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ILLUMINATION DEVICE FOR PROJECTING LIGHT IN A

PREDETERMINED ILLUMINATION PATTERN ON A SURFACE

ABSTRACT OF THE DISCLOSURE

An illumination device projects light in a predetermined illumination pattern on a surface.
The illumination device includes a housing having a cavity and an aperture that opens into the
cavity. The illumination device further includes a light module operatively attached to the
housing for selectively emitting the light into the cavity. Furthermore, the illumination device
includes a digital light panel at least partially disposed in the cavity between the light module and
the aperture. The digital light panel has at least one opening defining a base pattern
configuration corresponding to the predetermined illumination pattern for aligning the light
emitted from the light module through the opening into the base pattern configuration and
subsequently projecting the light through the aperture onto the surface in the predetermined

illumination pattern.
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ILLUMINATION DEVICE FOR PROJECTING LIGHT IN A

PREDETERMINED ILLUMINATION PATTERN ON A SURFACE

BACKGROUND OF THE INVENTION

1. Field of Invention

[0001] The present invention relates, generally, to an illumination system and, more
specifically, to an illumination device for projecting light in a predetermined illumination pattern
on a surface.

2. Description of the Related Art

[0002] There is a desire within the automotive industry to provide for an illumination
system for illuminating a surface within an interior of the vehicle. In particular, there is a desire
to illuminate the surface with a particular pattern or design. Illumination of the interior surface
with the particular pattern or design improves visibility within the interior proximate the
illuminated surface in low-light situations and is considered aesthetically appealing to viewers of
the illuminated surface. One solution in the industry involves an illumination system that
includes a panel having the surface and a portion that is partially transparent with the partially
transparent portion panel having the particular pattern or design. A plurality of illumination
devices, such as light emitting diodes or optical fibers, is placed behind the panel such that the
panel is between the illumination devices and the viewer. The illumination devices emit light
that transmits through the partially transparent portion of the panel, which illuminates the surface
of the partially transparent portion such that the viewer sees the illuminated pattern or design.

[0003] While these illumination systems known in the related art have generally
performed well for their intended purpose, there remains a need in the art for an improved

illumination system.
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SUMMARY OF THE INVENTION

[0004] The present invention overcomes the disadvantages in the related art in an
illumination device for projecting light in a predetermined illumination pattern on a surface. The
illumination device includes a housing having a cavity and an aperture that opens into the cavity.
The illumination device further includes a light module operatively attached to the housing for
selectively emitting the light into the cavity. Furthermore, the illumination device includes a
digital light panel at least partially disposed in the cavity between the light module and the
aperture. The digital light panel has at least one opening defining a base pattern configuration
corresponding to the predetermined illumination pattern for aligning the light emitted from the
light module through the opening into the base pattern configuration and subsequently projecting
the light through the aperture onto the surface in the predetermined illumination pattern.

[0005] In this way, the present invention reduces the cost of manufacturing
illumination systems of a vehicle in that the light may be projected onto any surface and that the
surface is not required to be a particular material having specific transparency properties.
Furthermore, the present invention allows for the aftermarket application of the illumination

device in that the illumination may be mounted to project the light onto the surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Other objects, features, and advantages of the present invention will be readily
appreciated as the same becomes better understood after reading the subsequent description
taken in connection with the accompanying drawing wherein:

[0007] Figure 1 is a perspective view of an illumination system having a surface and

an illumination device.
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[0008] Figure 2A is a perspective view of the illumination system with the
illumination device projecting light onto the surface in a predetermined illumination pattern.

[0009] Figure 2B is a perspective view of the illumination system with the
illumination device projecting light onto the surface in another predetermined illumination
pattern.

[0010] Figure 3 is a perspective view of the illumination device.

[0011] Figure 4 is an exploded top perspective view of an illumination device
showing a housing having first and second sections, a light module, a condensing lens, a digital
light panel rotatable about an axis, and an objective lens arrangement.

[0012] Figure 5 is an exploded bottom perspective view of the illumination device
shown in Figure 4 showing the housing having the first and second sections, the light module,
the condensing lens, the digital light panel rotatable about the axis, and the objective lens
arrangement.

[0013] Figure 6 is a perspective view of the light module, the condensing lens, the
digital light panel rotatable about the axis, and the objective lens arrangement shown in Figure 4.

[0014] Figure 7 is a cross-sectional view of the light module, the condensing lens, the
digital light panel rotatable about the axis, and the objective lens arrangement shown in Figure 4.

[0015] Figure 8 is an exploded top perspective view of an illumination device
showing a housing having first and second sections, a light module, a condensing lens, a digital
light panel fixed to the housing, and an objective lens arrangement.

[0016] Figure 9 is an exploded bottom perspective view of the illumination device

shown in Figure 8 showing the housing having the first and second sections, the light module,
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the condensing lens, the digital light panel fixed to the housing, and the objective lens
arrangement.
[0017] Figure 10 is a perspective view of the light module, the condensing lens, the
digital light panel fixed to the housing, and the objective lens arrangement shown in Figure 8.
[0018] Figure 11 is a cross-sectional view of the light module, the condensing lens,

the digital light panel fixed to the housing, and the objective lens arrangement shown in Figure 8.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Referring now to the drawings, where like numerals are used to designate like
structure, an illumination system is illustrated at 20 in Figure 1. The illumination system 20 may
be adapted for use with a vehicle for transporting one or more occupants. However, it is to be
appreciated that the illumination system 20 may be adapted for use in any system requiring
illumination. The illumination system 20 includes a surface illustrated at 22 in Figure 1. The
surface 22 may be defined by a component within an interior of the vehicle, including but not
limited to a door panel, a vehicle floor (such as on carpeting or on a floor mat in the passenger
compartment or in a cargo area), and a vehicle ceiling. Furthermore, the surface 22 may be
defined by any suitable component of an exterior of the vehicle, including, but not limited to, a
body panel, a vehicle glass, and a wheel. It is to be appreciated that the surface 22 may be
defined by any object proximate to the vehicle, such as the ground upon which the vehicle is
disposed. It is also to be appreciated that the illumination system 20 may be a plurality of
surfaces 22.

