 is the same size, and in the same
location, as the projection gate.

[0059] The color mixing system 1is well-suited for
placement in the path of a high-intensity beam of light
for illuminating a light pattern generator, gobo, or an
image generator system. The color mixing system can also
be used independently in any spot luminaire having a
projection lens with a well defined projection gate.

[0060] FIGURE 13 is a light source array 1300 of light
emitting diodes (LEDs). In this example, array 1300
includes red LED 1302, green LED 1304 and blue LED 1306.
The remaining LEDs in the array 1300 include
substantially equal numbers of red, green and blue LEDs.
The red, green and blue light from the LEDs of the array

1300 may be combined in desired proportions to provide



WO 2008/137007 PCT/US2008/005574

10

15

20

25

30

20

light of a desired color. In other embodiments of the
invention, an LED 1308 having a fourth color may be
included in the array 1300 to combine with the LEDs 1302,
1304 and 1306 in order to produce a full-spectrum white
light.

[0061] It will be understood that any number of light
sources of differing colors may be used to produce light
having a desired spectral characteristic without
departing from the scope of the invention. In other
embodiments of the invention, all light sources in the
light source array 1300 may be of the same color, e.g.,
white. This may be done to combine the light output from
several light sources to obtain a desired intensity
level. While the light source array 1300 is shown with
24 LEDs, it will be understood that a light source array
according to the present invention may comprise any
number of light sources greater than one.

{0062] The LEDs of array 1300 are arranged in a
hexagonal pattern. It will be understood that other
arrangements of 1light sources, such as an orthogonal
pattern, could be used without departing from the scope
of the invention. The 1light source array 1300 is a
planar array, but it will be understood that an array of
light sources could be arranged to form a smoothly curved
surface or an irregular surface without departing from
the scope of the invention.

[0063] FIGURE 14 is a projection optical system 1400
including a light source array 1420. A diffusing optical
element 1485 blurs the pattern of the light source array
1420 and blends the colors of the individual 1light
sources of the array 1420 to provide an evenly colored
light beam to illuminate a projection gate 1425. A

projection lens 1430 <causes an 1image 1440 of the
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projection gate 1425 (or of a light pattern generator
1426 contained within the projection gate 1425) to be
projected onto a distant projection surface 1435, The
image 1440 has a color determined by the blended color of
the light source array 1420.

[0064] Without the diffusing optical element 1485, the
projection lens would also project an image of the light
source array 1420 on the projection surface 143?. Thus,
the diffusing optical element 1485 both blends the colors
and blurs the pattern of the individual light sources of
the array 1420. However, as described with regard to
FIGURE 6, the diffusing optical element 1485 causes an
undesirable loss of energy from the projected beam by
scattering 1light outside the projection lens 1430, as
indicated by reference character 1497.

[0065] FIGURE 15 1is a projector 1500 embodying the
present invention including a light source array 1520.
The 1light source array 1520, a field stop 1525, a
negativé relay lens group 1510, a positive relay lens
group 1530 that includes lenses 1540 and 1550, and a
projection gate 1560 may be mounted inside a housing
1502. A light pattern generator 1566 may be contained
within the projection gate 1560. A projection lens group
1570 may be mounted in a front surface of the housing
1502. The projection 1lens group 1570 may project an
image of the projection gate 1560 and the light pattern
generator 1566 on distant projection surface 1580.

[0066] While the projection lens group 1570 and the
negative relay lens group 1510 are each shown as a single
lens, it will be understood that in other embodiments of
the invention either or both of these groups may include
a plurality of lenses. 1In still other embodiments of the

invention, the negative relay lens group 1510 may
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comprise a plurality of lenses (or lenslets) arranged in
an array. In such an embodiment, the lenslets may be
arranged to optically couple a lenslet with each 1light
source in the light source array 1520. Similarly, while
the positive relay lens group 1530 is shown having two
lenses, in other embodiments of the invention the group
may include one lens or more than two lenses.

[0067] While the light pattern generator 1566 is shown
in the projection gate 1560, other embodiments of the
invention may not include a light pattern generator. In
such embodiments, the projection lens group 1570 projects
an 1mage of only the projection gate 1560 on the
projection surface 1580. It will be understood that the
light pattern generator 1566 may comprise a sheet of
material with a pattern of holes, a clear substrate with
a pattern of opaque or reflective material, a
photographic slide, a motion picture film, or a spatial
light modulator (such as a digital mirror device or
liquid crystal device) without departing from the scope
of the invention.

