wo 2016/115527 A1 [N 0000 00 00O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

21 July 2016 (21.07.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/115527 Al

(51

eay)

(22)

(25)
(26)
(30)

(63)

1

(72

International Patent Classification:

F21V 7/04 (2006.01) F21L 4/02 (2006.01)
F21V 7/00 (2006.01) GO3B 15/05 (2006.01)
F21V 7/09 (2006.01)

International Application Number:
PCT/US2016/013712

International Filing Date:
15 January 2016 (15.01.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/104,038 15 January 2015 (15.01.2015) US
62/169,491 1 June 2015 (01.06.2015) US
14/996,152 14 January 2016 (14.01.2016) US

Related by continuation (CON) or continuation-in-part
(CIP) to earlier application:

Us 14/996,152 (CON)
Filed on 14 January 2016 (14.01.2016)

Applicant: SUREFIRE, LLC [US/US]; 18300 Mt. Baldy
Circle, Fountain Valley, CA 92708 (US).

Inventors: SHATZ, Narkis; SureFire, LLC, 18300 Mt.
Baldy Circle, Fountain Valley, CA 92708 (US). BORTZ,
John C.; SureFire, LLC, 18300 Mt. Baldy Circle, Fountain

(74

(8D

(84)

Valley, CA 92708 (US). MATTHEWS, John, W.; Sure-
Fire, LLC, 18300 Mt. Baldy Circle, Fountain Valley, CA
92708 (US).

Agent: FOLSOM, Brent, A.; Haynes and Boone, LLP, IP
Docketing Department, 2323 Victory Avenue, Suite 700,
Dallas, TX 75219-7673 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, 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, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

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

[Continued on next page]

(54) Title: ILLUMINATION DEVICE FOR PERFORMING VIDEOGRAPHY AND PHOTOGRAPHY WITH MOBILE
DEVICES

(57) Abstract: Illumination devices may be provided with
one or more light sources that emit light of the same, simil-
ar, and/or different optical spectra within a wavelength
range, for example, from the extreme ultraviolet (UV) to the
far infrared (IR). One or more of the light sources may be
selectively adjusted to control the overall mix of light pro-
jected onto a scene of interest. For example, one or more
light sources may be used, and sometimes in conjunction
with other optical elements, to provide illumination having
a particular angular intensity distribution, color temperature,
and/or other desired optical properties for a scene within a
field of view (FOV) of the camera of a mobile device used
for videography and/or photography. One or more illumina-
tion devices may also be used as flashlights and/or as
sources of electrical power for recharging mobile devices.
Related methods are provided.



WO 2016/115527 A1 WK 00N 0 TGO A

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2016/115527 PCT/US2016/013712

ILLUMINATION DEVICE FOR PERFORMING
VIDEOGRAPHY AND PHOTOGRAPHY WITH MOBILE DEVICES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is a continuation of U.S, Patent Application No. 14/996,152 filed
January 14, 2016 and entitled “ILLUMINATION DEVICE FOR PERFORMING
VIDEOGRAPHY AND PHOTOGRAPHY WITH MOBILE DEVICES”, which claims
priority to and the benefit of U.S. Provisional Patent Application No. 62/104,038 filed
January 15, 2015 and entitled “LIGHTING DEVICE WITH REFLECTIVE NON-
PARABOLOIDAL BEAM-SHAPING OPTICS AND LIGHTING DEVICE
ATTACHMENT FOR MOBILE DEVICES”. U.S. Patent Application No. 14/996,152 also
claims priority to and the benefit of U.S. Provisional Patent Application No. 62/169,491 filed
June 1, 2015 and entitled “ILLUMINATION DEVICE FOR PERFORMING
VIDEOGRAPHY AND PHOTOGRAPHY WITH MOBILE DEVICES”. All of the above-
cited patent applications are hereby incorporated by reference in their entirety.
[0002] This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 62/104,038 filed January 15, 2015 and entitled “LIGHTING DEVICE WITH
REFLECTIVE NON-PARABOLOIDAL BEAM-SHAPING OPTICS AND LIGHTING
DEVICE ATTACHMENT FOR MOBILE DEVICES” which is hereby incorporated by
reference in its entirety.
[0003] This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 62/169,491 filed June 1, 2015 and entitled “ILLUMINATION DEVICE
FOR PERFORMING VIDEOGRAPHY AND PHOTOGRAPHY WITH MOBILE
DEVICES” which is hereby incorporated by reference in its entirety.
[0004] This application is related to U.S. Patent Application No. 14/996,135 filed January 14,
2016 and entitled “REFLECTIVE NON-PARABOLOIDAL BEAM-SHAPING OPTICS”
which is hereby incorporated by reference in its entirety.
[0005] This application is related to U.S. Patent Application No. 14/996,178 filed January 14,
2016 and entitled “LIGHTING DEVICE ATTACHMENT FOR MOBILE DEVICES” which

is hereby incorporated by reference in its entirety.
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BACKGROUND
Field of the Invention
[0006] In some embodiments, the present invention generally relates to beam-shaping optics
for lighting devices, lighting device attachments for mobile devices, portable illumination
devices for performing videography and photography with mobile phones and other mobile
devices, and the use of such portable illumination devices as flashlights and as sources of

electrical power for the recharging of batteries in mobile devices.

Related Art

[0007] Lighting devices, such as flashlights, headlamps, and others, typically include
reflective optics for projecting light from a light source from the lighting device.
Conventional reflective optics for projecting light onto distant objects are typically
paraboloidal in shape. Paraboloidal reflective optics produce a narrow collimated beam
centered on a wide-angle surround beam of much lower intensity. The peak intensity
produced by such optics can approach the maximum peak intensity value theoretically
achievable using a given light source, for a specified exit-pupil area. However, the surround-
beam intensity outside the central collimated portion of beams produced by parabbloidal
reflective optics is typically lower than would be preferred by most users, even for viewing
objects at relatively short ranges.

[0008] In addition, the beam quality (i.e., beam smoothness) produced by a paraboloidal
reflector is often poor in the central collimated region due to imaging of various structures in
the light source, For this reason, the paraboloidal shape of the reflector is often modified
slightly by the addition of texturing on the surface of the reflector. This texturing has the
effect of diffusing the collimated portion of the output, thereby producing a smoother
collimated output. The texturing is often created by spraying droplets of a viscous liquid onto
the reflector’s surface and allowing it to solidify. The effect of such texturing on the optical
output is difficult to control, so considerable trial and error in spraying the droplets is often
required to achieve satisfactory results. An alternative to such texturing is to place a
refractive diffuser behind a protective cover glass of the flashlight. However, this increases
the cost of the flashlight and reduces the light output due to Fresnel reflection.

[0009] Paraboloidal reflectors also generate a surround beam that commonly extends out to
off-axis angles beyond which the light is of benefit to the typical user. It would be preferable
in most cases to transfer some or all of this light to angular regions closer to the optical axis.

This can sometimes be achieved by reducing the focal length of the paraboloid, thereby
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producing a deeper reflector that collects and collimates more of the light from the source and
reduces the angular width of the surround beam. However, in many cases reducing the focal
length can be difficult or impossible due to the need to avoid a reflective surface that is
impractically close to the light source and prevents providing sufficient space for the light
source to be mounted with adequate clearance. It would therefore be desirable to provide
improved reflectors for lighting devices.

[0010] Mobile devices such as cameras, smartphones, tablets, personal digital assistants,
laptop computers and others often include one or more light sources such as light emitting
diode light (LED) light sources. These light sources are sometimes operated in conjunction
with an image sensor in the mobile device to capture still or video images by using the light
sources to illuminate the imaged scene. In other applications, the light sources are sometimes
used as a temporary substitute for a flashlight.

[0011] The ever-present consumer demand for lighter and smaller devices and for longer
battery life in the devices poses a challenge to provide light sources in mobile devices that
provide sufficient illumination, illumination of a desirable color, and/or illumination with an
effective beam shape for image capture and other scene illumination purposes without
creating undesirably bulky or power hungry devices. It would therefore be desirable to
provide improved lighting capabilities for mobile devices.

[0012] Mobile devices such as cameras, smartphones, tablet computers, personal digital
assistants, laptop computers, and other similar devices generally include one or more built-in
illuminators that utilize light sources such as light emitting diodes (LEDs). These built-in
illuminators are operated in conjunction with a camera in the mobile device to supplement
ambient illumination when capturing still and/or video imagery at short ranges (e.g., several
feet). Such illuminators are sometimes also used as backup flashlights.

[0013] The built-in illuminators in current mobile devices generally provide inadequate
illumination under low-ambient-lighting conditionsbfor still photography and, especially, for
videography at substantially longer image-capture ranges (e.g., up to 50 feet). Even for
scenes illuminated by moderate to high levels of ambient light, these built-in illuminators
often fail to provide adequate supplemental illumination to reduce image contrast to
acceptable levels when there are large differences in the level of ambient illumination
between different regions within a scene to be imaged (e.g., a person standing in a shaded
area with a light-colored, sun-illuminated building in the background). Therefore, there is a
need for improved illuminators capable of producing significantly higher intensity levels for

use with mobile devices.
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[0014] Due to constraints on weight, volume, shape (e.g., thickness), and available electrical
power, it is difficult to incorporate into a given mobile device a built-in illuminator that
provides adequate performance over a wide range of commonly encountered ambient lighting
conditions, particularly in the case of small mobile devices such as mobile phones, and also
particularly for videography. ‘Therefore, a stand-alone portable illumination device that can
be utilized as needed with one or more mobile devices can provide significant performance
benefits relative to built-in illumination devices.

[0015] There is demand among some consumers for the ability to reduce or eliminate
unnatural color casts in images captured by cameras in mobile devices via adjustment of the
color temperature of the light produced by the illuminator. The built-in illuminators in most
current mobile devices have no capability for adjustment of the color temperature. Although
color casts can be adjusted in post processing of images (e.g., using Photoshop or similar
software), it would be far preferable, particularly in the case of video imagery, to use an
illuminator with an adjustable color temperature.

[0016] The output angular beam widths and beam shapes provided by built-in illuminators in
the vast majority of current mobile devices are rotationally symmetrical and non-adjustable,
even though the horizontal and vertical field of view (FOV) of still and video imagery
captured by a given mobile device can vary greatly depending on its settings (e.g., zoom
setting or video-format setting). The light projected by an illuminator outside the camera’s
FOV does not contribute to illuminating the scene being captured and represents a waste of
energy. It may therefore be desirable to provide illuminators with adjustable beam widths

and beams shapes for use with mobile devices.