[0020] The illumination system 20 includes an illumination device 24, commonly
referred to in the art as a shadow-lamp or a logo-lamp, for projecting light L in a predetermined

illumination pattern 26 on the surface 22, as shown in Figures 2A and 2B. The predetermined
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illumination pattern 26 is shown as a star in Figures 2A and 2B for exemplary purposes. It is to
be appreciated that the predetermined illumination pattern 26 may be any shape, logo, pattern,
etc. and may be any configuration, orientation, etc., of the light L, including, but not limited to
animated or dynamic images. As such, the predetermined illumination pattern 26 is
contemplated when designing the illumination device 24, itself, as well as the position of the
illumination device 24 relative to the surface 22. It is to be appreciated that the illumination
device 24 may be a plurality of illumination devices 24 for projecting light L in the
predetermined illumination pattern 26 on the surface 22 or on the plurality of surfaces 22 (which
is illustrated in Figures 1-2B for demonstrative purposes only).

[0021] As shown in Figures 4 and 8, the illumination device 24 includes a housing 28
having a cavity 30 and an aperture 32 that opens into the cavity 30. The illumination device 24
further includes a light module 34 operatively attached to the housing 28 for selectively emitting
the light L into the cavity 30. Furthermore, the illumination device 24 includes a digital light
panel 36 at least partially disposed in the cavity 30 between the light module 34 and the aperture
32. The digital light panel 36 has at least one opening 38 defining a base pattern configuration
40 corresponding to the predetermined illumination pattern 26 for aligning the light L emitted
from the light module 34 through the opening 38 into the base pattern configuration 40 and
subsequently projecting the light L. through the aperture 32 onto the surface 22 in the
predetermined illumination pattern 26.

[0022] The opening 38 defining the base pattern configuration 40 of the digital light
panel 36 may vary for animating the predetermined illumination pattern 26. Said differently, the
opening 38 may progressively change in shape, size, orientation, ctc., which correspondingly

progressively changes the predetermined illumination pattern 26, which may be perceived by a
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person viewing the predetermined illumination pattern 26 as an animated or a dynamic image, as
shown comparatively between Figures 2A and 2B. Returning to Figures 4 and 8, the light
module 34 may emit the light L simultaneously with each variation of the opening 38 defining
the base pattern configuration 40 to animate the predetermined illumination pattern 26. Said
differently, the light L emitted from the light module 34 is timed to project through each
variation of the opening 38 defining the base pattern configuration 40 which is projected onto the
surface 22 in the predetermined illumination pattern 26 and vicwed as an animated or a dynamic
image. The varying of the opening 38 defining the base pattern configuration 40 for animating
the predetermined illumination pattern 26 will be described in greater detail below.

[0023] As shown in Figures 4, 5, 8, and 9, the housing 28 may have a first section 42
and a second section 44 with the first section 42 having the aperture 32. The first and second
sections 42, 44 cooperate to define the cavity 30. More specifically, the first section 42 defines a
first portion 46 of the cavity 30 and the second section 44 defines a second portion 48 of the
cavity 30.

[0024] As shown in Figure 3, the first section 42 may have a substantially cuboidal
configuration. Although not shown, the first section 42 may have a substantially cylindrical
configuration. It is to be appreciated that the first section 42 may have any suitable shape. The
first section 42 has the aperture 32, with the aperture 32 opening into the first portion 46 of the
cavity 30. As shown in Figures 5 and 9, the first section 42 has an entrance opening 54 opposite
the aperture 32 that opens into the first portion 46 of the cavity 30.

[0025] Referring now to Figures 4 and 8, the second section 44 may have a
substantially cuboidal configuration. It is to be appreciated that the second section 44 may have

any suitable shape. The second section 44 may have a first opening 56 adjacent the entrance
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opening 54 of the first section 42 for permitting interconnection of the first and second portions
46, 48 of the cavity 30. The one of the first and second sections 42, 44 may have a second
opening 60 spaced from the first opening 56 for permitting electrical coupling with the light
module 34. The second opening 60 may accept an electrical connector (which is not shown but
is generally understood in the art). The electrical connector couples with the light module 34 to
provide electricity to the light module 34.

[0026] The light module 34 may be supported by the second section 44 above the
second portion 48 of the cavity 30 such that the light module 34 is disposed entirely within the
first portion 46 of the cavity 30 as shown. Alternatively, the light module 34 may be at least
partially disposed within each of the first and second portions 46, 48 of the first and second
sections 42, 44, respectively, with the light module 34 extending through each of the entrance
opening 54 of the first section 42 and the first opening 56 of the second section 44. It is to be
appreciated that the light module 34 may be positioned anywhere within the cavity 30 of the
housing 28.

