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FIG. 3isasideelevational view of the light projec-
tion sysem of the present invention, illustrating some of
the detaled fedures of the invention.

FIG. 4 is an elevationa view of a color wheel that
includes a plurality of irregularly shaped colored re- 5
gons in accordance with a detaled festure of the inven-
tion.

FIG. 5 is an devationd view of a multiple color filter
mounting plate, including an aperture and rollers for
mounting and rotating a color whed.

FIG. 6 is a schematic diagram of the input end of the
fiber optic bundle, illustrating the movement of color
aross the individud fibers in each fiber optic group.

FIG. 7 is a schemdic diagram of the output end of the
same fiber optic bundle, illusrating the change of direc-
tion of the color movement across the individud fibers
in each fiber optic group due to the randomization of
the fiber optic groups.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The following description of the preferred embodi-
ment of the invention is not to be taken in alimiting
sene, hut is made medy for the purpose of illustrating
the generd principles of the invention. The description
is of the bet mode presently contemplated for carrying
out the invention.

With reference to FIG. 1, there is shown a fiber optic
projection sysem 10 for projecting a fluid light imege
onto a target, such as a streen 12, The projection system
indudes a housng 14 from one end of which extends a
power cord 16, while a projection lens 18 projects from
the other end. The projection system is shown resting
on a table top 20, to rase it above the floor and thereby
project a ful visud image onto the Screen.

With reference now to FIG. 2, the internal compo-
nents of the projection system 10 ae illustrated gener-
ally. In the preferred embodiment, alight source 24 is
mounted within the housng 14 and it is connected to
the power cord 16 so that the light source can produce
subgtantially  white light having a power preferably in
the range of 50 to 3000 watts. The light from the light
source is focussed through a multiple color filter 26
onto an input end 30 of a fiber optic bundle 28 held in a
predetermined  shepe In the prefered  embodiment, the 45
fiber optic bundl€s shape is cylindricd. The fiber optic
bundle includes a plurdity of individud fibers forming
the input end 30 (FIG. 6) and an output end 32 (FIG. 7).
The multiple color filter 26 is mounted between the
Li"ght source 24 and the input end of the fiber optic bun- 50
e

The multiple color filter 26 is movable relative to the
input end 30 of the fiber optic bunde 28 such tha light
of timevaying color is directed into each of the optica
fibers in the bundle In the prefered embodiment, a firg 55
motor 34 is included in the housing 14, for rotating the
multiple color filter relative to the input end of the fiber
optic bundle. The projection lens 18 receives light from
the output end 32 of the fiber optic bundle and imeges
the light & a taget, for example the screen 12, Altema 60
tively, the projection lens can image the light a a target
secured to the  housing.

FIGS. 3 through 7 illusrate the fiber optic projection
sgydem 10 of the present invention in additionad detail.
The sydem includes a firg heat snk 36 that conducts 65
heat away from the light source 24. In the preferred
embodiment, the multiple color filter 26 is a color whed
(FIG. 4). The color wheel is mounted on a plurality of
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rollers 38,40 and 42 (FIGS. 3 and 5) and the fird motor
34 rotates the color wheel by driving the roller 38.
Additionaly, the projection lens 18 is mounted directly
onto the output end 32 of the fiber optic bundle 28, to
limit the loss of light between the components and to
produce a cisp and clear visud image on the sreen 12,

As shown in FIGS. 6 and 7, the fiber optic bundle 28
indudes a plurdity of fiber optic groups, for example
groups 46 and 48, that are interwoven such that the
arangement of the fiber optic groups & the fiber optic
bundle's input end 30 (FIG. 6) is different from the
arangement of the fiber optic groups a the fiber optic
bundie's output end 32 (FIG. 7). Each of the fiber optic
groups includes a large plurality of individual fibers,
such & fibers 50, 52 and 54.