SUMMARY
[0017] Various techniques are provided to control the beam shape of a light beam projected
by a lighting device. For example, the lighting device may include a non-paraboloidal
monolithic beam-shaping reflector. The reflector may be a monolithic structure that
generates a high-quality output beam without requiring the use of texturing or a diffuser
while providing significantly higher surround-beam intensity levels, within a desired angular
extent, than could be produced by a paraboloidal reflector having the same aperture size.
[0018] The monolithic beam-shaping reflector may be a monolithic reflective optical element
having an internal surface that defines a cavity within which a light source such as a light-
emitting diode (LED) light source can be at least partially disposed to emit light onto the

internal surface. The internal surface may be a non-paraboloidal reflective surface having
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longitudinal undulations that generates a light beam having the desired intensity levels at
different angles off axis. The internal surface may be faceted or non-faceted. For example,
in some embodiments, the internal surface may include a plurality of facets each having
longitudinal undulations, A monolithic beam-shaping reflector with a faceted internal surface
may have longitudinal undulations and an axial asymmetry latitudinally about a symmetry
axis of an order that is equal to the number of facets. The symmetry axis of a faceted
reflector may coincide with an optical axis of the reflector. The faceted internal surface may
have a profile in any plane containing the surface’s symmetry axis that includes longitudinal
undulations.

[0019] In another example, the internal surface may be a non-faceted non-paraboloidal
surface having longitudinal undulations. A monolithic beam-shaping reflector with a non-
faceted internal surface may be a smoothly continuous surface that includes longitudinal
undulations and that has axial symmetry of approximately infinite order latitudinally about a
symmetry axis. The symmetry axis of a non-faceted reflector may also coincide with an
optical axis of the reflector.

[0020] Undulations on the internal surface of the reflector (in cooperation with the facets in
embodiments in which the internal surface is also faceted) may smooth the light beam,
eliminating spatial beam structure that would otherwise be produced by a reflector, such as an
untextured paraboloid that forms far-field images of structure present in the light source.
[0021] In faceted embodiments, as a result of the faceting, the reflector may have a cross
section that is a regular polygon such as a 20-sided polygon. That is, the shape of the
intersection of the reflective surface with any plane perpendicular to the optical axis may be a
regular polygon such as a 20-sided regular polygon centered on the optical axis of the
reflector. The reflector may have an aperture defined by an opening that is opposite to an
opening in which the light source is disposed. The aperture of a faceted reflector may have
an aperture size defined as the diameter of the circle that intersects the center of each side of
the polygonal exit pupil. The reflector may have a shape profile in a plane that passes through
both the symmetry axis of the reflective surface and the center of one of the facets that
includes smooth, continuous longitudinal undulations.

[0022] The reflector may be substantially longer than a paraboloidal reflector having the
same aperture size, thereby reducing the angular extent of thve surround beam and providing
relatively more light to angular regions that are closer to the center of the beam where it may

be of greater benefit to a typical user.
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[0023] In one embodiment, a lighting device is provided that includes a light source adapted
to project light; and a reflective optical element having: an internal surface, a cavity defined
by the internal surface, a first opening at a first end, a second opening at an opposing second
end, a plurality of facets on the internal surface that each extend continuously and
longitudinally from the first opening to the second opening, in which each of the plurality of
facets has a surface that forms a portion of the internal surface, in which the surface of each
of the plurality of facets includes longitudinal undulations, in which the light source is
disposed at least partially within the cavity and configured to project the light onto the
internal surface, and in which the internal surface is configured to reflect the light from the
light source to generate a light beam.

[0024] In another embodiment, a method of making the lighting device is provided that
includes: providing the light source; providing the reflective optical element; inserting the
light source through the first opening and at least partially into the cavity; and coupling the
light source to the reflective optical element such that, when illuminated by the light source,
the internal reflective surface generates the light beam.

[0025] In another embodiment, a method of operating a lighting device includes illuminating,
by generating a light beam with a light source and a monolithic reflective optical element
with an aperture size, a first portion of a scene with a first brightness that is less than a
brightness, in the first portion, of a light beam of a paraboloidal reflector with the same hole
size, aperture size, and light source; illuminating, with the light beam generated by the light
source and the monolithic reflective optical element with the aperture size, a second portion
of the scene with a second brightness that is greater than a brightness, in the second portion,
of the light beam of the paraboloidal reflector with the same hole size, aperture size, and light
source; and illuminating, with the light beam: generated by the light source and the monolithic
reflective optical element with the aperture size, a third portion of the scene with a third
brightness that is less than a brightness, in the third portion, of the light beam of the
paraboloidal reflector with the same hole size, aperture size, and light source, in which the
second portion surrounds the first portion and in which the third portion surrounds the second
portion.

[0026] In another embodiment, a monolithic reflective optical element is provided that
includes an internal reflective surface; a cavity defined by the internal surface; a first opening
at a first end; a second opening at an opposing second end; a plurality of facets on the internal
surface that each extend continuously and longitudinally from the first opening to the second

opening; in which each of the plurality of facets has a surface that forms a portion of the
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internal surface; in which the surface of each of the plurality of facets includes longitudinal
undulations; and in which the internal surface is configured to reflect light from a light source
disposed at least partially within the cavity to generate a light beam.

[0027] In another embodiment, a monolithic reflective optical element is provided that
includes an internal reflective surface; a cavity defined by the internal surface; a first opening
at a first end; a second opening at an opposing second end; longitudinal undulations on the
internal surface that extend continuously and longitudinally from the first opening to the
second opening; and in which the internal surface is configured to reflect light from a light
source disposed at least partially within the cavity to generate a light beam.

[0028] In another embodiment, a lighting device attachment is provided that includes a
housing that defines a cavity configured to receive a mobile device; and a light source
disposed within the housing and configured to operate in cooperation with the mobile device.
[0029] In another embodiment, a lighting device attachment is provided that includes a
housing that defines a housing cavity configured to receive a mobile device; a light source
adapted to project light; and a monolithic reflective optical element including a reflective
internal surface that defines a reflector cavity, a first opening at a first end, a second opening
at an opposing second end, longitudinal undulations on the reflective internal surface that
extend continuously and longitudinally from the first opening to the second opening, and
where the reflective internal surface is configured to reflect the light from the light source to
generate a light beam.

[0030] In another embodiment, a method is provided that includes attaching a mobile device
to a lighting device attachment and operating one or more light sources of the lighting device
attachment using a control component of the lighting device attachment or an application of
the mobile device.

[0031] In another embodiment, a lighting device attachment is provided that includes a
housing that defines a cavity configured to receive a mobile device; a light source disposed
within the housing; and an optical element adapted to project light from the light source to
illuminate an external scene.

[0032] In another embodiment, a method of operating a lighting device attachment having a
housing that defines a cavity configured to receive a mobile device, a light source disposed
within the housing, and an optical element is provided, the method including attaching the
mobile device at least partially within the cavity; and projecting light from the light source

with the optical element to illuminate an external scene while the mobile device is attached.
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[0033] In various embodiments, one or more illumination devices and/or related methods
may be provided with one or more light sources and one or more optical elements to produce
one or more beams of light having the same, similar, and/or different spectra and the same,
similar, and/or different intensity distributions as a function of angle. In various
embodiments, such light may be any electromagnetic radiation in a spectral region ranging
from the extreme ultraviolet (UV) to the far infrared (IR), and may include wavelengths
ranging from approximately 10 nm to approximately 106 nm. In some embodiments, such
light may be provided primarily or exclusively in the visible-light band, with wavelengths
ranging from approximately 390 nm to approximately 770 nm. In some embodiments, the
flux output by multiple light sources and one or more optical elements may be selectively
adjusted electronically to control the output spectrum and/or the angular distribution of the
intensity of the composite beam of light produced by all the individual sources and the optical
elements.

[0034] For example, multiple light sources may be used, and sometimes in conjunction with
one or more optical elements, to provide a combined output illumination beam with
adjustable color temperature for use with the camera of a mobile device.

[0035] In various embodiments, the multiple light sources may emit light along appropriate
optical axes to produce a combined non-rotationally symmetric illumination beam comprised
of the overlapping projected light beams produced by the multiple light sources. By
selectively electronically adjusting the flux output of the different light sources, the intensity
as a function of angle of the combined output beam may be adjusted. As a result, such an
illumination device could be adapted to provide the appropriate output beam shape for any
camera setting to produce high-quality imagery and to reduce drain on the battery by
reducing the amount of light projected outside the camera's FOV.

[0036] In some embodiments, an illumination device as described herein may be attached to
a mobile device and used to illuminate an area of interest with a desired beam pattern and/or
spectrum to supplement and/or replace a flash or other existing illumination device of the
mobile device. As aresult, still images or video images captured by a camera of the mobile
device may be illuminated in a manner that is superior to conventional techniques that merely
rely on a conventional illumination device of the mobile device.

[0037] In various embodiments, the illumination device may also be used as a flashlight and
its battery may be used to recharge the batteries in portable devices.

[0038] In another embodiment, a portable illumination includes a housing; and one or more

light sources disposed within the housing and adapted to provide corresponding light beams
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to selectively illuminate an external area of interest with a combined light beam having a
desired output optical flux level, a desired angular intensity distribution, a desired color
temperature, and/or a desired optical spectrum to provide illumination for images captured by
a camera of a mobile device.

[0039] In another embodiment, a portable illumination device includes a housing; a plurality
of light sources disposed within the housing and configured to provide corresponding light
beams having independently adjustable output flux levels; and wherein the light beams at
least partially overlap to provide a combined light beam to provide illumination for images of
an external area of interest captured by a camera of a mobile device separate from the
housing.

[0040] In another embodiment, a method includes providing a portable illumination device
comprising a housing and one or more light sources disposed within the housing; operating
the light sources to provide corresponding light beams to selectively illuminate an external
area of interest with a combined light beam having a desired output optical flux level, angular
intensity distribution, color temperature, and/or optical spectrum; and capturing images of the
illuminated external area of interest using one or more cameras of a mobile device

[0041] In another embodiment, a method includes providing a portable illumination device
comprising a housing and one or more light sources disposed within the housing; operating
the light sources to provide corresponding light beams having independently adjustable
output flux levels, wherein the light beams at least partially overlap to provide a combined
light beam; and capturing, by a camera of a mobile device separate from the housing, images
of an external area of interest illuminated by the combined light beam.

[0042] In another embodiment, an illumination device includes a housing; one or more light
sources disposed within the housing and adapted to project light from the housing to
illuminate an area of interest external to the housing; one or more batteries disposed within
the housing and adapted to provide electrical power to the light sources; and an attachment
mechanism adapted to selectively secure the illumination device to a mobile electronic
device.