[0027] As shown in Figures 4, 5, 8 and 9, the light module 34 may include a printed
circuit board 62 supporting a light source 64 with the printed circuit board 62 coupled to the
housing 28. The printed circuit board 62 may be supported by the second section 44 above the
second portion 48 of the cavity 30 such that the printed circuit board 62 is disposed entirely
within the first portion 46 of the cavity 30. Alternatively, the printed circuit board 62 may be
disposed within the second portion 48 of the cavity 30 and mounted to the second section 44.
The printed circuit board 62 selectively provides electricity to the light source 64 for selectively
emitting the light L therefrom. Furthermore, the amount of current provided by the printed

circuit board 62 may vary depending on the application. In one non-limiting example, the
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printed circuit board 62 may provide greater than zero milliamps (mA) of current and less than or
equal to 50 mA of current when used in the interior of the vehicle. As another non-limiting
example the printed circuit board 62 may provide greater than or equal to 350 mA of current and
less than or equal to 700 mA of current.

[0028] As shown in Figures 4, 7, 8, and 11, the light module 34 may include a semi-
conductor light source 66. More specifically, the light source 64 described above may be further
defined as the semi-conductor light source 66. In one embodiment, the semi-conductor light
source 66 is supported by and electrically coupled to the printed circuit board 62. As such, the
semi-conductor light source 66 may extend from the printed circuit board 62 such that the semi-
conductor light source 66 faces the aperture 32 for emitting the light L toward the aperture 32. It
is to be appreciated that the semi-conductor light source 66 may be anywhere in the cavity 30.

[0029] The semi-conductor light source 66 may be further defined as a light emitting
diode. Alternatively, the semi-conductor light source 66 may be further defined as a laser light
source. In any embodiment, the semi-conductor light source 66 is capable of emitting any type
of light. For example, the semi-conductor light source 66 may be capable of emitting visible
light across the color spectrum. As another example, the semi-conductor light source 66 may
also be capable of emitting non-visible light such as ultraviolet light which may illuminate a
fluorescent material on the surface 22. It is to be appreciated that the semi-conductor light
source 66 may be a single-color semi-conductor light source capable of emitting what is typically
referred to as visible white light. It is also to be appreciated that the semi-conductor light source
66 may be a multi-color semi-conductor light source with the semi-conductor light source 66
capable of emitting specific colors of the visible spectrum of the light L. For example, the semi-

conductor light source 66 may be a red-green-blue (RGB) L.E.D. capable of individually
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emitting visible red, green, and blue light, or in combination emitting colored light formed by the
combination of at least two of the visible red, green, and blue light.

[0030] In addition, the semi-conductor light source 66 may be capable of emitting the
light L in any direction. For example, the semi-conductor light source 66 may be a 60 degree
semi-conductor light source as shown in Figures 4, 7, 8, and 11, with the semi-conductor light
source 66 emitting the light L in a conical shape having an angle of 60 degrees between the
outermost light [ as measured along a plane extending through a center of the light L. It is to be
appreciated that semi-conductor light source 66 may be a 120 degree semi-conductor light
source. It is also to be appreciated that the semi-conductor light 66 source may emit the light L
at any suitable angle.

[0031] In any embodiment, the semi-conductor light source 66 is capable of emitting
the light L at any intensity. It will be appreciated that the semi-conductor light source 66 could
be of any suitable type or configuration and could include any suitable number of semi-
conductor light sources 66 without departing from the scope of the present invention.

[0032] As shown in Figures 4, 7, 8, and 11, the illumination device 24 may further
include a condensing lens 68 disposed between the light module 34 and the digital light panel 36
for collimating the light L emitted from the light module 34 toward the digital light panel 36.
The condensing lens 68 may have a central portion 70 having an at least partially circular
configuration and a mounting body 72 disposed about a periphery of the central portion 70.

[0033] The illumination device 24 may further include a spacer 74 having an annular
configuration and disposed between light module 34 and the condensing lens 68 for guiding the
light L into the condensing lens 68. The spacer 74 is disposed about the light source 64 and

extends toward and abutting the printed circuit board 62. The condensing lens 68 is supported
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by the spacer 74 above the printed circuit board 62. The light source 64 is disposed within the
spacer 74 below the central portion 70. As such, the light L emitted from the light source 64 is
partially retained by the spacer 74, the printed circuit board 62, and the central portion 70. At
least the central portion 70 of the condensing lens 68 may be transparent such that the light L
may pass through the central portion 70. The mounting body 72 may be opaque such that the
light L may not pass through the mounting body 72.

[0034] The spacer 74 and the printed circuit board 62 redirect the light L emitted
from the light source 64 toward the central portion 70 where the light L can pass therethrough. It
is to be appreciated that the central portion 70 may have any suitable amount of transparency.
Conversely, the central portion 70 may have any suitable amount of opaqueness. In one
embodiment, the central portion 70 is in axial alignment with the light source 64 and the aperture
32. Itis to be appreciated that the central portion 70 may be misaligned from the light source 64
and the aperture 32.

[0035] The central portion 70 may have a partially convex configuration as shown in
Figure 7 and 11. More specifically, the central portion 70 may have an entrance surface 75 and
an exit surface 77 with the entrance surface 75 having a substantially planar configuration facing
the light source 64 and the exit surface 77 having an arcuate configuration bowing outwardly
toward the aperture 32. Alternatively, the central portion 70 may have a convex configuration
with the entrance surface 75 bowing outwardly toward the light source 64 and the exit surface 77
bowing outwardly toward the aperture 32. It is to be appreciated that the condensing lens 68
may be any suitable configuration (such as a concave configuration), and may be any suitable

distance from the semi-conductor light source 66 for collimating the light L.
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[0036] The central portion 70 of the condensing lens 68 collimates the light L such
that the light L emits from the light source 64 in random, transverse directions may be gathered
in the central portion 70 of the condensing lens 68 and redirected into substantially parallel light
L directed toward the aperture 32. For example, if the semi-conductor light source 66 is the 60
degree semi-conductor light source, the central portion 70 collimates the light L emitted in a 60
degree conical shape into a column of substantially parallel light L.