The preferred embodiment of the invention also in-
cludes a second motor 56 for reciprocating the color
whed 26 laerdly with respect to the longitudind axis
of the fiber optic bundle 28. A second heat sink 58 is
further included, for conducting heat away from the
second motor and the fiber optic bundle 28. Asillus-
trated in FIGS. 3 and 5, the first motor 34 isfixed to a
mounting plate 60, and an axle 62 extends between the
firs motor and the roller 38, for driving the roller 38 to
rotate the color wheel 26 (shown ghosted in FIG. 5).
The mounting plae is opague and includes a generdly
ovd aeture 64 having a length approximately equa to
the radius of the color whed and a width approximately
equd to the diameter of the fiber optic bundle 28. The
mounting plate is positioned between the color wheel
and the light source 24, with the aperture digned with
the input end 30 of the fiber optic bundle. This position-
ing of the mounting plate shields most of the color
whed 26 from heat from the light source 24, yet dlows
light to pass through the aperture to the color wheel
and then into the fiber optic bundle

Additiondly, the prefered embodiment of the inven
tion includes a dide 66 that rests in a track 68 extending
laterally with respect to the longitudind axis of the fiber
optic bundle 28. The second motor 56 is coupled to the
dide and through the dide to the mounting plate 60 and
the color whed 26. The second motor is Szed to move
the mounting plate laterally in a range such that the
input end 30 of the fiber optic bundleistraversed by
abdantidly the entire length of the aperture 64.

Accordingly, in the preferred embodiment, the light
source 24 and the input end 30 of the fiber optic bundle
28 ae fixed within the housng 14, while the mounting
plate 60 and the color wheel 26 move laterally in a
range substantially equal to the radius of the color
wheel. This lateral movement allows light to pass
through varying radial portions of the color wheel,
such tha the center and the periphery of the whed, and
al radial locations therebetween, are adjacent to the
input end 30 of the fiber optic bundle 28 during each
cycle of the reciprocating motion. Since the color
whed is rotating, as well a moving laerdly, light pass
ing through the color whed traces a vaigble sne wave
paten to expose substantidly al of the radid portions
of the color whed to the light source 24. Of course the
lateral movement of the mounting plate and color
wheel can be varied over time to move longer or
shorter distances to provide variety in the portions of
the color whed exposed to the light source. In an dter-
native embodiment, not shown in the drawings, the
output end 32 of the fiber optic bundle 28 is reciprocaly
moved laterdly reaive to the projection lens 18.
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5
In adetailed embodiment of the present invention,
the color wheel 26 includes a plurality of irregularly
sheped colored regions, such as regions 72 and 74 (FIG.
4). The sze and the shape of the colored regions relative
to the size of the fiber optic groups 46 and 48 and the 5
individual fibersthat form each group determines the
quidiIK of the movement of the visud image produced
by the projection system 10.

In this embodiment, the color wheel 26 includes a
heat-resistant glass cut in acircular pattern to form a g
transparent  glass disk. The smdl colored regions 72 and
74 ae made from dained glass, dichroic filter materid,
acrylic, polyester, or colored gel. Alternatively, the

colored regions cean be made by eveporading, Spreading,

spraying, or silkscreening dye-staff or ultra-violet ink 15

on the glass dik. A layer of opticaly transparent ce
ment is soread onto the suface of the glass dik. The
individual colored regions are then placed onto the
aurface of the dik to fom a color mosdc. The colored
regions are placed as close together as possble, to mini-
mize the amount of uncolored space between regions
and thereby minimize the uncolored light that reaches
the fiber optic bunde 28.

The individud colored regions of the color whed 26
can be ay shape and sze To crege a fluid visud im-
ae, the gndles crosssectiond dimenson of the smdl-
et colored region should saisfy the following equetion:

25

LroGZLCcRELF

whee Lpog is the smdlet crosssectiond dimenson of 30

the smallest fiber optic group (FIG. 6), L¢g is the small-
est cross-sectional dimension of the smallest colored
region (FIG. 4), and L is the smallest cross-sectional
dimenson of the individud fibers 50, 52 and 54. In the

preferred embodiment, the smallest cross-sectional di- 35

mendon of the smdlest colored region (Leg) is substan
tidly, egual to the smdlest crosssectiond dimendon of
the fibers (Lp).