[0043] In another embodiment, a method includes providing a mobile electronic device;
providing an illumination device comprising: a housing, one or more light sources disposed
within the housing and adapted to project light from the housing to illuminate an area of
interest external to the housing, one or more batteries disposed within the housing and

adapted to provide electrical power to the light source, and an attachment mechanism; and
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selectively securing the illumination device to the mobile electronic device by the attachment
mechanism.

[0044] The scope of the invention is defined by the claims, which are incorporated into this
section by reference. A more complete understanding of embodiments of the present
disclosure will be afforded to those skilled in the art, as well as a realization of additional
advantages thereof, by a consideration of the following detailed description of one or more
embodiments. Reference will be made to the appended sheets of drawings that will first be

described briefly.

BRIEF DESCRIPTION OF THE FIGURES
[0045] Fig. 1A illustrates a perspective view of a lighting device in accordance with an
embodiment of the disclosure.
[0046] Fig. 1B illustrates an exploded perspective view of the lighting device of Fig. 1A in
accordance with an embodiment of the disclosure.
[0047] Fig. 2A illustrates a perspective view of a reflective element in accordance with an
embodiment of the disclosure.
[0048] Fig. 2B illustrates a top perspective view of the reflective element of Fig. 2A in
accordance with an embodiment of the disclosure.
[0049] Fig. 2C illustrates a face-on rear view of the reflective element of Fig. 2A in
accordance with an embodiment of the disclosure.
[0050] Fig. 2D illustrates a rear perspective view of the reflective element of Fig. 2A in
accordance with an embodiment of the disclosure.
[0051] Fig. 2E illustrates a face-on front view of the reflective element of Fig. 2A of a
lighting device in accordance with an embodiment of the disclosure.
[0052] Fig. 2F illustrates a side view of the reflective element of Fig. 2A in accordance with
an embodiment of the disclosure.
[0053] Fig. 3A illustrates a top front perspective view of the reflective element of Fig. 2A in
accordance with an embodiment of the disclosure.
[0054] Fig. 3B illustrates a cross-sectional view of the top front perspective view of Fig. 3A
in accordance with an embodiment of the disclosure.
[0055] Fig. 4A illustrates a side rear perspective view of the reflective element of Fig. 2A in
accordance with an embodiment of the disclosure.
[0056] Fig. 4B illustrates a cross-sectional view of the side rear perspective view of Fig. 4A

in accordance with an embodiment of the disclosure.
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[0057] Fig. 5 is a diagram showing as a solid curve a shape profile of an internal surface of a
non-paraboloidal reflective element having longitudinal undulations in comparison with the
shape profile of a paraboloidal reflective element having the same rear hole size and exit-
pupil size as the non-paraboloidal reflective element in accordance with an embodiment of
the disclosure.

[0058] Fig. 6 is a diagram showing as solid curves a shape profile of an internal surface of
two opposing sides of an internal surface of a non-paraboloidal reflective element each
having longitudinal undulations in comparison with the shape profile of two opposing
surfaces of a paraboloidal reflective element having the same rear hole size and exit-pupil
size as the non-paraboloidal reflective element in accordance with an embodiment of the
disclosure.

[0059] Fig. 7 is a graph showing the beam shape of a light beam generated by a monolithic
faceted reflector having undulations in comparison with the beam shape of a light beam
generated by a paraboloidal reflector having a common aperture size and hole size, where the
same light source is used in each reflector in accordance with an embodiment of the
disclosure.

[0060] Figs. 8A and 8B show three-dimensional beam profiles corresponding respectively to
the beam-shaping reflector and paraboloidal reflector beam shapes shown in Fig. 7 in
accordance with an embodiment of the disclosure.

[0061] Figs. 9A and 9B are graphs showing cross sections respectively of the beam profiles
shown in Figs. 8A and 8B in accordance with an embodiment of the disclosure.

[0062] Fig. 10 is a flow chart illustrating a process of making a lighting device in accordance
with an embodiment of the disclosure.

[0063] Fig. 11 is a flow chart illustrating a process of illuminating a scene using a lighting
device in accordance with an embodiment of the disclosure.

[0064] Figs. 12A and 12B illustrate perspective and cross-sectional views of a reflector
implemented without facets in accordance with an embodiment of the disclosure.

[0065] Fig. 13A illustrates a front perspective view of a lighting device attachment attached
to mobile device in accordance with an embodiment of the disclosure.

[0066] Fig. 13B illustrates a block diagram of a system that includes a lighting device
attachment and a mobile device in accordance with an embodiment of the disclosure.

[0067] Fig. 14 illustrates a front perspective view of a lighting device attachment for

attachment to mobile device in accordance with an embodiment of the disclosure.
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[0068] Fig. 15 illustrates a rear perspective view of a lighting device attachment for
attachment to mobile device in accordance with an embodiment of the disclosure.

[0069] Fig. 16 illustrates a rear view of a lighting device attachment for a mobile device in
accordance with an embodiment of the disclosure.

[0070] Fig. 17 illustrates a front view of a lighting device attachment for a mobile device in
accordance with an embodiment of the disclosure.

[0071] Fig. 18 illustrates a left side view of a lighting device attachment for a mobile device
in accordance with an embodiment of the disclosure.

[0072] Fig. 19 illustrates a bottom view of a lighting device attachment for a mobile device in
accordance with an embodiment of the disclosure.

[0073] Fig. 20 illustrates a right side view of a lighting device attachment for a mobile device
in accordance with an embodiment of the disclosure.

[0074] Fig. 21 illustrates a top view of a lighting device attachment for a mobile device in
accordance with an embodiment of the disclosure.

[0075] Fig. 22 illustrates an exploded front perspective view of a lighting device attachment
for a mobile device in accordance with an embodiment of the disclosure.

[0076] Fig. 23 illustrates an exploded rear perspective view of a lighting device attachment
for a mobile device in accordance with an embodiment of the disclosure.

[0077] Fig. 24 illustrates internal circuitry for a lighting device attachment for a mobile
device in accordance with an embodiment of the disclosure.

[0078] Fig. 25 illustrates a control device for a lighting device attachment for a mobile device
in accordance with an embodiment of the disclosure.

[0079] Fig. 26 illustrates a rear housing member for a lighting device attachment for a mobile
device in accordance with an embodiment of the disclosure.

[0080] Fig. 27 illustrates a front housing member for a lighting device attachment for a
mobile device in accordance with an embodiment of the disclosure.

[0081] Fig. 28 illustrates a device engagement member for a lighting device attachment for a
mobile device in accordance with an embodiment of the disclosure.

[0082] Fig. 29 illustrates a front perspective view of a reflector housing for a lighting device
attachment for a mobile device in accordance with an efnbodiment of the disclosure.

[0083] Fig. 30 illustrates a rear perspective view of a reflector housing for a lighting device
attachment for a mobile device in accordance with an embodiment of the disclosure.

[0084] Fig. 31 illustrates a side perspective view of a reflector housing for a lighting device

attachment for a mobile device in accordance with an embodiment of the disclosure.
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[0085] Fig. 32 illustrates a front view of a reflector housing for a lighting device attachment
for a mobile device in accordance with an embodiment of the disclosure.

[0086] Fig. 33 illustrates a cross-sectional side view of the reflector housing of Fig. 31 in
accordance with an embodiment of the disclosure.

[0087] Fig. 34 illustrates a cross-sectional side perspective view of the lighting device
attachment of Figs. 14 and 18 in accordance with an embodiment of the disclosure.

[0088] Figs. 35A, 35B, and 35C illustrate perspective views of a lighting device attachment
having a rotatable portion disposed at various rotation positions in accordance with an
embodiment of the disclosure.

[0089] Fig. 36 is a flow chart illustrating a process of operating a lighting device attachment
in accordance with an embodiment of the disclosure.

[0090] Fig. 37 is a front perspective view of a lighting device showing a design in accordance
with an embodiment of the disclosure.

[0091] Fig. 38 is a rear perspective view of the lighting device of Fig. 37 in accordance with
an embodiment of the disclosure.

[0092] Fig. 39 is a front side elevational view of the lighting device of Fig. 37 in accordance
with an embodiment of the disclosure.

[0093] Fig. 40 is a rear side elevational view of the lighting device of Fig. 37 in accordance
with an embodiment of the disclosure.

[0094] Fig. 41 is a left side elevational view of the lighting device of Fig. 37 in accordance
with an embodiment of the disclosure. ’

[0095] Fig. 42 is a right side elevational view of the lighting device of Fig. 37 in accordance
with an embodiment of the disclosure.

[0096] Fig. 43 is a top plan view of the lighting device of Fig. 37 in accordance with an
embodiment of the disclosure.

[0097] Fig. 44 is a bottom plan view of the lighting device of Fig. 37 in accordance with an
embodiment of the disclosure.

[0098] Fig. 45 is a front perspective view of the lighting device of Fig. 37 attached to an
example mobile device, wherein the mobile device is disposed within a housing of the
lighting device and the housing provides a case for the mobile device in accordance with an
embodiment of the disclosure.

[0099] Fig. 46 is a front perspective view of a lighting device attachment having an external
coupling member with an attached mobile device in accordance with an embodiment of the

disclosure.
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[00100] Fig. 47 is a rear perspective view of a lighting device attachment having an
external coupling member with an attached mobile device in accordance with an embodiment

of the disclosure.

[00101] Fig. 48 is a front perspective view of a lighting device attachment having an
external coupling member for a mobile device in accordance with an embodiment of the
disclosure.

[00102] Fig. 49 is a front exploded perspective view of a lighting device attachment

having an external coupling member for a mobile device in accordance with an embodiment
of the disclosure.

[00103] Fig. 50 is a front exploded perspective view of a lighting device attachment
having an external coupling member for a mobile device in accordance with an embodiment
of the disclosure.

[00104] Fig. S1A illustrates a perspective view of an illumination device attached to a
mobile device in accordance with an embodiment of the disclosure.

[00105] Fig. 51B illustrates an elevational view of the illumination device and mobile
device of Fig. 51A in accordance with an embodiment of the disclosure.

[00106] Fig. 52 illustrates a block diagram of a system that includes an illumination
device and a mobile device in accordance with an embodiment of the disclosure.

[00107] Fig. 53A illustrates a contour plot corresponding to an intensity distribution as
a function of horizontal and vertical angular coordinates produced by an illumination device
in accordance with an embodiment of the disclosure.

[00108] Fig. 53B illustrates a contour plot corresponding to an intensity distribution as
a function of horizontal and vertical angular coordinates produced by an illumination device
where all intensity values outside the angular region corresponding to the FOV of the camera
of a mobile device have been set equal to zero in accordance with an embodiment of the
disclosure.