[0068] As described with regard to FIGURE 8, the
negative relay lens group 1510 and the positive relay
lens group 1530 may be designed to produce an image 1590
of the 1light source array 1520 within or beyond the
projection optical system of the projector 1500, in a
volume that is not imaged by the projection 1lens group
1570. 1In the embodiment of the invention shown in FIGURE
15, the image 1590 is disposed outside the housing 1502,
in a position that is not proximate to the projection
surface 1580.

{0069] In the projector 1500, the light source array
1520, having a plurality of differently colored light

sources arranged in a pattern, illuminates the projection
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gate 1560 via the negative relay lens group 1510 and the
positive relay lens group 1530. Because the image 1590
of the light source array 1520 is disposed away from the
projection gate 1560, the light illuminating the
projection gate 1560 has no pattern and is evenly
colored. As a result, the image of the projection gate
1560 and the light pattern generator 1566 projected by
the projection lens group 1570 is evenly colored and does
not show the pattern of the light source array 1520.

[0070] FIGURE 16 is a second projector 1600 embodying
the present invention. The projector 1600 includes two
housings: a lamp housing 1604 and a projector housing
1606 separated by a gap 1616. A light source array 1620,
a negative relay lens group 1610 and a positive relay
lens group 1630 may be located inside the lamp housing
1604. A projection gate 1660, a light pattern generator
1666 and a projection lens group 1670 may be located in
or on the surface of the projector housing 1606. The
light source array 1620 in the lamp housing 1604
illuminates the projection gate 1660 in the projector
housing 1606 across the gap 1616.

[0071] Projectors used in movie theaters often have a
separate lamp housing and projector housing. In such a
projector, an existing lamp housing may be replaced with
the lamp housing 1604 to increase light output of the
projector and reduce heat in the projection room.

[0072] FIGURE 17 is a third projector 1700 embodying
the present invention including a 1light source array
1720. The light source array 1720 comprises output ends
of optical fiber bundle 1708. The optical fibers in the
bundle 1708 also have input ends 1712 optically coupled
to an illumination source 1714. An optical fiber

transmits a large percentage of light that enters its
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input end to its output end by the process of total
internal reflection. Transmitted light emerges from the
output end of the fiber with a characteristic angle of
divergence. As such, the output ends of the optical
fiber bundle 1708 form an array of light sources that
comprise 1light source array 1720. The gap shown in
optical fiber bundle 1708 indicates that the illumination
source 1714 may be located at any distance from the
projector 1700.

[0073] The illumination source 1714 may ‘pump’ white
light into the input ends 1712 of all the optical fibers
in the bundle 1708. In another embodiment of the
invention, the bundle 1708 may be divided into three sub-
bundles and the optical fibers in the sub-bundles pumped
with red, green and blue light, respectively. In such an
embodiment, the relative intensities of the red, green
and blue light may be adjusted to achieve a desired color
in the blended light illuminating a projection gate 1760
in the projector 1700. In yet another embodiment of the
invention, the bundle 1708 may be divided into more that
three sub-bundles and more than three colors may be
combined in the light source array 1720 to obtain a full
spectrum white beam of light.

[0074] As described with regard to FIGURES 8 and 15,
the relay lens group comprising negative relay lens group
1710 and positive relay lens group 1730 may be designed
to produce an image 1790 of the light source array 1720
within or beyond the projection optical system of the
projector 1700, in a volume that is not imaged by the
projection lens group 1770.

[0075] FIGURE 18 is a fourth projector 1800 embodying
the present invention. Projector 1800 has a

configuration similar to that of projector 160,
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comprising a lamp housing 1804 and a projector housing
1806. However, the 1light source array 1820 comprises
output ends of optical fibers of bundle 1808, whose input
ends are pumped by an illumination source 1814.

[0076] While FIGURES 15-18 show embodiments of the
present invention employing light sources arrays
comprising LEDs and optical fibers, it will be understood
that an array of other types of light sources may be used
without departing from the scope of the invention. Other
embodiments of the invention may employ an array of
electrodeless plasma lamps or dielectric waveguide
integrated plasma lamps. Still other embodiments may
have an array comprising 1light sources of differing
types.

[0077] FIGURE 19 is an optical system 1900 embodying
the present invention for coupling a light source 1920 to
a bundle of optical fibers 1918. Such an optical system
may be used as illumination source 1714 or 1814. Such an
optical system may also be used to pump a bundle of
optical fibers for wuse 1in an architectural 1lighting
application or in theatrical or entertainment lighting
special effects devices.