[0037] As shown in Figures 4, 7, 8, and 11, the illumination device 24 may further
include an objective lens arrangement 78 disposed between the digital light panel 36 and the
aperture 32 for transforming the light L from the base pattern configuration 40 into the
predetermined illumination pattern 26. The objective lens arrangement 78 may perform any one
of or any combination of the functions of repairing chromatic aberrations in the light L, inverting
the light L from the base pattern configuration 40 to the predetermined illumination pattern 26,
and focusing the base pattern configuration 40 into the predetermined illumination pattern 26 on
the surface 22 having a specific size (i.e., the focal length). It is to be appreciated that the
objective lens arrangement 78 may perform further functions not specifically described herein.

[0038] As shown in Figures 4, 7, 8, and 11, the objective lens arrangement 78 may
include a first lens 80 and a second lens 82 with the first lens 80 disposed between the light
module 34 and the second lens 82. As such, the second lens 82 is disposed between the first lens
80 and the aperture 32. The objective lens arrangement 78 may further include a third lens 84
disposed between the second lens 82 and the aperture 32. It is to be appreciated that the
objective lens arrangement 78 may be comprised of any number of lenses.

[0039] In one embodiment, the light source 64, the condensing lens 68, the digital

light panel 36, the first lens 80, the second lens 82, the third lens 84, and the aperture 32 are

11



CA 02949845 2016-12-23

gencerally lincarly aligned, as shown in Figures 7 and 11. The general linear alignment increases
the efficiency of the illumination device 24 by facilitating a direct path for the light L from the
emission of the light L at the light source 64 to the passage of the light L out of the cavity 30 of
the housing 28 through the aperture 32. It is to be appreciated that these components may be
misaligned.

[0040] Each of the first, sccond, and third lenses 80, 82, 84 may have a central body
88, 90, 91 and a mounting frame 92, 94, 95 radially disposed about the central body 88, 90, 91.
As described above, the first, second, and third lenses 80, 82, 84 may be aligned with the light
source 64, the condensing lens 68, the digital light panel 36, and the aperture 32. More
specifically, the central body 88, 90, 91 of each of the first, second, and third lenses 80, 82, 84
may be aligned with the light source 64, the central portion 70 of the condensing lens 68, the
digital light panel 36, and the aperture 32.

[0041] The mounting frame 92, 94, 95 may extend radially from the central body 88,
90, 91 of each the first, second, and third lenses 80, 82, 84. It is to be appreciated that the
mounting frame 92, 94, 95 may extend in any suitable direction.

[0042] In one embodiment, at least the central body 88, 90, 91 of each of the first,
second, and third lenses 80, 82, 84 is transparent such that the light L may pass through the
central body 88, 90, 91. The mounting frame 92, 94, 95 of the first, second, and third lenses 80,
82, 84 may also be transparent. Alternatively, the mounting frame 92, 94, 95 of each of the first,
second, and third lenses 80, 82, 84 may be opaque such that the light L may not pass through the
mounting frame 92, 94, 95. As such, the mounting frame 92, 94, 95 of each of the first, second,
and third lenses 80, 82, 84 redirect the light L emitted from the light source 64 toward the central

body 88, 90, 91 of each of the first, second, and third lenses 80, 82, 84 where the light L can pass
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therethrough. It is to be appreciated that the central body 88, 90, 91 and the mounting frame 92,
94, 95 of each of the first, second, and third lenses 80, 82, 84 may have any suitable amount of
transparency. Conversely, the central body 88, 90, 91 and the mounting frame 92, 94, 95 of each
of the first, second, and third lenses 80, 82, 84 may have any suitable amount of opaqueness.

[0043] As shown in Figures 7 and 11, the first lens 80 may have first and second
surfaces 96, 98 spaced from one another and the second lens 82 may have first and second
surfaces 100, 102 spaced from one another with the first surface 96 of the first lens 80 facing the
light module 34, the second surface 102 of the second lens 82 facing the aperture 32, and with
the second surface 98 of the first lens 80 and the first surface 100 of the second lens 82 facing
one another. Furthermore, the third lens 84 may have first and second surfaces 104, 106 spaced
from one another with the first surface 104 of the third lens 84 facing the second surface 102 of
the second lens 82 and the second surface 106 of the third lens 84 facing the aperture 32. The
second surface 98 of the first lens 80 and the first surface 100 of the second lens 82 may be
spaced from each other. The second surface 102 of the second lens 82 and the first surface 104
of the third lens 84 may be spaced from each other. It is to be appreciated that the second
surface 98 of the first lens 80 may abut the first surface 100 of the second lens 82. Likewise, it is
to be appreciated that the second surface 102 of the second lens 82 may abut the first surface 104
of the third lens 84.

[0044] As shown in Figures 7 and 11, each of the first and second surfaces 96, 98,
100, 102 of the first and second lenses 80, 82 may be curved. In one embodiment, each of the
first and second surfaces 96, 98, 100, 102 of each of the first and second lenses 80, 82 is curved
at the central body 88, 90 of each of the first and second lenses 80, 82. Each of the first and

second surfaces 96, 98, 100, 102 of each of the first and second lenses 80, 82 may be

13



CA 02949845 2016-12-23

substantially convex such that the first surfaces 96, 100 bow outwardly toward the light source
64 and the second surfaces 98, 102 bow outwardly toward the aperture 32. It is to be appreciated
that any of the first and second surfaces 96, 98, 100, 102 of the first and second lenses 80, 82
may have a substantially concave configuration, a substantially planar configuration, or any other
suitable configuration.