[00109] Fig. 54A illustrates a gray-scale plot corresponding to the logarithm of an
intensity distribution as a function of horizontal and vertical angular coordinates produced by
an illumination device in accordance with an embodiment of the disclosure.

[00110] Fig. 54B illustrates a gray-scale plot cofresponding to the logarithm of an
intensity distribution as a function of horizontal and vertical angular coordinates produced by
an illumination device where all intensity-logarithm values outside the angular region

corresponding to the FOV of the camera of a mobile device have been set equal to a small
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value corresponding to the darkest shade of the gray scale in accordance with an embodiment
of the disclosure.

[00111] Fig. 55 illustrates a flow chart illustrating a process of operating an
illumination device in accordance with an embodiment of the present disclosure.

[00112] Fig. 56 illustrates a rear perspective view of a case of Fig. S1A in accordance
with an embodiment of the disclosure.

[00113] Fig. 57 is a top plan view of the case of Fig. 51A in accordance with an
embodiment of the disclosure.

[00114] Fig. 58 illustrates a bottom plan view of the case of Fig. 51A in accordance
with an embodiment of the disclosure.

[00115] Fig. 59 illustrates a front perspective view of the case holding the mobile
device and the illumination device of Fig. 51A secured thereto in accordance with an
embodiment of the disclosure.

[00116] Fig. 60 illustrates a front perspective view of the illumination device of Fig.
51A in accordance with an embodiment of the disclosure.

[00117] Fig. 61 illustrates a right side elevational view of the illumination device of
Fig. 51A in accordance with an embodiment of the disclosure.

[00118] Fig. 62 illustrates a top plan view of the illumination device of Fig. 51A in
accordance with an embodiment of the disclosure.

[00119] Fig. 63 illustrates a bottom plan view of the illumination device of Fig. 51A in
accordance with an embodiment of the disclosure.

[00120] Fig. 64 illustrates a cross-sectional top view of the illumination device, case,
and mobile device taken at line 14-14 of Fig. 51A in accordance with an embodiment of the
disclosure.

[00121] Fig. 65 illustrates a rear perspective view of the illumination device being slid
onto the case of Fig. 51A in accordance with an embodiment of the disclosure.

[00122] Fig. 66 illustrates a rear perspective view of the illumination device partially
engaged with the case of Fig. 51A in accordance with an embodiment of the disclosure.
[00123] Fig. 67 illustrates a rear perspective view of the illumination device
completely engaged with and secured to the case of Fig. 51A in accordance with an
embodiment of the disclosure.

[00124] Embodiments of the present disclosure and their advantages are best

understood by referring to the detailed description that follows. It should be appreciated that
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like reference numerals are used to identify like elements illustrated in one or more of the

figures.

DETAILED DESCRIPTION
[00125] In accordance with various embodiments provided herein, a lighting device
may be provided having a beam-shaping reflector. For example, in some embodiments, such
a lighting device may include a monolithic reflective optical element having an internal
surface that defines a cavity, in which the internal surface is faceted or non-faceted and
includes longitudinal undulations extending outwards. The longitudinal undulations and the
non-paraboloidal shape of the reflective internal surface cooperate to shape the beam of light
generated by the lighting device. In various embodiments, longitudinal undulations may
extend outwards along the shape profile from a rearward hole to the exit pupil.
[00126] Referring now to the drawings wherein the showings are for purposes of
illustrating embodiments of the present disclosure only, and not for purposes of limiting the
same, Fig. 1A provides a perspective view of a lighting device 100 in accordance with
embodiments of the disclosure. As shown, lighting device 100 may be a flashlight including
ahead 110 and a body 120. Head 110 may include various components for producing and
controlling light 101 (e.g., a light beam) directed toward a scene such as an area of interest.
Body 120 may include various components for providing power to produce the projected
light.
[00127] Head 110 may include an optical element 112 that receives light projected
from a light source (not shown) and shapes the light into a desired beam shape (e.g., having a
desired direction and spread profile). In some embodiments, optical element 112 may be
implemented as an optical reflector having a reflective internal surface having a non-
paraboloidal shape and surface features such as undulations and/or facets that cooperate to
shape the light beam.
[00128] An exploded perspective view of lighting device 100 is shown in Fig. 2 in
accordance with an embodiment. As shown in Fig. 2, head 110 may include a front housing
portion 114, a washer 116, a transparent protective cap 118 such as a glass or transparent
plastic cover, reflector 112, an internal mounting structure 122, a lighting stack 124 having a
light source 126, a circular mounting member 128, and a conductive ring 130, Body 120 may
include a battery 132, a conductive spring 134, an O-ring 136, and a rear housing portion 138.
Body 120 may also be provided with external accessories such as a clip 142 (e.g., a keychain

ring) and/or a loop 140 (e.g., a loop formed on body 120 for coupling a keychain ring).
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[00129] Light source 126 may be implemented, for example, as a light emitting diode
(LED), an incandescent light bulb, a tungsten-halogen light bulb, a fluorescent light bulb, a
high-intensity discharge light bulb, or any other singular or plural light source devices.
[00130] Reflector 112 may be mounted within front housing portion 114. Internal
mounting structure 122 may be configured to receive a rearward end of reflector 112 and a
forward end of lighting stack 124 so that light source 126 is located within an opening of
reflector 112 within mounting structure 122, A forward end of mounting structure 122 may
be inserted into front housing portion 114 so that a front end of reflector 112 is mounted
against transparent protective member 118. In this way, reflector 112 may be arranged to
project light from light source 126 through opening 144 in front housing portion 114 along
optical axis 145.

[00131] As discussed above, reflector 112 may have an internal surface with a non-
paraboloidal shape and longitudinal undulations and can be provided with or without facets.
Various views of a reflector 112 implemented with facets are shown in Figs, 2A-2F. For
example, a top side perspective view of reflector 112 is shown in Fig. 2A according to an
embodiment. As shown in Fig. 2A, reflector 112 may have an internal surface 200 and an
external surface 201. The internal surface 200 may extend from a first opening 202 ata
rearward end of reflector 112 to a second opening 204 at a forward end of reflector 112 such
that the internal surface 200 defines a cavity 206. Rear opening 202 may be defined by an
edge 205. Opening 204 may be defined by an edge 203.

[00132] Internal surface 200 may be a reflective surface that, when illuminated by light
source 126, generates a light beam. Internal surface 200 may include facets 208 that extend
from opening 202 to opening 204, Each facet 208 may be an undulating facet that includes
longitudinal undulations along the facet running between opening 202 and opening 204. As
shown, reflector 112 may include a lip 210 at the forward end that runs around the periphery
of the forward end. Lip 210 may provide a structure for mounting and positioning reflector
112 into lighting device 100. For example, lip 210 may overhang the external surface 201 of
reflector 112 so that a rearward surface of lip 210 rests against internal mounting structure
122 (see Fig. 1B) when the reflector is installed in the device. Lip 210 may include one or
more structures such as a flat portion 212. For example, flat portion 212 may be an
alignment feature configured to be received by a corresponding flat portion (not shown) of
internal support structure 122.

[00133] Facets 208 may extend to the edges 205 and 203 so that edges 205 and 203
each define a polygonal hole (e.g., openings 202 and 204) at each end of reflector 112. In the
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example of FIG. 2A, opening 202 and opening 204 cach are 20-sided polygonal holes formed
by the ends of 20 facets. However, this is merely illustrative. In other embodiments,
reflector 112 may include any suitable number of facets or reflector 112 may include no
facets at all.

[00134] Facets 208 and lip 210 may be formed as separate structures or may be formed
as a single monolithic structure. For example, reflector 112 may be a single molded
monolithic structure.

[00135] In the view of Fig. 2B, reflector 112 is shown rotated with respect to the view
of Fig. 2A so that all 20 sides of rear opening 202 are visible. A rear view of reflector 112 is
shown in Fig. 2C. As shown in Fig. 2C, lip 210 may include a rear facing surface 220 (e.g., a
surface configured to rest against or otherwise be positioned adjacent to a corresponding
surface of internal support structure 122). A rearmost surface 222 may be a flat surface that,
when mounted in lighting device 100 rests against or is otherwise positioned adjacent to a
forwardmost surface of lighting stack 124.

[00136] When mounted in lighting device 100, light source 126 may extend at least
partially through opening 202 and into cavity 206 so that light source 126 can emit light onto
internal surface 200 to generate a desired light beam. As shown in the rear view of Fig. 2C,
surface 222 of reflector 112 may include one or more molded features such as surface feature
224. As examples, surface feature 224 may be a branding feature (e.g., a part number or
company identifier) or an alignment feature.

[00137] In the view of Fig. 2D, reflector 112 is shown rotated with respect to the view
of Fig. 2C to show a rear side perspective view showing rear surface 222, external surface
201, flat portion 212 of lip 210, surface 220, and some of facets 208 visible through opening
202. Fig. 2E is a face-on view of reflector 112 showing the regular polygonal shape of
openings 202 and 204, Fig. 2F is a side view of reflector 112 showing how lip 210 may
include an overhang 230 and external surface 201 may have a curved and undulating faceted
shape that mirrors the shape of internal surface 200. However, this is merely illustrative.
External surface 201 may have any suitable shape that allows mounting of reflector 112 and
light source 126 with light source 126 configured to provide light within cavity 206.

[00138] Figs. 3A and 3B respectively show perspective and cross-sectional perspective
views of reflector 112 according to an embodiment. Fig. 3B shows a cross-sectional view of
reflector 112 with the cross section taken long line A-A of Fig. 3A. In the cross-sectional
view of reflector 112 in Fig. 3B, undulations 300 are visible on internal surface 200. As

shown, undulations 300 may be longitudinal undulations along each facet 208 or, in other
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embodiments, undulations such as undulations 300 may be longitudinal undulations along an
internal surface of a non-faceted non-paraboloidal reflective element. Undulations 300 may
include regular undulations and/or irregular undulations and may be smoothly continuous
undulations running from opening 202 to opening 204 along each facet 208 or, in other
embodiments, along an internal surface of a non-faceted non-paraboloidal reflective element.
Undulations 300 and facets 208 may cooperate to reflect light from light source 126 to form a
light beam for lighting device 100 having a desired shape as described in further detail
hereinafter. ’

[00139] Opening 204 may be relatively larger than opening 202. As shown in FIG.
2C, opening 202 may have a width WR that defines a rear hole size for the reflector. Width
WR may, for example, be between 3 millimeters (mm) and 5 mm, between 1 mm and 10 mm,
between 3.5 mm and 4.5 mm, less than 5 mm, less than 10 mm, greater than Imm or greater
than 3 mm. As shown in FIG, 2E, opening 204 may have a width WF. Width WF, as
measured between two parallel opposing sides of opening 204 may define a clear-aperture
width of reflector 112. Width WF may, for example, be between 9 mm and 11 mm, between
5 mm and 15 mm, between 9.5 mm and 10.5 mm, less than 15 mm, less than 20 mm, greater
than 1mm or greater than 5 mm.