[0078] The optical system 1900 includes a housing
1902. Within the housing 1902 is a light source 1920
comprising a lamp 1915 and a concave reflector 1917 and a
patterned color and dimming apparatus 1995. The optical
system 1900 may also include a first field stop 1925.
The patterned color and dimming apparatus 1995 may be
located in a volume contiguous to the first field stop
1925. A positive relay 1lens group 1930 may include a
first positive lens 1940 and a second positive lens 1950.
The optical system 1900 may also include a negative relay

lens group 1910. Together the positive relay lens group
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1930 and the negative relay lens group 1910 comprise the
relay lens group 1921. The optical system 1900 may also
include a second field stop 1960.

[0079] Coincident with the second field stop 1960 is a
connector 1924 that optically couples the plurality (or
bundle) of optical fibers 1918 to the optical system
1900. The connector 1924 may also serve to physically
couple the bundle 1918 to the housing 1902.

[0080] While the input ends 1922 are shown
substantially coplanar with the second field stop 1960 in
FIGURE 19, it will be understood that the input ends 1922
may be positioned a short distance inside or outside the
second field stop 1960 without departing from the scope
of the invention. Furthermore, it will also Dbe
understood that, without departing from the scope of the
invention, the input ends 1922 may be optically coupled
to the optical system 1900 by a quartz rod, relay lens or
other apparatus to guide the light from the second field
stop 1960 to the input ends 1922 of the bundle 1918.

[0081] As described with regard to FIGURES 8-10, the
relay lens group 1920 may operate to form an image of the
patterned color and dimming apparatus 1995 at a location
away from the second field stop 1960. As a result, the
light illuminating the input ends 1922 of the optical
fiber bundle 1918 does not exhibit the pattern of the
color and dimming apparatus 1995. Because the light is
evenly colored and dimmed, all fibers in the bundle 1918
are illuminated with 1light of the same color and
intensity.

[0082] It will be understood that in other embodiments
of the present invention a light source array may be used
in the optical system 1900. As described with regard to
FIGURES 15-18, such a light source array may be located



WO 2008/137007 PCT/US2008/005574

10

15

20

25

30

27

at the first field stop 1925. Such a light source array
in other embodiments may comprise a plurality of 1light
emitting diodes, a plurality of electrodeless lamps,
output ends of another plurality of optical fibers, or a
plurality of other light sources.

[0083] It may be advantageous to set forth definitions
of certain words and phrases used throughout this patent
document. The term “couple” and its derivatives refer to
any direct or indirect communication between two or more
elements, whether or not those elements are in physical
contact with one another. The terms “application” and
“program” refer to one or more computer programs,
software components, sets of instructions, procedures,
functions, objects, classes, instances, related data, or
a portion thereof adapted for implementation in a

suitable computer code (including source code, object

code, or executable code). The terms “transmit,”
“receive,” and “communicate,” as well as derivatives
thereof, encompass both direct and indirect
communication. The terms “include” and “comprise,” as
well as derivatives thereof, mean inclusion without
limitation. The term “or” is inclusive, meaning and/or.

The phrases “associated with” and “associated therewith,”
as well as derivatives thereof, may mean to include, be
included within, interconnect with, contain, be contained
within, connect to or with, couple to or with, be
communicable with, cooperate with, interleave, juxtapose,
be proximate to, be bound to or with, have, have a
property of, or the 1like. The term “controller” means
any device, system, or part thereof that controls at
least one operation. A controller may be implemented in
hardware, firmware, software, or some combination of at

least two of the same. The functionality associated with
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any particular controller may be centralized or
distributed, whether locally or remotely.

(0084] Although specific embodiments of the present
invention are disclosed, these are not to be construed as
limiting the scope of the present invention. Many
variants of the invention will become apparent to those
skilled in the art in light of this specification. The
scope of the invention is only limited by the claims

appended hereto.
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WHAT IS CLAIMED IS:

1. A projection optical system, comprising:

a light source array;

a projection gate;

a projection lens configured to project an image of
the projection gate, wherein the projection gate 1is
located between the light source array and the projection
lens; and

a relay lens group located between the light source
array and the projection gate, wherein the relay lens
group 1is configured to prevent the projection lens from

projecting an image of the light source array.

2. The projection optical system of claim 1,
further comprising a field stop, wherein the light source
array 1is located in a volume contiguous to the field

stop.

3. The projection optical system of «c¢laim 1,
wherein the light source array comprises a substantially

planar array of light sources.