[0045] As shown in Figures 7 and 11, the first surface 104 of the third lens 84 may be
curved and the second surface 106 of the third lens 84 may be substantially planar. Moreover,
the first surface 104 of the third lens 84 may be substantially convex such that the first surface
104 bows outwardly toward the light source 64. It is to be appreciated that the first and second
surfaces 104, 106 of the third lens 84 may have a substantially convex, substantially concave,
substantially planar configuration, or any other suitable configuration.

[0046] As shown in Figures 7 and 11, the first and second surfaces 96, 98, 100, 102
of the first and second lenses 80, 82 and the first surface 104 of the third lens 84 may have
substantially equal radii. It is to be appreciated that the radius of each of the first and second
surfaces 96, 98, 100, 102 of the first and second lenses 80, 82 and the first surface 104 of the
third lens 84 may be any suitable radius. Furthermore, it is to be appreciated that the first,
second, and third lenses 80, 82, 84 may be configured in any way suitable for performing desired
functions including, but not limited to, repairing chromatic aberrations in the light L, inverting
the light L from the base pattern configuration 40 to the predetermined illumination pattern 26,
and focusing the base pattern configuration 40 into the predetermined illumination pattern 26 on
the surface 22 having a specific size. It is to be appreciated that the first and second surfaces 96,

98, 100, 102 of the first and second lenses 80, 82 and the first surface 104 of the third lens 84
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may have any suitable size, shape, and configuration without escaping the scope of the present
invention.

[0047] The condensing lens 68 and the first, second, and third lenses 80, 82, 84 may
be comprised of polycarbonate. It is to be appreciated that the condensing lens 68 and the first,
second, and third lenses 80, 82, 84 may be comprised of poly(methyl methacrylate) (“PMMA?”),
glass, silicone, or any other suitable material for allowing transmission of the light L
therethrough. It is also to be appreciated that the condensing lens 68 and the first, second, and
third lenses 80, 82, 84 may be individually comprised of varying material. In one embodiment,
the condensing lens 68 and the first lens 80 comprise the same material. It is to be appreciated
that certain materials, such as silicone, have properties conducive to light having an increased
intensity, such as the light L emitted when used with the exterior of the vehicle.

[0048] As shown in Figures 4, 5, 8§, and 9, the illumination device 24 may further
include a frame 108 fixed to the housing 28 and having a bore 110 extending therethrough, with
the bore 110 aligned with the aperture 32 and the light module 34 and the digital light panel 36 at
least partially disposed within the bore 110. Furthermore, the bore 110 may be aligned with the
light source 64, the condensing lens 68, and the objective lens arrangement 78.

[0049] The frame 108 may have a substantially cylindrical configuration as shown in
Figures 4, 5, 8, and 9. It is to be appreciated that the frame 108 may have any suitable size,
shape, and configuration.

[0050] As shown in Figures 7 and 11, the frame 108 may be aligned with and

abutting the spacer 74. Said differently, the frame 108 and the spacer 74 may be stacked on one

another. It is to be appreciated that the frame 108 may be spaced from the spacer 74.
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Furthermore, it is to be appreciated that the frame 108 may positioned in any suitable position
relative to the spacer 74.

[0051] The frame 108 may have a slot 112 transverse to the bore 110 and opening
into the bore 110 with the digital light panel 36 extending into the bore 110 through the slot 112.
As shown in Figures 4, 5, 8, and 9, the slot 112 may have a substantially rectangular
configuration. It is to be appreciated that the slot 112 may have any suitable configuration for
accepting the digital light panel 36. The slot 112 may be longitudinally positioned transverse to
the alignment of the aperture 32, the light module 34, and the digital light panel 36. It is to be
appreciated that the slot 112 may be longitudinally positioned in any suitable orientation.

[0052] As shown in Figures 7 and 11, the objective lens arrangement 78 may be
disposed within the bore 110 between the slot 112 and the aperture 32 and may be coupled to the
frame 108 to fix the objective lens arrangement 78 to the housing 28. More specifically, the
frame 108 may have a plurality of objective lens channels 114 having a substantially annular
configuration, with each objective lens channel 114 independently accepting the mounting frame
92, 94, 95 of each of the first, second, and third lenses 80, 82, 84 therein. The disposition of the
mounting frame 92, 94, 95 in the objective lens channel 114 prevents movement of the
respective first, second, or third lenses 80, 82, 84 relative to the light source 64. As such, the
objective lens channel 114 fixes the objective lens arrangement 78 to the housing 28 and
maintains proper positioning of the objective lens arrangement 78 relative to the light source 64.
It is to be appreciated that the opposite may be true, i.e., the first, second, and third lenses 80, 82,
84 may each have the objective lens channel 114 and the frame 108 may have the mounting
frames 92, 94, 95. Furthermore, it is to be appreciated that the objective lens arrangement 78

may be coupled to the frame 108 through any suitable configuration.
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[0053] The condensing lens 68 may be disposed within the bore 110 between the slot
112 and the light module 34 and may be coupled to the frame 108 to fix the condensing lens 68
to the housing 28. More specifically, the frame 108 may have a condensing lens channel 116
having a substantially annular configuration, with the condensing lens channel 116 accepting the
mounting body 72 of the condensing lens 68 therein. The disposition of the mounting body 72 in
the condensing lens channel 116 prevents movement of the condensing lens 68 relative to the
light source 64. As such, the condensing lens channel 116 fixes the condensing lens 68 to the
housing 28 and maintains proper positioning of the condensing lens 68 relative to the light
source 64. It is to be appreciated that the opposite may be true, i.e., the condensing lens 68 may
have the condensing lens channel 116 and the frame 108 may have the mounting body 72.
Furthermore, it is to be appreciated that the condensing lens 68 may be coupled to the frame 108
through any suitable configuration.