As dexcribed above, the fiber optic bundle 28 includes

a plurdity of fibers such as fibers 50,52 and 54, that are 40

grouped into fiber optic groups, such a groups 46 and
48, More gpecificdly, exch of the fiber optic groups is
formed by a pludity of individud, flexible light trans
mitting optic fibers, each of which has an input end and

an output end. Each of the flexible fibers is formed by 45

an inner core and an outer sheath having an index of
refraction that is lower than tha of the inmer core The
interface between the sheath and the core provides an
environment for highly efficient light transmission

dong the length of the fiber, by multiple intemad reflec- 50

tions. Since the light is substantidly interndly reflected,
the fiber may be bent or curved without dgnificant loss
of light. The individual fibers may be made of coated
gass or coaed plasic. Glass fibers ae more itable for

high temperature applications, but ae less flexible than ss

the plastic fibers. The incorporation of a fiber optic
bundle in the present invention creates a crisp and
bright visud image, because little light is lost between
the light source 24 and the projection lens 18.

The fiber optic groups 46 and 48 are incoherent in 60

nature, meaning that the arangement of the fiber optic
groups a the fiber optic bundigs input end 38 is differ-
ent from the arrangement of the fiber optic groups at
the fiber optic bundle's output end 32. More specifi-

6

entering the input end of the fiber optic bundle is scram-
bled before it is received hy the projection lens 18 and
then imaged & the soreen 12

In the preferred embodiment, the fiber optic bundle
28 is congructed by first Sdecting an externd sheth to
function as a clamp for the fiber optic groups, e.g.,
groups 46 and 48, in the fiber optic bundle The maerid
ussd as a sheth can be ay wel known materid used in
the preparation of fiber optic bundles such as danless
ded or brass The intend suface of the sheth should
be reflective and the length and the width of the shesth
is determined by the design and the application of the
projection system 10. The selected diameter of the
sheth will influence the number of fiber optic groups in
the fiber optic bunde 28. In the prefared embodiment,
a lesst two fiber optic groups are induded in the fiber
optic  bundle.

When fird condructing the fiber optic bundle 28 in
the preferred embodiment, each fiber optic group 46

0 and 48 is made to indude a plurdity of individua fibers

gathered together. One end of each raw fiber group is
immersed in alcohol, to bind the individual fibers to-
oether. The opposte end of each raw fiber group is Ileft
unbound. The unbound ends of the fiber optic groups
are pulled through the sheath, while the bound ends
extend from the end of the shesth by an inch or more
Next, the unbound raw fibers of each fiber optic group
ae dvided into subgroups and dl the subgroups of
the fiber optic groups ae mixed and patidly random-
ized with each other. Then, the fiber optic bundle is
dried to evgorate the acohol on the bound ends of the
fiber optic  groups.

In the preferred embodiment, after the fiber optic
bundle 28 has dried, the ends of the bundle are cut
goproximatdly one inch from the ends of the sheath, and
cemented with a W-curable transparent optical ce-
ment commonly used in the preparation of fiber optic
bundles, such as Norland NOA-72 cement. Next, the
ends of the fiber optic bundle protruding from the
sheath are tightly bound by wrgpping them with a su-
ture to remove any spaces between the bundles. The
fiber optic bundle is then dried agan in an oven, for a
time period determined by the type of cement used.
Finally, the ends of the fiber optic bundle protruding
from the sheath ae cut, ground, and polished.