[00140] As shown, undulations 300 may be wavelike surface variations that run
longitudinally between opening 202 and opening 204. In other embodiments, undulations
300 may be formed on only a portion of internal surface 200 and other portions of internal
surface 200 may be smooth. Internal surface 200 may be substantially free of texturing
structures such as texturing features and texturing material.

[00141] Figs. 4A and 4B respectively show additional perspective and cross-sectional
perspective views of reflector 112 according to an embodiment. Fig. 4B shows a cross-
sectional view of reflector 112 with the cross section taken long line B-B of Fig. 4A. The
cross-sectional view of reflector 112 in Fig. 4B shows how undulations 300 may be formed
from alternating concave portions 400 and convex portions 402 of internal surface 200,
Concave portions 400 and convex portions 402 may be smoothly joined together to form the
undulations 300 on internal surface 200,

[00142] Internal surface 200 may have a shape that is relatively narrower than a
paraboloid having an aperture of the same size. As discussed above in connection with Figs.
2A-2F, the aperture of reflector 112 may be defined by opening 204.

[00143] Fig. 5 is a graph showing the shape profile 500 of the internal surface 200 of

reflector 112 in a plane that passes through the symmetry axis of surface 200. For example,
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the plane may pass through the optical axis of the reflector and the center of a facet 208 in an
exemplary implementation in which the aperture width of reflector 112 (e.g., the width WF of
Fig. 2E) is 10 mm and the width of rear opening 202 is 4 mm. For comparison, Fig. 5 also
includes dashed curve 502 showing the shape profile of a 10-mm-diameter paraboloidal
reflector having a 1-mm focal length and a 4-mm-diameter central hole.

[00144] As can be seen in Fig. 5, the shape profile 500 of internal surface 200 of
reflector 112 includes smooth longitudinal undulations 300 formed from alternating concave
portions 400 and convex portions 402. These undulations, in combination with the facets 208
in some embodiments, provide the desired intensity levels of the light beam generated by
lighting device 100 at different angles off axis from the optical axis of lighting device 100. In
addition, the undulations and facets smooth the output beam, eliminating spatial beam
structure that would otherwise be produced by a reflector, such as an untextured paraboloid,
that forms far-field images of structure present in the light source. As shown in Fig. 5, shape
profile 500, is non-paraboloidal with or without the undulations 300.

[00145] It can also be seen in Fig. 5 that the beam-shaping reflector 112 may be
substantially longer than a paraboloidal reflector having the same aperture size (e.g., an
aperture size of 10 mm). This has the desirable effect of reducing the angular extent of the
surround beam of the generated light beam, allowing more light to be sent to angular regions
in mid-range off-axis angles closer to the center of the beam, where it can be of greater
benefit to a typical user. \
[00146] Fig. 6 is a graph showing the shape profiles 500A and 500B of two opposing
sides of the internal surface of reflector 112 in a plane that passes through both the symmetry
axis of reflector 112 and, for example, the center of the facets 208 in an exemplary
implementation in which the aperture width of reflector 112 (e.g., the width WF of Fig. 2E) is
10 mm and the width of rear opening 202 is 4 mm. For comparison, Fig. 6 also includes
dashed curves 502A and 502B showing the shape profiles of two opposing sides of'a 10-mm-
diameter paraboloidal reflector having a 1-mm focal length and a 4-mm-diameter central
hole. In the graph of Fig. 6 the cross-sectional shapes of the encapsulant dome 600 and base
602 of an exemplary light source 126 (e.g., a Cree XP-G2 LED light source) mounted in
opening 202 are also shown. As shown in Fig. 6, base 602 may be disposed behind reflector
112 and encapsulant dome 600 may extend through opening 202 and into cavity 206 of
reflector 112 so that light generated by an LED (not shown) in encapsulant dome 600 can

project light onto internal surface 200 of reflector 112 to generate a desired light beam.
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[00147] Fig. 7 shows a graph of the far-field output intensity 700 as a function of angle
off axis for the beam-shaping reflector 112. For comparison, the far-field output intensity
702 as a function of angle off axis generated by a 1-mm-focal-length, 10-mm-diameter
paraboloidal reflector using the same light source is also shown. The exemplary intensity
distributions of Fig. 7 may be generated using an XP-G2 LED light source operating at 200
Im. Although the paraboloidal reflector provides higher intensity 702A between 0 and 8
degrees off axis than the intensity 700A of the beam shaping reflector 112 in the same
angular region, the beam-shaping reflector 112 provides a significantly less spiky beam, with
higher intensity 700B in the especially desirable angular zone between 8 degrees and 30.5
degrees off axis than the intensity 702B of the paraboloidal reflector. In addition, the beam-
shaping reflector 112 intensity 700C cuts off at about 40 degrees off axis, compared with 50
degrees for the paraboloidal reflector intensity 702C in the same angular region. Thus, the
beam-shaping reflector 112 transfers more flux to angles below 40 degrees than a
paraboloidal reflector of the same aperture size, which may be more useful to a typical user.
[00148] Surface plots of the illuminance distributions produced respectively by
reflector 112 and a paraboloidal reflector having the same aperture size on a plane 3 m from
their exit pupils are shown respectively in Figs. 8A and 8B, with the corresponding horizontal
and vertical illuminance profiles provided respectively in Figs. 9A and 9B. Significant levels
of high-spatial-frequency structure can be seen near the center of the beam profile 804
produced by the paraboloidal reflector in Figs. 8B and 9B. This is due to imaging of spatial
structures in the LED source, and would likely require surface texturing or a refractive
diffuser to eliminate which can undesirably increase the cost and production complexity
along with undesirably adding weight and size. Since this structure is not observed in the
output beam 800 of the beam-shaping reflector 112, lighting device 100 can be provided
without texturing on the reflector surface and without a refractive diffuser to produce a
smooth output beam.

[00149] As shown in Fig 8A, beam 800 may include portions 800A, 800B, and 800C
corresponding to portions 700A, 700B, and 700C of the intensity distribution 700 of Fig. 7
that are respectively relatively fainter, brighter, and fainter than the corresponding portions of
the beam generated by a paraboloidal reflector. Using a lighting device such as lighting
device 100 having a beam-shaping reflector 112, a user may therefore be a able to light a
scene by illuminating, with a light beam generated by a light source and a monolithic
reflective optical element with an aperture size, a first portion of a scene (e.g., portion 800A)

with a first brightness (e.g., brightness 700A) that is less than a brightness (e.g., brightness
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702A) of a light beam of a paraboloidal reflector with the same aperture size and hole size,
and using the same light source, illuminating a second portion of the scene (e.g., portion
800B) with a second brightness (e.g., brightness 700B) that is greater than the brightness
(e.g., 702B) of the light beam of the paraboloidal reflector with the same aperture size and
hole size, and using the same light source, and illuminating a third portion of the scene (e.g.,
portion 800C) with a third brightness (e.g., brightness 700C) that is less than the brightness
(e.g., brightness 702C) of the light beam of the paraboloidal reflector with the same aperture
size and hole size, and using the same light source, in which the second portion 800B
surrounds the first portion 800A and the third portion 800C surrounds the second portion
800B.

[00150] Fig. 10 is a flow chart illustrating a process of making lighting device 100 in
accordance with an embodiment of the disclosure.

[00151] At block 1000, a light source such as light source 126 of Fig. 1 may be
provided. The light source may, for example, be a light-emitting-diode (LED) light source.
The light source may be mounted to a lighting stack such as lighting stack 124 that includes
support structures, conductive interconnection structures, control circuitry such as one or
more printed circuit boards and/or other components for operating the light source.

[00152] At block 1002, an optical element may be provided. In one embodiment, ‘the
optical element may be a monolithic, non-paraboloidal reflector such as reflector 112 having
an internal surface; a cavity defined by the internal surface; a first opening at a first end; a
second opening at an oppbsing second end that defines an aperture having the aperture size;
longitudinal undulations that extend continuously and longitudinally from the first opening to
the second opening; and in which the aperture, the non-paraboloidal surface, and the
longitudinal undulations are configured to cooperate to form the light beam. In another
embodiment, the internal surface of the reflector may be faceted. For example, the optical
element may be a monolithic, non-paraboloidal reflector such as reflector 112 having an
internal surface; a cavity defined by the internal surface; a first opening at a first end; a
second opening at an opposing second end that defines an aperture having the aperture size; a
plurality of facets on the internal surface that each extend continuously and longitudinally
from the first opening to the second opening; in which each of the plurality of facets has a
surface that forms a portion of the internal surface; in which the surface of each of the
plurality of facets includes longitudinal undulations; and in which the plurality of facets, the

aperture, and the longitudinal undulations are configured to cooperate to form the light beam.
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[00153] At block 1004, the light source may be coupled to the optical element.
Coupling the light source to the optical element may include inserting some or all of the light
source through the first opening in the reflector and at least partially into the cavity so that,
when operated, the light source illuminates the internal surface of the optical element.
Coupling the light source to the optical element may include inserting the optical element and
the light sourc>e into an internal support structure for the lighting device.

[00154] At block 1006, a housing such as a flashlight housing may be provided. The
housing may, for example, include a front housing portion and a rear housing portion.
[00155] At block 1008, the light source and the optical element may be installed into
the flashlight housing. The light source and the optical element may be installed into the
flashlight housing before or after coupling the light source to the optical element.

[00156] At block 1010, the light source may be electrically coupled to a power
terminal in the housing. The power terminal may be a terminal of a power source itself such
as a battery terminal or may be conductive structure coupled between the light source and the
power source.

[00157] Fig. 11 is a flow chart illustrating a process of illuminating a scene such as an
area of interest using lighting device 100 in accordance with an embodiment of the
disclosure.

[00158] At block 1100, power may be provided to a light source. The light source may
be a light source such as light source 126 in a lighting device such as lighting device 100.
The power may be provided from a power source such as a battery. The power may be /
provided when a user turns on the lighting device (e.g., by pushing a power button, twisting a
portion of the lighting device, moving a switch, or the like).