[0054] As shown in Figures 6 and 10, the illumination device 24 may further include
a retainer 118. The retainer 118 may surround and frictionally engage the frame 108 to fix the
frame 108 to the retainer 118. The retainer 118 may be fixed to the housing 28 to fix the frame
108 to the housing 28. As shown in Figures 4 and 8, the retainer 118 may have a void 120
aligned with the slot 112 of the frame 108 that permits extension of the digital light panel 36
through the void 120 and the slot 112 into the bore 110 of the frame 108. It is to be appreciated
that the retainer 118 may have any suitable configuration to fix the frame 108 relative to the
housing 28.

[0055] As shown in Figures 4 and 8, the digital light panel 36 may have a
substantially thin and flat configuration parallel to the aperture 32. The digital light panel 36

may be positioned between the condensing lens 68 and the first lens 80. Furthermore, the digital

17



CA 02949845 2016-12-23

light panel 36 may extend into the bore 110 through the slot 112 such that the digital light panel
36 is at least partially disposed within the bore 110.

[0056] As described above, the opening 38 defining the base pattern configuration 40
of the digital light panel 36 may vary for animating the predetermined illumination pattern 26.
As shown in Figures 4-7, the digital light panel 36 may be movable relative to the housing 28
between at least two positions to vary the base pattern configuration 40. Moreover, the digital
light panel 36 may be movable relative to the housing 28 between a plurality of positions. In one
embodiment, the digital light panel 36 may be movable within the bore 110. In such an
embodiment, the movement of the digital light panel 36 in the bore 110 facilitates the variations
in the base pattern configuration 40.

[0057] The opening 38 may be further defined as a plurality of holes 122, with each
of the holes 122 movable with the digital light panel 36 into alignment between the light module
34 and the aperturc 32, and with the holes 122 independently defining the base pattern
configuration 40 when aligned between the light module 34 and the aperture 32. Each of the
holes 122 of the digital light panel 36 have the base pattern configuration 40 and permits the
transmission of the light L therethrough. As such, the holes 122 are shaped such that the light L
transmitted therethrough is similar to the predetermined illumination pattern 26 on the surface
22. It is to be appreciated that the digital light panel 36 may have a transparent or semi-
transparent panel disposed within any of the holes 122. For example, the panel may be colored
such that the light L transmitted through the panel takes on the colored properties of the panel
which is then projected on the surface 22. It is to be appreciated that the holes 122 of the digital
light panel 36 may be any suitable configuration for permitting the transmission of the light L

therethrough in the base pattern configuration 40.
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[0058] Because the holes 122 of the digital light panel 36 having the base pattern
configuration 40 dictate the predetermined illumination pattern 26 on the surface 22, significant
consideration is given to the shape, configuration, and orientation of the holes 122 relative to the
housing 28 during the design of the illumination device 24. As shown in Figures 4-7, the holes
122 of the digital light panel 36 have a configuration reminiscent of a running horse.
Furthermore, the image may be animated or dynamic such that the horse is viewed in the act of a
gallop. It is to be appreciated that this configuration is for exemplary purposes only and differs
from the star configuration of the predetermined illumination pattern 26 shown in figures 2A and
2B. If the light L were emitted through the holes 22, the light L would project onto the surface
22 in a predetermined illumination pattern reminiscent of a running horse.

[0059] In addition, the orientation of the housing 28 relative to surface 22 (such as
the rotational position of the housing 28 and thc angle at which the light L is projected from the
housing 28 onto the surface 22) is given consideration when designing the illumination system
20 to yield the desired predetermined illumination pattern 26. Furthermore, the effect that each
of the condensing lens 68 and the objective lens arrangement 78 have on the light L as the light L
projects from the light module 34 through the aperture 32 is also given consideration when
determining the size, shape, configuration, and material of the condensing lens 68 and the
objective lens arrangement 78.

[0060] The plurality of holes 122 may vary in configuration to vary the base
configuration for animating the predetermined illumination pattern 26. Said differently, the
plurality of holes 122 may progressively change in shape, size, orientation, etc., which
correspondingly progressively changes the base pattern configuration 40, which in-turn

progressively changes the predetermined illumination pattern 26. Moreover, the digital light

19



CA 02949845 2016-12-23

panel 36 may move to progressively position the plurality of holes 122 into alignment between
the light module 34 and the aperture 32 to transmit the light L. therethrough in the varying base
pattern configuration 40. As noted above, changes to the predetermined illumination pattern 26
may be perceived by a person viewing the predetermined illumination pattern 26 as an animated
or a dynamic image.

[0061] The movement of the digital light panel 36 may be further defined as rotation
about an axis A substantially parallel to the alignment between the light module 34 and the
aperture 32. The plurality of holes 122 may be positioned radially about the axis A. As such, the
holes 122 may rotate about the axis A and progressively position into alignment between the
light module 34 and the aperture 32. Therefore, rotation of the digital light panel 36 may
facilitate animation of the predetermined illumination pattern 26.