With reference again to FIG. 2, by way of example,
the path of aray of light 76 through the projection
system 10 and, in particular, through the fiber optic
bundle 28 is shown as a dashed line. The light source 24
emits the ray of light that is focussed through the multi-
ple color filter 26 onto the input end 38 of the fiber optic
bundle. As the ray of light passes through the multiple
color filter, it is filtered to a particular color and the
colored light is then transmitted through an individua
fiber to the output end 32 of the fiber optic bundle. Due
to the incoherent naure of the bundle the postion of
the fiber’ s fiber optic group, and therefore the fiber's
postion is different a the output end from its postion a
the input end. Accordingly, dthough the ray of light is
shown to have entered the fiber optic bunde near the
bundie's center, it exits the bundle near the top. Since
the projection lens 18 inverts the image emitted by the
fiber optic bundle the same ray of light is imaged near

cally, the fiber optic groups themsdves are divided into 65 the bottom of the visud imege displayed on the screen

subgroups that ae intewoven dong the length of the
fiber optic bunde 28 in a random manner. By incorpo-
rating incoherent fiber optic groups, the light image

12
The visual image created by the present invention
changes when the multiple color filter 26 moves. With
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reference again to FIGS. 6 and 7, as the multiple color
filter moves over time, the color of the light entering
the fiber optic bunde 28 changes as different colored
regions of the color filter pass in front of the fiber optic
groups 46 and 48. Thus, light of time-varying color
enters each of the plurality of optical fibersthat make
up the fiber optic bundle

For example, if themultiple color filter 26 includes a
red color region and a blue color region, and it moves
laterally from left to right, the light entering the fibers
in the fiber optic groups 46 and 48 would change from
red to blue from left to right over time as the multiple
color filter moves. This movement isindicated by the
arrow in FIG. 6. Light entering the left-most fiber in
each fiber optic group would change color first. Then
the light entering the fiber located to the right of that
fiber would change color, and so on across the fiber
optic group, from left to right.

As discussed above, the fiber optic groups, e.g.,
groups 46 and 48, ae incoherent in naure and the a-
rangement of the fiber optic groups at the fiber optic
bundle's input end 30 (FIG. 6) is different from the
arangement of the fiber optic groups a the fiber optic
bundl€’s output end 32 (FIG. 7). In the preferred em-
bodiment, each group of fibers at the input end is di-
vided into a plurdity of multi-fiber subgroups. Thus, in
FIG. 6, the fiber optic group 46 is shown to include
subgroups 46A, 46B and 46C. The subgroups from dl of
the groups ae randomized dong the length of the fiber
optic bundle 28, such that the origindly associated sub-
groups are separated from each other. Thus, the sub-
groups 46A,46B and 46C are shown in FIG. 7 to bein
sepéarated orientations & the fiber optic bundle's output
end.

The randomizing of the fiber optic subgroups in-
cludes random rotation. Thus the generd direction of
color change in each subgroup will differ at the fiber
bundie's output end 32 as compared to its input end 30.
In the example of FIGS. 6 and 7, the direction of color
change for the subgroups 46A, 46B and 46C is shown
by the arrow initially to be from left to right, but after
randomization of the fiber subgroups is shown by the
arows to be in compledy different directions.

The seed a which the colors entering the individua
fibers change is corrdated to the speed of the multiple
color filter 26. In the preferred embodiment, the multi-
ple color filter moves & a speed that sdtifies the follow-
ing  equation:

Lr/RR<S<LroGg/RR

whee Lp is the gmdles crosssectiond dimenson of
the fibers RR is the response and relaxation time of the
humen eye (approximately 1/16 second), S is the speed
of the multiple color filter, and Lggg is the smallest
cross-sectional dimension of the smallest fiber optic
group. This speed creates a smooth blending of color
changes such that the viewer does not perceive individ-
ud changes in the points of light emitted by the individ-
ua fibers. A pleasing fluid-like color transformation
thereby is  provided.