4. The projection optical system of claim 1,
wherein the 1light source array comprises one of a
plurality of 1light emitting diodes, a plurality of
electrodeless lamps, and output ends of a plurality of

optical fibers.

5. The projection optical system of claim 1,
wherein the relay lens group forms an image of the light
source array, the image of the light source array being

disposed away from the projection gate.
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6. The projection optical system of claim 1,
wherein the relay lens group comprises:
a first lens group with negative optical power; and

a second lens group with positive optical power.

7. A projector, comprising:

a housing;

a light source array inside the housing;

a projection gate;

a projection lens configured to project an image of
the projection gate, wherein the projection gate 1is
located between the light source and the projection lens;
and

a relay lens group inside the housing, the relay
lens group located between the light source array and the
projection gate, wherein the relay lens group is
configured to prevent the projection lens from projecting

an image of the light source array.

8. The projector of claim 7, wherein the

projection gate is inside the housing.

9. The projector of claim 8, wherein the

projection lens is inside the housing.

10. The projector of claim 7, wherein the 1light
source array comprises a substantially planar array of

light sources.

11. The projector of claim 7, wherein the 1light
source array comprises one of a plurality of light
emitting diodes, a plurality of electrodeless lamps, and

output ends of a plurality of optical fibers.
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12. The projector of claim 7, wherein the 1light
source array comprises output ends of a plurality of
optical fibers, the projector further comprising a source
of illumination outside the housing coupled to input ends

of the plurality of optical fibers.

13. The projection optical system of claim 7,
wherein the relay lens group forms an image of the light
source array, the image of the light source array being

disposed away from the projection gate.

14. The projection optical system. of claim 7,
wherein the relay lens group comprises:
a first lens group with negative optical power; and

a second lens group with positive optical power.

15. A method, comprising:

positioning a light source array to illuminate a
projection gate;

configuring a projection lens to project an image of
the projection gate, wherein the projection gate 1is
located between the light source array and the projection
lens; and

configuring a relay lens group located between the
light source array and the projection gate to prevent the
projection lens from projecting an image of the 1light

source array.

l6. The method of Claim 15, wherein positioning a
light source array further comprises positioning the
light source array in a volume contiguous to a field stop

of the relay lens group.
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17. The method of Claim 15, wherein positioning a
light source array further comprises positioning 1light

sources in a substantially planar array.

18. The method of Claim 15, wherein the 1light
source array comprises one of a plurality of light
emitting diodes, output ends of a plurality of optical

fibers, and a plurality of electrodeless lamps.

19. The method of Claim 17, wherein the 1light
source array comprises output ends of a plurality of
optical fibers and the method further comprises coupling
a source of illumination to input ends of the plurality

of optical fibers.

20. The method of Claim 15, wherein configuring a
relay lens group further comprises configuring the relay
lens group to form an image of the light source array,
the image of the light source array being disposed away

from the projection gate.

21. The method of Claim 15, wherein the relay lens
group comprises:
a first lens group with negative optical power; and

a second lens group with positive optical power.
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22. A lamp housing for use with a projector housing
comprising a projection lens projecting an image of a
projection gate, the lamp housing comprising:

a light source array; and

a relay lens group located between the light source
array and the projection gate, wherein the relay lens
group is configured to prevent the projection lens from

projecting an image of the light source array.

23. The lamp housing of claim 22, wherein the light
source array comprises a substantially planar array of

light sources.

24. The lamp housing of claim 22, wherein the light
source array comprises one of a plurality of
electrodeless lamps, a plurality of light emitting diodes
and output ends of a plurality of optical fibers.

25. The lamp housing of claim 22, wherein the light
source array comprises output ends of a plurality of
optical fibers and the lamp housing further comprises a
source of illumination outside the housing coupled to

input ends of the plurality of optical fibers.
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26. An optical system, comprising:

a light source;

a coupling;

a relay lens group located between the light source
and the coupling, wherein the relay lens group is
configured to prevent an image of the light source from
being formed at input ends of a plurality of optical

fibers positioned in the coupling.

27. An 1illumination source for a plurality of
optical fibers, comprising a housing, the housing
comprising:

a coupling;

a light source; and

a relay lens group located between the light source
and the coupling, wherein the relay lens group is
configured to prevent an image of the light source from
being formed at input ends of a plurality of optical

fibers positioned in the coupling.

28. A method, comprising:

providing a light source;

configuring a relay 1lens group between the 1light
source and a coupling, wherein the relay lens group is
configured to prevent an image of the light source from
being formed at input ends of a plurality of optical

fibers located in the coupling.
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