[0062] As shown in Figures 4-7, the digital light panel 36 may be spaced from the
printed circuit board 62. The illumination device 24 may further include an axle 123 extending
from the printed circuit board 62 along the axis A to a distal end. The digital light panel 36 may
be disposed on and rotatably coupled to the distal end of the axle 123. As such, the digital light
panel 36 is rotatably coupled to the housing 28. It is to be appreciated that the digital light panel
36 may be rotatably coupled to the housing 28 in any suitable way.

[0063] As shown in Figures 4-6, the digital light panel 36 may have a substantially
circular configuration centered about the axis A. It is to be appreciated that the digital light panel
36 may have any suitable configuration. Moreover, the digital light panel 36 may be movable
within the slot 112. In one embodiment, the digital light panel 36 moves within the slot 112 as
the digital light panel 36 rotates about the axis A. It is to be appreciated that the digital light

panel 36 may move within the slot 112 in any suitable configuration.
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[0064] As shown in Figures 4-7, the illumination device 24 may further include an
indexing interface 124 that aligns the digital light panel 36 relative to the housing 28 for
positioning the predetermined illumination pattern 26 on the surface 22. The alignment of the
digital light panel 36 may refer to the positioning of the opening 38 relative to the housing 28
such that the light L exits the digital light panel 36 in the base pattern configuration 40, passes
through the aperture 32, and is projected onto the surface 22 in the predetermined illumination
pattern 26 with the predetermined illumination pattern 26 rotationally aligned on the surface 22
in a desired orientation. Moreover, the indexing interface 124 may include an indexer 126
adjacent the digital light panel 36 to reference the position of the digital light panel 36 relative to
the housing 28 for timing the emission of the light L. from the light module 34. The indexer 126
may extend from the printed circuit board 62 substantially parallel to the axle. The indexer 126
may have an indexing slot 128 with a portion of the digital light panel 36 disposed within the
indexing slot 128. The digital light panel 36 may move within the indexing slot 128 and
interface with the indexing slot 128. Said differently, the digital light panel 36 may have
reference portions individually corresponding with the holes 122. The reference portions may
selectively move through the indexing slot 128. When disposed in the indexing slot 128, the
reference portions are recognized by the indexer 126. Recognition of the reference portion by
the indexer 126 causes the light module 34 to emit the light L. The reference portions are
oriented such that when the reference portions are recognized by the indexer 126, the
corresponding holes 122 are aligned between the light module 34 and the aperture 32.

[0065] As shown in Figures 8-11, the digital light panel 36 may be fixed relative to
the housing 28 and may selectively vary in transparency to vary the opening 38 which varies the

base pattern configuration 40. In one embodiment, the digital light panel 36 extends through the
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slot 112 and is disposed in the bore 110. The digital light panel 36 is fixed to the frame 108,
which fixes the .digital light panel 36 relative to the housing 28. It is to be appreciated that the
digital light panel 36 may be fixed relative to the housing 28 in any suitable manner.

[0066] The digital light panel 36 may have a selectively transparent portion 130
aligned between the light module 34 and the aperture 32. The selectively transparent portion 130
selcctively varies in transparency to vary the opening 38 which defines the base pattern
configuration 40. In one embodiment, the sclectively transparent portion 130 selectively
becomes opaque and defines a transparent or semi-transparent region, which is the opening 38
defining the base pattern configuration 40. The light L emitted may only transmit through the
transparent or semi-transparent region, which transmits the base pattern configuration 40 through
the aperture 32 and onto the surface 22 in the predetermined illumination pattern 26. The
variations in the transparency of the selectively transparent portion 130 may refer to the
selectively transparent portion 130 becoming opaque, transparent, or semi-transparent in varying
regions to vary the opening 38 defining the base pattern configuration 40. The selectively
transparent portion 130 may be colored such that the light L transmitted through the selectively
transparent portion 130 takes on the colored properties of the selectively transparent portion 130,
which is then projected on the surface 22. It is to be appreciated that the selectively transparent
portion 130 may be any suitable configuration for transmitting light L. therethrough in the base
pattern configuration 40.

[0067] In one embodiment, the digital light panel 36 is a digital light panel varying in
transparency. It is to be appreciated that the digital light panel 36 may vary in transparency in

any suitable configuration.
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[0068] Referring generally to the configurations shown in Figures 7 and 11, to project
the light L on the surface 22 in the predetermined illumination pattern 26, the light source 64 of
the light module 34 emits the light L in a plurality of directions. The light L transmits through
the condensing lens 68 and is collimated such that the light L is substantially parallel. The light
L transmits through the hole 122 of the digital light panel 36 aligned between the light module
34 and the aperture 32, as shown in Figure 7, or through the selectively transparent portion 130
of the digital light panel 36, as shown in Figure 11, and is configured into the base pattern
configuration 40. The light L then transmits through the objective lens arrangement 78 where
the light L is configured from the base pattern configuration 40 into the orientation that will be
the predetermined illumination pattern 26. The light L then passes through the aperture 32 and is
projected onto the surface 22 in the predetermined illumination pattern 26, as shown in Figure
2A. The light source 64 of the light module 34 stops emitting the light L.  The base
configuration of the digital light panel 36 is varied by moving another one of the plurality of
holes 122 into alignment between the light module 34 and the aperture 32 (in the embodiment
shown in Figure 7) or by varying the configuration of the selectively transparent portion 130 (in
the embodiment shown in Figure 11). The light L then transmits through the objective lens
arrangement 78 where the light L is configured from the base pattern configuration 40 into the
orientation that will be the predetermined illumination pattern 26. 'The light L then passes
through the aperture 32 and is projected onto the surface 22 in the predetermined illumination
pattern 26, as shown in Figure 2B. The variations in the predetermined illumination pattern 26
may be viewed as an animated image. Moreover, those having ordinary skill in the art will
appreciate that the illumination device of the present invention may be employed to project an

image on a number of different surfaces both in the interior as well as the exterior of an
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automotive vehicle. Thus, the example illustrated in Figures 2A and 2B are merely
representative of one operative application for the illumination device of the present invention.
Examples of other applications and locations are almost limitless. For example, the illumination
device of the present invention may be employed in conjunction with a side mirror or front
and/or rear bumper to project an image, either still, animated, or dynamic, on the surface located
below the side mirror and bumper.