The arrm?emmt of the colored regions on the multi-
ple color filter 26 dso influences the visud image cre-
aed. More specifically, the colored regions on the color
whed can be aranged in ay sequence and digtribution,
however, different arrangements will create different
time-varying visua images. For example, a generaly
randomized distribution of colored regions of different
colors and shedes will creste a visud imege of continu-
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ously changing shapes and colors. One alternative ar-
rangement divides the color wheel into substantially
equal segments, and each segment includes colored
regions of vaying shades of a base color. For example
the color whed can be divided into four equd Ssegments
formed by two perpendicular diameters. One segment
can include colored regions of varying shades of red,
while another segment can include colored regions of
varying shades of blue, and so on. This arrangement
cregtes a visud image with dynamic shedes and hues of
individud color when the color whed moves radidly,
and rotation of the wheel sequences through the base
colors of the segments

Another arrangement of the color wheel divides the
wheel into concentric circular and ring-shaped seg-
ments, and each segment includes colored regions of
vaying shades of a base color. For example the color
wheel can be divided into three concentric segments.
The innermost circular segment can include colored
regions of vaying shades of blue while the ring-shaped
segment radially adjacent to the circular segment can
include colored regions of varying shades of green.
Findly, the outermost ring-shaped segment can include
colored regions of vaying shades of red This arange
ment creges a visud image where the portions of the
visud image incdluding the exterior base color, red in the
example, will change and blend faster than the portions
of the visud image including the centrd base color, blue
in the example

It should be gppreciged from the foregoing descrip-
tion that the present invention provides a novel and
unique fiber optic projection system. Fluid visual im-
aes ae creded by rotating and randomizing fibers in a
fiber optic bundle. The light projection system pro-
duces a wide variety of images without requiring
human interaction.

Although the invention has been described in detal
with reference to the presently preferred embodiment,
those of ordinary skill in the art will appreciate that
various modifications can be made without departing
from the invention. For example, the multiple color
filter can be ay shape such a suare rectangular or
triangular. Additionally, colored fluids contained in
moveble tubes can be utilized as a multiple color filter,
The pattern of the colored regions can also be varied
from a random digtribution of colors to a radiging pat-
tern of changing colors, or to any other pattern that
cretes a plessng visud image

Moreover, in the preferred embodiment, the light
source is mounted in the housng. However, an extend
light source, such as a dek lamp, can do be utilized.
Finally, it is not arequirement that the multiple color
filter move. Ingead, the fiber optic bunde and the pro-

55 jection lens can move relative to the multiple color

60

filter. Accordingly, the invention is defined only by the
following  clams.
| dam:
1 A fiber optic projection sysem, comprisng:
a housing;
a ligt source
amultiple color filter mounted in the housing to re-
cave light from the light source and having a plu-
rdity of discrete colored  regions,
afiber optic bundle held in a predetermined shape
and having a plurdity of opticd fibers forming an
input end and an output end fixed in the housing,
the fiber optic bunde including a plurdity of fiber
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optic groups that are interwoven such that the
arrangement of the fiber optic groups at the fiber
optic bundle sinput end is different from the ar-
rangement of the fiber optic groups at the fiber
optic bunde's output end,

wherein the fiber optic bundle is mounted such that

light from the light source is directed through the
multiple color filter onto the input end of the fiber
optic bundle and wherein the multiple color filter is
moveble relaive to the input end of the fiber optic
bundle such that light of timevarying color is di-
rected into each of the plurality of optical fibers;
and

a projection lens for receiving light from the fiber

optic bundle's output end and imaging the light a
a ftarget.

2. The fiber optic projection system of claim 1,
wherein the multiple color filter comprises a color
wheel with a plurality of irregularly shaped colored
regions.

3. Thefiber optic projection system of claim 2, and
further including:

afirst motor for rotating the color wheel; and

a second motor for reciprocating the color wheel

laterdly with respect to the longitudind axis of the
fiber optic bunde

4. The fiber optic projection system of claim 3,
wherein the second motor is sized so that the color
wheel moves in a range such that the center of the
wheel and the periphery of the wheel are, at times,
adjacent to the input end of the fiber optic bundle

5. The fiber optic projection system of claim 3,
wherein:

the color wheel is mounted for rotation between a

plurdity of rollers and

the firg motor drives one of the rales.