[00159] At block 1102, a light beamAmay be generated with the light source and a
reflector. The light beam may be generated by emitting light from the light source onto an
internal reflective surface that is faceted or non-faceted and includes longitudinal undulations
running between a rear end of the reflector and a front end of the reflector. The light source
may be disposed within a cavity defined by the internal surface. The reflector may be a
monolithic, non-paraboloidal, reflector such as reflector 112 as described herein according to
various embodiments. The reflector may have an opening that defines an aperture of the
reflector. The opening may be a polygonal opening of a faceted reflector or a circular
opening in the case of a non-faceted reflector. The aperture may have an aperture size.
[00160] At block 1104, a first portion of a scene may be illuminated with a first portion
of the light beam generated by the light source and the reflector with an aperture size. The
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first portion of the scene may be illuminated with a first brightness that is less than a
brightness of a light beam, in the first portion, produced by a paraboloidal reflector with the
same hole size, aperture size, and light source. The first portion may, for example, be a
region within an angle 8 degrees from the optical axis of the reflector.

[00161] At block 1106, a second portion of the scene may be illuminated with a second
portion of the light beam generated by the light source and the reflector with the aperture
size. The second portion of the scene may be illuminated with a second brightness that is
greater than a brightness, in the second portion, of a light beam of a paraboloidal reflector
with the same hole size, aperture size and light source. The second portion may, for example,
be a region within a range of angles of 8 degrees and 30.5 degrees from the optical axis of the
reflector.

[00162] At block 1108, a third portion of the scene may be illuminated with a third
portion of the light beam generated by the light source and the reflector with the aperture
size. The third portion of the scene may be illuminated with a third brightness that is less
than a brightness, in the third portion, of a light beam of a paraboloidal reflector with the
same aperture size and the same light source. The third region may, for example, be a region
at angles greater than 30.5 degrees from the optical axis of the reflector.

[00163] Various views of a reflector 112 implemented without facets are shown in
Figs. 12A and 12B. For example, a top side perspective view of reflector 112 having an
internal surface 200 that is non-paraboloidal and non-faceted is shown in Fig, 12A according
to an embodiment. As shown in Fig. 124, reflector 112 may have an internal surface 200
that extends from first opening 202 at a rearward end of reflector 112 to a second opening
204 at a forward end of reflector 112 such that the internal surface 200 defines a cavity 206.
Rear opening 202 may be defined by an edge 205. Opening 204 may be defined by an edge
203,

[00164] Internal surface 200 may be a reflective surface that, when illuminated by light
source 126, generates a light beam. Internal surface 200 may be free of facets and may
include longitudinal undulations (not visible in the perspective view of Fig. 12A, see Fig.
12B) that extend from opening 202 to opening 204. The longitudinal undulations may run
between opening 202 and opening 204. As shown, reflector 112 may include a lip 210 at the
forward end that runs around the periphery of the forward end. Lip 210 may provide a
structure for mounting and positioning reflector 112 into lighting device 100.

In the embodiment shown in Fig. 12A, edges 205 and 203 each define a circular hole (e.g.,
openings 202 and 204) at each end of reflector 112. In the view of Fig. 12B, reflector 112 is
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shown rotated with respect to the view of Fig. 12A and shown in cross-section so that
undulations 300 on the non-faceted internal reflective surface are visible. As shown in Fig.
12B, light source 126 may extend at least partially through opening 202 and into cavity 206
so that light source 126 can emit light onto internal surface 200 to generate a desired light
beam,

[00165] As shown in Fig. 12B, undulations 300 may be longitudinal undulations.
Undulations 300 may include regular undulations and/or irregular undulations and may be
smoothly continuous undulations running from opening 202 to opening 204. Undulations
300 may cooperate with the non-paraboloidal shape of surface 200 to reflect light from light
source 126 to form a light beam for lighting device 100 having a desired shape as described
herein.

[00166] Because internal surface 200 in the embodiments shown in Figs. 12A and 12B
is non-faceted, internal surface 200 in these embodiments has axial symmetry of
approximately infinite order about the symmetry axis of surface 200. Internal surface 200 in
the embodiments of Figs. 12A and 12B may have a shape profile in any plane containing the
surface’s symmetry axis that exhibits longitudinal undulations as described, for example, in
Figs. 5 and 6 in the context of a faceted internal surface.

[00167] As shown in Fig. 12B, reflector 112 may, in some embodiments, be mounted
at an angle with respect to light source 126 (e.g., to direct the generated light beam in a
particular desired direction). However, this is merely illustrative. In various embodiments, a
non-parabolic undulating reflector with or without facets may be mounted in alignment with
a light source disposed at least partially within its cavity or may be mounted an angle with
respect to the light source.

[00168] Although various embodiments described in connection with Figs. 1A-12B
have been described using the example of a lighting device implemented as a flashlight, this
is merely illustrative and a reflector such as reflector 112 may be implemented in any suitable
lighting device including, for example, a lighting device attachment configured to be attached
to and provide enhanced lighting capabilities for another device such as mobile electronic
device (e.g., to provide lighting up to or in excess of 1000-1200 Lumens). In various
embodiments, such a lighting device attachment may incorporate two or more light sources,
each paired with its own reflector so that the light sources of the lighting device attachment
can be operated to function either as a flashlight or as an illuminator for low light

videography and still photography, when used in conjunction with a smartphone. Figs. 13A
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and 13B show an example of a lighting device attachment in accordance with an
embodiment.

[00169] As shown in Fig. 13A, a lighting device attachment such as lighting device
attachment 1300 may be provided that receives another device such as mobile device 1302
(e.g., a mobile phone, smart phone, tablet, or other portable electronic device). As shown in
Fig. 13A, the mobile device 1302 may be engaged within a cavity formed by a housing of
mobile device attachment 1300. As shown, the housing of mobile device attachment 1300
may include an engagement mechanism 1310 and/or various features for accommodating
corresponding components of the mobile device. For example, features such as cutaways,
housing portion shapes and/or openings such as openings 1303 may be provided that, when
mobile device 1302 is attached to lighting device attachment 1300, provide access to
components such as speakers, headphone jacks, light sources 1326, cameras 1328, buttons
1320 and/or 1324, switches 1322, a display, and/or other components of the mobile device
1302. The various housing members may be formed from plastic, glass, metal, combinations
thereof, or other suitable materials. Engagement mechanism 1310 may, for example, be a
squeezable or compressible member that, when pressed and released, respectively releases
and captures (e.g., secures) mobile device 1302 or vice versa.

[00170] As shown in the example of Fig. 13A, lighting device attachment 1300 may
include input/output components such as a control device 1304 and a port 1306. For
example, control device 1304 may be an external switch such as a rotary switch for activating
(turning on), dimming, brightening, or deactivating (turning off) one or more light sources
associated with lighting device attachment 1300. Port 1306 may, for example, be a universal
serial bus (USB) port, a mini-USB port, a micro-USB port, a Portable Digital Media Interface
(PDMI) port, a 30-pin connector port, a power port or other input/output port configured to
receive a cable or other connector. Port 1306 may be coupled to internal electronic
components of lighting device attachment 1300 such as one or more batteries, memories,
printed circuits, processors, or other internal components. As examples, port 1306 may be
used to transfer data such as control settings to and/or from lighting device attachment 1300
to provide power to one or more light sources within lighting device attachment 1300, and/or
to charge a battery of lighting device attachment 1300. When a charging cable is connected
between portion 1306 and another device such as a computer while the mobile device is
installed in lighting device attachment 1300, the mobile device and the computer may be
synchronized or synched. A battery disposed in lighting device attachment 1302 may be

adapted to power the light source of the attachment and may be configured to be charged via
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an external port (e.g., port 1306) or the mobile device 1302, and the battery or the external
port may be adapted to charge an additional battery disposed in the mobile device 1302.
[00171] Fig. 13B is a block diagram of a system 1301 that includes lighting device
attachment 1300 and mobile device 1302. As shown in Fig. 13B, lighting device attachment
1300 may include a coupling member 1377 for coupling mobile device 1302 to lighting
device attachment 1300. Coupling member 1377 may be a mechanical and/or electrical
coupling member. In one embodiment, coupling member 1377 may be an external coupling
member that is attached to an outer surface of the housing of lighting device attachment 1300
and that is configured to receive and mechanically secure mobile device 1302 to attachment
1300. In another embodiment, coupling member 1377 may be formed, in part by one or more
portions of a housing of lighting device attachment 1300 that form a cavity in the housing for
receiving the mobile device. Coupling member 1377 may also include an electrical
connector (e.g., a connector disposed in the cavity in the housing).

[00172] For example, as shown in Fig. 14, which shows lighting device attachment
1300 with mobile device 1302 removed, lighting device attachment 1300 may include a
connector 1400 disposed at least partially within a cavity 1402 configured to receive a mobile
device. Connector 1400 may, for example, be a connector having circuitry meeting
specifications associated with a particular brand or type of mobile device (¢.g., a mobile
device having an exterior shape corresponding to the shape of cavity 1402). For example,
connector 1400 may extend from within a bottom front portion 1404 of the housing of
lighting device attachment 1300 into cavity 1402 and may be a standard connector (e.g., a
USB connector, a PDMI connector, or other standard connectors as provided in mobile
devices) or may be a proprietary connector (e.g., an Apple® dock connector for iPod™,
iPad™., and/or iPhone™ such as a “Lightning” connector or a 30-pin connector).

[00173] As shown in Fig. 14, cavity 1402 may be formed by bottom front housing
member 1404, housing sidewalls 1406, a front surface 1408, and a top housing member 1410
such as a housing member coupled to engagement member 1310 so that, when a mobile
device is inserted into cavity 1402, the mobile device is mechanically secured (e.g., by a
press fit or by mechanical engagement) to lighting device attachment 1300. For example, a
mobile device port at a bottom end of a mobile device may be placed onto connector 1400,
engagement members 1310 on opposing sides of lighting device attachment 1300 may be
squeezed simultaneously, the top portion of the mobile device may be lowered into cavity
1402, and the engagement members 1310 may be released to mechanically secure the mobile

device to the lighting device attachment 1300,
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[00174] As shown in Fig. 14, front surface 1408 may also include an opening such as
an opening 1412. Opening 1412 may have a position, size, and shape for accommodating
one or more optical elements of a mobile device such as a rear-facing camera and one or
more light sources (e.g., so that the camera of the mobile device can view a scene through
opening 1412 when the mobile device is attached to lighting device attachment 1300 as in
Fig. 13A).