[0069] In this way, the present invention reduces the cost of manufacturing the
illumination systems 20 of the vehicle. Specifically, the light L. may be projected onto any
surface 22. As such, the surface 22 is not required to be a particular material having specific
transparency properties to allow for light to be projected therethrough from behind the surface
22. Furthermore, the present invention allows for the aftermarket application of the illumination
device 24 in that the illumination device 24 may be mounted to project the light . onto the
surface 22. It will be appreciated that the present invention is compatible with and can be
incorporated modularly into a number of different types of applications within vehicles without
necessitating significant changes to existing manufacturing equipment and/or tooling.

[0070] The invention has been described in an illustrative manner. It is to be
understood that the terminology which has been used is intended to be in the nature of words of
description rather than of limitation. Many modifications and variations of the invention are
possible in light of the above teachings. Therefore, within the scope of the appended claims, the

invention may be practiced other than as specifically described.
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What is claimed is:

1. An illumination device for projecting light in a predetermined illumination pattern
on a surface, said illumination device comprising:

a housing having a cavity and an aperture that opens into said cavity;

a light module operatively attached to said housing for selectively emitting the light into
said cavity; and

a digital light panel at least partially disposed in said cavity between said light module
and said aperture and having at least one opening defining a base pattern configuration
corresponding to the predetermined illumination pattern for aligning the light emitted from said
light module through said opening into said base pattern configuration and subsequently
projecting the light through said aperture onto the surface in the predetermined illumination

pattern.

2. The illumination device as set forth in claim 1 further including an indexing
interface that aligns said digital light panel relative to said housing for positioning the

predetermined illumination pattern on the surface.

3. The illumination device as set forth in claim 1 further including an objective lens
arrangement disposed between said digital light panel and said aperture for transforming the light

from the base pattern configuration into the predetermined illumination pattern.
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4. The illumination device as set forth in claim 3 wherein said objective lens
arrangement includes a first lens and a second lens with said first lens disposed between said
light module and said second lens.

5. The illumination device as set forth in claim 4 wherein said first lens has first and
second surfaces spaced from one another and said second lens has first and second surfaces
spaced from one another with said first surface of said first lens facing said light module, said
second surface of said second lens facing said aperture, and with said second surface of said first

lens and said first surface of said second lens facing one another.

6. The illumination device as set forth in claim 5 wherein each of said first and

second surfaces of said first and second lenses are curved with each surface having a radius.

7. The illumination device as set forth in claim 1 further including a condensing lens
disposed between said light module and said digital light panel for collimating the light emitted

from said light module toward said digital light panel.

8. The illumination device as set forth in claim 7 further including a spacer having

an annular configuration and disposed between light module and said condensing lens for

guiding the light into the condensing lens.

9. The illumination device as set forth in claim 1 wherein said light module includes

a semi-conductor light source.
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10.  The illumination device as set forth in claim 1 wherein said light module includes

a printed circuit board supporting a light source and coupled to said housing.

11. The illumination device as set forth in claim 1 wherein said housing has a first

section and a second section with said first section having said aperture.

12.  The illumination device as set forth in claim 1 further including a frame fixed to
said housing and having a bore extending therethrough, with said bore aligned with said aperture

and said light module and said digital light panel at least partially disposed within said bore.

13.  The illumination device as set forth in claim 12 wherein said digital light panel is

movable within said bore.

14. The illumination device as set forth in claim 12 wherein said frame has a slot
transverse to said bore and opening into said bore with said digital light panel extending into said

bore through said slot.

15.  The illumination device as set forth in claim 14 further including an objective lens

arrangement disposed within said bore between said slot and said aperture and coupled to said

frame to fix said objective lens arrangement to said housing.
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16. The illumination device as set forth in claim 14 further including a condensing
lens disposed within said bore between said slot and said light module and coupled to said frame

to fix said condensing lens to said housing.

17.  The illumination device as set forth in claim 1 wherein said digital light panel is
movable relative to said housing between at least two positions to vary said base pattern

configuration.

18. The illumination device as set forth in claim 17 wherein said opening is further
defined as a plurality of voids, with each of said voids movable with said digital light panel into
alignment between said light module and said aperture, and with said voids independently
defining said base pattern configuration when aligned between said light module and said

aperture.

19. The illumination device as set forth in claim 17 further including an indexing

interface that aligns said digital light panel relative to said housing for positioning the

predetermined illumination pattern on the surface.
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20.  Anillumination system comprising:
a surface; and
an illumination device comprising:

a housing having a cavity and an aperture that opens into said cavity;

a light module operatively attached to said housing and selectively emitting light into said
cavity; and

a digital light panel at least partially disposed in said cavity between said light module
and said aperture and having at least one opening defining a base pattern configuration
corresponding to a predetermined illumination pattern on said surface, said digital light panel
aligning said light emitted from said light module through said opening into said base pattern
configuration and subsequently projecting said light through said aperture onto said surface in

said predetermined illumination pattern.
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