6. The fiber optic projection system of claim 3, and
further including:

a first heat sink for conducting heat away from the

light source and

a soond hest snk for conducting heat away from the

fiber optic bundle.

7. The fiber optic projection system of clam 2,
wherein:

the irregularly shaped colored regions of the color

whed have a gmdles crosssectiond  dimension;
the fiber optic groups are of variable sire, with the
gndles of such groups having a smalest crosssec-

tiona  dimension;

the opticd fibers dl have subdantidly the same cross
sectiona dimension;

the gmdlest crosssectiond dimenson of the smalest

fiber optic group is not less than the smdlest cross
sctiond  dimenson of the smdles colored region;
and

the smdlest crosssectiond dimenson  of
colored region is not less than
dimenson of the fibers

8. The fiber optic projection system of claim 7,

wherein the smallest cross-sectional dimension of the

the smalest
the cross-sectiond

20

35

50

smallest Tiber optic group is substantially equal to the 60

smdlest crosssectiona  dimenson  of the smalest col-
ored region.
9. The fiber optic projection system of claim 2,

wherein the color wheel comprises a transparent glass

disk with transparent colored materials affixed to the 65

glass to disk to form a color mosac.
10. The fiber optic projection system of claim 1,
wherein:

10
the fiber optic groups are of variable sire, with the
gndlest of such groups having a smdled crosssec-
tiond  dimenson;
the opticd fibers dl have subdtantidly the same cross
sectiond  dimension;  and
the muItiFIe color filter moves @ a speed that stisfies
the following equation:

Lr/RR<S<LFroG/RR

whee Lpis the cosssectiond dimenson of the fibers,
RR is the response and relaxation time of the human
eye, Sis the speed at which the multiple color filter
moves, awd Lgog is the smalest crosssectiond dimen-
son of the smdles fiber optic group.

11. The fiber optic ?rojedion sysem of cdam 1, and
further including a color filter mounting plate for
shielding the multiple color filter from heat from the
light source, mounted in the housng between the light
source and the multiple color filter, the mounting plate
being opague and having an aperture through which
light from the light source passes.

12. The fiber optic projection system of claim 1,
wherein the projection lens is mounted directly onto the
output end of the fiber optic bunde

13. The fiber optic projection system of claim 1,
wherein the orientation of & lest one fiber optic group
at the output end of the fiber optic bundleis rotated
E‘Jrorcﬂ its orientation at the input end of the fiber optic
undle.

14. The fiber optic projection system of claim 1,
wherein the light source is mounted within the housing.

15. The fiber optic projection system of claim 1,
V\r/]herein the fiber optic. bundleis held in acylindrical
shape.

16. A fiber optic projection system, comprising:

a housing;

a lieht source mounted within the housing;

a multiple color wheel mounted in the housing hav-
ing a plurality of irregularly shaped colored re-
gons having a smdlest crosssectiond dimension;

a fiber optic bundle held in acylindrical shape and
having a plurdity of opticd fibers of substantialy
uniform cross-sectional dimension, forming an
input end and an output end fixed in the housing,
the fiber optic bundle including a plurdity of fiber
optic groups that are interwoven such that the
arrangement of the fiber optic groups at the fiber
optic bundl€e'sinput end is different from the ar-
rangement of the fiber optic groups at the fiber
optic bundles output end, wherein the fiber optic
groups are of variable sire, with the smallest of
such groups having a smallest cross-sectional di-
mension;

wherein  the multiple color whedl is mounted between
the light source and the input end of the fiber optic
bundle;

wherein  the smalest crosssectiond  dimenson of the
andlest fiber optic group is not less than the smdl-
et crosssectiond  dimenson of the smdles col-
ored region, and the smallest cross-sectional di-
menson of the smales colored region is not less
then the crosssectiond dimenson of the fibers

afirst motor for rotating the color wheel;

a second motor for reciprocating the color wheel
laterally with respect to the longitudind axis of the
fiber optic bundle, and

a projection lens for receiving light from the fiber
optic bundl€s output end and imaging the light &
a remote locatign.
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