[00175] Referring again to Fig. 13B, mobile device 1302 may have a coupling member
1376 (e.g., a port such as a 30-pin connector port or a “Lightning” port) that mechanically
and/or electrically couples to lighting device attachment 1300. In some embodiments,
lighting device attachment 1300 may be communicatively separate from mobile device 1302
(e.g., mobile device 1302 may be attached to lighting device attachment 1300 and both
device 1302 and lighting device attachment 1300 may be operated separately and
independently without any ¢lectrical coupling between the two). In other embodiments,
mobile device 1302 may send and/or receive electrical power and/or communications signals
to and/or from lighting device attachment 1300 via coupling members 1376 and 1377 (e.g., as
indicated by arrows 1378). In this respect, coupling member 1376 of mobile device 1302
may form a connector interface (e.g., a wired communication interface) including, for
example, circuitry such as one or more processors, integrated circuits, ports, or other circuitry
for managing communications with lighting device attachment 1300. Coupling member
1377 may form a connector interface (e.g., a wired communication interface) for lighting
device attachment 1300 including circuitry configured to manage communications with
mobile device 1302 and/or other devices, and/or to route power to battery 1391 (e.g., a
lithium ion or other battery) for charging battery 1391.

[00176] As shown, mobile device 1302 and lighting device attachment 1300 may
include wireless communication interfaces 1350 and 1351, respectively, which may be
implemented with appropriate circuitry such as one or more processors, integrated circuits,
ports, antennas, or other circuitry for managing wireless communications between mobile
device 1302 and lighting device attachment 1300 (e.g., to pass appropriate control signals or
data therebetween using Wi-Fi, Bluetooth®, and/or other communication techniques).
[00177] As shown in Fig. 13B, lighting device attachment 1300 may include other
components such as processor 1392, memory 1394, one or more light sources such as light
sources 1395, one or more optical elements such as optical elements 1396 (e.g., lenses or

reflectors such as one or more of reflector 112 as described herein), and user controls 1398

28-




10

15

20

25

30

WO 2016/115527 PCT/US2016/013712

(e.g., buttons, switches, or other control mechanisms such as control device 1304 of Fig.
13A).

[00178] Processor 1392 may be implemented, for example, as a microcontroller,
microprocessor, a Field Programmable Gate Array (FPGA), an Application Specific
Integrated Circuit (ASIC), and/or any appropriate combination of these or other types of
devices. v
[00179] Memory 1394 (e.g., implemented as any appropriate type of volatile and/or
non-volatile memory) may be used to store instructions and/or data. For example, in some
embodiments, memory 1394 may be implemented as a non-transistory machine-readable
medium storing various instructions which may be executed by processor 1392 to perform
various operations such as receiving and processing operating instructions from mobile
device 1302, In some embodiments, such a machine-readable medium may be provided
within processor 1392 itself (e.g., as firmware and/or otherwise) and/or external to processor
1392. Processing 1392 may include processing circuitry disposed within the housing of
lighting device attachment 1300 and configured to receive control signals from the mobile
device 1302 via the coupling member 1377 and to operate the light sources 1395 in response
to the control signals. The control signals may be generated by an application program
interface 1399 of the mobile device 1302 based on user input.

[00180] Light sources 1395 may be implemented, for example, as light sources 126 as
described herein (e.g., a light emitting diode (LLED), an incandescent light bulb, a tungsten-
halogen light bulb, a fluorescent light bulb, a high-intensity discharge light bulb, or any other
singular or plural light source devices). Lighting device attachment 1300 may include one
light source, two light sources, or more than two light sources. In embodiments in which
lighting device attachment 1300 includes more than one light source the light sources may
generate light of a common wavelength or color or the light sources may generate light of
different wavelengths (e.g., different colors of visible light such as red light, blue light,
violent light, green light, or combinations thereof and/or invisible light such as infrared light).
In embodiments in which the light sources generate light of different colors, each light source
may generate only or primarily the light of a desired color or the light sources may generate
light of the desired color and additional colors and one or more filters may be provided (e.g.,
within or external to the light source) to prevent the additional colors from being emitted
from lighting device attachment 1300, For example, two light sources may include an LED
that produces relatively cool or blue colored light and another LED that produces relatively

warm or red colored light.
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[00181] Lighting device attachment 1300 may include one or more optical elements
associated with each light source. For example, each light source may be disposed at least
partially within a reflector that shapes the light into a beam that is projected from lighting
device attachment onto an area of interest such as a scene viewed within the field of view of a
camera 1388 of mobile device 1302.

[00182] Using, in one embodiment, two or more light-source/reflector pairs allows for
additional control of the beam shape, because the output beam produced is a melding of the
individual beams produced by each light-source/reflector pair. One embodiment is that of a
multiple-reflector device in which each of the multiple light-source/reflector pairs would be
mounted with its symmetry axis tilted at a non-zero angle (e.g., an angle of about 7.5 degrees)
with respect to one or more of the symmetry axes of the other reflectors, in order to produce
an oval-shaped combined output beam, rather than the circular beam produced by a single
reflector. An oval-shaped combined beam may be a useful beam shape in various
applications, such as lighting for video and still photography, where the desired field of view
to be illuminated is typically wider in one direction than in the orthogonal direction, ¢.g., by a
ratio of 16:9.

[00183] In one embodiment, the symmetry axes of the reflectors are oriented at
different angles, while the light sources would all remain untilted and mounted in the same
plane. This would reduce costs and improve manufacturability by allowing all the light
sources to all be mounted on a single flat surface.

[00184] The shapes of the multiple reflectors used in a single lighting device
attachment could all have identical designs in one embodiment. Alternatively, a different
design could be used for each reflector to provide more degrees of freedom in creating a
desired melded output-beam shape in another embodiment.

[00185] In one embodiment, the multiple light sources used in a single lighting device
are identical. Alternatively, in another embodiment, multiple light sources having different
optical output characteristics are used in a single device. For example, two or more light
sources with different output spectra may be used. By controlling the flux output of each of
the multiple light sources, the white balance (spectrum) of the melded output beam, as well as
the total flux output, may be continuously adjusted (e.g., during operation of the lighting
device attachment). This type of white balance control may be particularly useful in
photography and videography. |

[00186] As shown in Fig. 13B, mobile device 1302 may include various components

such as battery 1380, display 1382 (e.g., a liquid crystal display or a light-emitting diode
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display), processor 1384, memory 1386, one or more cameras such as camera 1388 (e.g.,
rear-facing camera and a forward-facing camera), light source 1389 (e.g., one or more LED
light sources), user controls 1390 (e.g., buttons, switches, or touchscreen components), and/or
other components as commonly implemented in mobile devices such as smartphones (e.g.,
positioning circuitry such as global-positioning system circuitry (GPS), one or more
accelerometers, gyroscopes, compasses, etc.).

[00187] Processor 1384 may be implemented, for example, as a microcontroller,
microprocessor, a Field Programmable Gate Array (FPGA), an Application Specific
Integrated Circuit (ASIC), and/or any appropriate combination of these or other types of
devices.

[00188] Memory 1386 (e.g., implemented as any appropriate type of volatile and/or
non-volatile memory) may be used to store instructions and/or data. For example, in some
embodiments, memory 1386 may be implemented as a non-transistory machine-readable
medium storing various instructions which may be executed by processor 1384 to perform
various operations such as operating a lighting device attachment application 1399 (e.g., an
application program interface (API) for a user) for controlling lighting device attachment
1300 (e.g., for operating light sources 1395 to flash, turn on, turn off, or increase or decrease
in brightness). In some embodiments, such a machine-readable medium may be provided
within processor 1384 itself (e.g., as firmware and/or otherwise) and/or external to processor
1384.

[00189] Light sources such as light sources 1395 may be operated by user controls
1398 and/or an API of the mobile device. For example, hardware controls may be provided
with lighting device attachment 1300 (e.g., an on/off switch, a rotary encoder, buttons, etc.)
and the lighting device attachment may be attached to a mobile device such as a phone in
such a way that control signals from the phone operating system or app can be sent to a light
controller of the lighting device attachment and manipulations of the hardware controls of the
lighting device attachment may be transmitted back to the phone operating system or app.
[00190] The hardware controls themselves may directly manipulate the light by
causing the light controller to turn on/off, increase or decrease in intensity, or go into a strobe
mode, as an example. These hardware controls may inform the software app running on the
phone that these actions are being taken, which would cause the app to update a display -
indicating to the user the current state of the light emitting device (e.g., the light intensity,
strobe duration, etc.). Additionally, the app on the phone may receive user inputs from the

user causing the light controller of the lighting device attachment to either override the
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hardware controls of the lighting device attachment, or, in conjunction with the hardware
controls, cause the light controller to cause the light being emitted to behave a certain way.
[00191] In this way, the capabilities of a phone host device may be conferred into the
lighting device attachment. In one example use case, a GPS-controlled lighting device may
be provided in which built-in GPS functionality of a phone can be accessed and used to
activate or deactivate the light source(s) of an attached lighting device attachment based on a
location of the phone and attachment (e.g., a GPS-determined location provided by the
phone’s GPS circuitry). In another example use case, a motion-controlled lighting device
may be provided in which an accelerometer of other motion detection circuitry in a phone
that is attached to the lighting device attachment can provide information about the motion of
the phone and attachment. The information can be provided to processing circuitry in the
phone or the attachment which, in response to the motion information may cause the light
sources of the lighting device attachment to react (e.g., turn on, turn off, flash, strobe,
increase or decrease in brightness, etc.) based on the orientation, rate, direction, or pattern of
movement. In another example use case, a network-controlled lighting device may be
provided in which a phone that is attached to a lighting device attachment acts as a device
receiving network signals via the internet, Bluetooth® or other communications circuitry or
protocols that then cause processing circuitry in the phone or the attachment to react to those
signals and operate the light sources of the attachment accordingly (e.g., to turn on, turn off,
flash, strobe, increase or decrease in brightness, etc. of the light sources in response to the
received network signals). For example, the received network signals may be generated by a
remote user such as a parent of a child in possession of the phone and attachment (e.g., to
help locate the child or communicate with the child) or by a user of the phone and attachment
(e.g., to activate the light source to help locate a missing phone or capture an image
remotely).

[00192] In one embodiment, the interface between the lighting device attachment and
the phone or other mobile device may be a published or downloadable application
programming interface (API). The API may be an open AP, thereby allowing third parties
to publish software that can be downloaded on a mobile device to control the light generated
by lighting device attachment and/or one or more light sources in the mobile device. For
example, an API may be provided that generates stop-motion strobe photography
functionality, using the phone’s camera capabilities in conjunction with timed strobing of the

light sources in the lighting device attachment.
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[00193] A lighting device attachment APT on a mobile device may grant software of
the mobile device the ability to turn the light sources of the mobile device attachment on and
off, set the intensity, schedule or time durations of light being on with light being off (e.g.,
strobing, or signaling), and/or ramp the intensity from one value to another (as examples).
[00194] Fig. 15 is a rear perspective view of lighting device attachment 1300
according to an embodiment. As shown in Fig. 15, opening 1412 may extend entirely
through lighting device attachment 1300 and rear surface 1501 may have a beveled portion
1502 that prevents the housing of lighting device attachment 1300 from obstructing the field
of view of a camera and/or light source disposed behind and/or within opening 1412. As
shown in Fig. 13, lighting device attachment 1300 may include one or more reflectors
configured to project light from lighting device attachment 1300 (e.g., to illuminate a scene
as viewed by a camera of an attached mobile device). Lighting device attachment 1300 may
be provided with one or more paraboloidal or other reflectors, one or more lenses (e.g., a total
internal reflection (TIR) lens), or, as in the example of Fig. 15, may be provided with first
and second reflectors 112A and 112B (e.g., first and second implementations of a reflector
112 as described herein). In various embodiments, any light sources and/or light focusing
members may be used to project light from lighting device attachment 1300,

[00195] In the example of Fig. 15, lighting device attachment 1300 includes two
reflectors 112A and 112B (sometimes referred to herein collectively as reflectors 112).
Reflectors 112 of lighting device attachment 1300 may receive and reflect light from
respective light sources disposed partially within the reflectors as discussed herein to generate
light beams of a desired shape (e.g., a beam configured to illuminate a scene defined by a
field of view of the camera of the mobile device). The light sources for each reflector 112 of
lighting device attachment 1300 may generate light of a common wavelength or the light
sources may generate light of different wavelengths (e.g., different colors of visible light such
as red light, blue light, violent light, green light, or combinations thereof and/or invisible light
such as infrared light). Reflectors 112A and 112B of lighting device attachment 1300 may be
aligned along substantially parallel optical axes or may be aligned off axis from each other to
generate a relatively wider and/or a directed combined light beam.

[00196] For example, as shown in the example rear view of Fig. 16, the differing
relative positions of rear openings 202A and 202B of respective reflectors 112A and 112B
with respect to the openings 1600A and 1600B in rear housing member 1602 in which the
reflectors are disposed illustrate how reflectors 112A and 112B may be aligned along

different (e.g., non-parallel) optical axes in some embodiments. It can also be seen in the rear
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view of Fig. 16 that engagement members 1310 may extend from the sides of lighting device
attachment 1300 so that the engagement members can be gripped and squeezed if desired by
a user.

[00197] In the front view of lighting device attachment 1300 of Fig. 17, it can be seen
that a rotary member of control device 1304 may be disposed behind a recess 1700 in a front
top housing portion 1702 of lighting device attachment 1300 to provide a user with access to
the rotary member.

[00198] Fig. 18 is a left side view of lighting device attachment 1300 showing how
control device 1304 and port 1306 may be disposed on a common side of lighting device
attachment 1300. However, this is merely illustrative and control device 1304 and port 1306
may be located at any suitable position on lighting device attachment 1300 as desired. A
cutaway 1800 may be formed in, for example, sidewall portion 1406 of a housing of lighting
device attachment 1300 to accommodate, for example buttons 1320 and/or switch 1322 (see
Fig. 13A) of mobile device 1302 when lighting device attachment 1300 is attached to the
mobile device. Fig. 19 is a bottom view of lighting device attachment 1300 showing how an
opening 1303 (e.g., for receiving a headphone jack for a mobile device or allowing sound
from a speaker to pass) may be disposed on the bottom (or any other) face of lighting device
attachment 1300. Fig. 20 is a right side view of lighting device attachment 1300 showing
how a cutout 2000 corresponding to cutout 1800 of Fig. 18 may be disposed on an opposing
side of lighting device attachment 1300 to cutout 1800. Fig. 21 is a top view of lighting
device attachment 1300 showing how control device 1304 (e.g., a rotatory member of the
control device) may be accessible from the top of lighting device attachment 1300.

[00199] Figs. 22 and 23 respectively show front and rear exploded perspective views
of lighting device attachment 1300 according to an embodiment. As shown in the front
perspective view of Fig. 22, housing member 2200 and rear housing member 1602 may
substantially enclose internal components such as printed circuit board (PCB) 2208, battery
2206 (e.g., an implementation of battery 1391 of Fig. 13B), and lighting component 2201.
As shown, housing member 2200 may function as a front surface for attachment 1300 and as
a primary support structure or frame for lighting device attachment 1300. Housing member
2200 may be coupled to rear housing member 1602 with attachment members such as screws
2230 or using other attachment mechanisms or materials such as clips, snaps, engagement
members, or adheéives.

[00200] Lighting component 2201 may be formed from multiple portions such as
portions 2213, 2210 and 2216. Portions 2213 and 2210 may serve as mechanical support
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structures and/or thermal coupling structures that position internal lighting device housing
2216 (sometimes referred to herein as a reflector housing) and/or conduct heat generated by
light sources within internal lighting device housing 2216 away from a mobile device
attached to lighting device attachment 1300. Internal lighting device housing 2216 may be
aligned with one or more openings 2218 in rear housing member 1602 so that light sources
(e.g., using reflectors 112 or other reflectors or lenses) are arranged to project light through
openings 2218 to illuminate an external scene.

[00201] Rear housing member 1602 may have an additional opening 2228 that aligns
with a corresponding opening 2224 in lighting device component 2201 and opening 2222 in
housing member 2200 to form opening 1412 in lighting device attachment 1300 (e.g., for
alignment with a camera and/or a light source of the mobile device). Printed circuit board
2208 may be disposed within lighting device attachment 1300 and may include various
electrical components, integrated circuits, processors, or other suitable components. For
example, port circuitry 2220 may be coupled to printed circuit board 2208 and may be
coupled to the external surface of lighting device attachment 1300 by a port frame 2215. One
or more components as described above in connection with Fig. 13B (e.g., processor 1392
and/or memory 1394) may be implemented as components such as component 2390 on PCB
2208).

[00202] Internal circuitry 2232 may be coupled to housing member 2200 and may
route power and/or other control signals from battery 2206 and/or printed circuitry board
2208 to light sources disposed in internal light source housing 2216.

[00203] Connector device 2203 may be mounted in a front portion of lighting device
attachment 1300 (e.g., between front lower housing portion 1404 and housing member 2200)
so that connector 1400 extends from front lower housing portion 1404, As shown in Fig. 23,
control device 1304 may be formed from a rotary member 2207, control circuitry 2209
coupled to rotary member 2207, and a mounting member 2211 that couples control device
1304 to housing member 2200. Internal circuitry 2232 may provide conductive couplings
between control circuitry 2209, printed circuit board 2208, and/or light sources disposed in
internal light source housing 2216 so that, when rotary member 2207 is turned, the light
sources turn on, turn off, and/or change in brightness.

[00204] Fig. 24 shows a perspective view of internal circuitry 2232 which may be
formed for example, from a flexible printed circuit or a relatively simpler conductor such as a
metal (e.g.,. copper strip). As shown in Fig. 24, internal circuitry 2232 may include an

extended central portion 2400 that extends between a lower contact portion 2402 and first and
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second branches 2404 and 2406 at an opposing upper end. Branch 2404 may be coupled to
control circuitry 2209 of control device 1304. Branch 2406 may be coupled to light sources
disposed in internal light source housing 2216. Lower contact portion 2402 may be coupled
to printed circuit board 2208. Thus, internal circuitry 2232 may route control signals, powet,
or other signals from the battery or printed circuit board of lighting device attachment 1300 to
the light sources based on the position of rotary member 2207. However, it should be
understood that rotary control device 1304 is merely illustrative and that other control devices
such as switches or buttons may be used. In one embodiment, lighting device attachment
1300 may be provided without a dedicated control device and the light sources of lighting
device attachment 1300 may be controlled by an application in the mobile device (e.g., via
control signals received from the mobile device through connector 1400 at printed circuit
board 2208). In various embodiments, whether or not lighting device attachment 1300 is
provided with its own control device, processing circuitry disposed within the housing of
lighting device attachment 1300 (e.g., one or more processors associated with PCB 2208)
may be configured to receive control signals from the mobile device via the connector 1400
and to operate the light sources within internal lighting device housing 2216 in response to
the control signals.

[00205] Fig. 25 shows a more detailed exploded view of control device 1304 and
shows how rotary member 2207 may have a post that extends into an opening in control
circuitry 2209 so that, when rotary member 2207 is rotated, control circuitry 2209 may
operate battery 2206 and/or printed circuit board 2208 to turn on, turn off, and/or adjust the
brightness of light generated by light sources disposed within internal lighting device housing
2216. Branch 2404 of internal circuitry 2232 may couple to an extended portion 2500 of
control circuitry 2209. Fig. 26 is a perspective view of rear housing member 1602 showing
openings 2218 and 2228. As shown in Fig. 26, rear housing member 1602 may have an
additional opening 2600. Portion 2213 of internal lighting component may be disposed in
opening 2600 to form a part of a rear surface of lighting device attachment 1300, In some
embodiments, portion 2213 may be formed from a material that conducts heat from light
sources disposed in internal lighting device housing 2216 to be radiated from a rear surface of
lighting device attachment 1300. Fig. 27 is a perspective view of front lower housing
member 1404 showing openings 1303 for alignment with one or more speakers, sensors, or
other components of a mobile device that receive or transmit information from or to the

environment.
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[00206] Fig. 28 is a perspective view of top housing member 1410 showing how a
surface 2800 of member 1410 may have a shape that conforms to the exterior shape of the top
of a particular mobile device. As shown in Fig. 28, member 1410 may include hinge portions
2802 that couple engagement members 1310 to a central portion 2804 so that, when
engagement members 1310 are squeezed, bottom ends 2806 may be moved outward to
release or make room for inserting a mobile device. When engagement members 1310 are
released, bottom ends 2806 may be moved inward to secure a mobile device. It should be
appreciated that engagement members 1310 are merely illustrative and that engagement
members that operate differently or engagement members of other types such as clips,
magnets, or a simple press fit may be used according to various embodiments.

[00207] Figs. 29, 30, 31, and 32 show various views of internal lighting device housing
2216. As shown in the front perspective view of Fig. 29, two reflectors 112 (e.g., faceted
and/or unfaceted reflectors as described herein) may be disposed within internal lighting
device housing so that reflectors 112 project light from the rear of lighting device attachment
1300 (e.g., the front of internal lighting device housing 2216 may face the rear of lighting
de\}ice attachment 1300). Rear openings 202 of reflectors 112A and 112B may receive light
sources 126A and 126B as shown in the rear perspective view of Fig. 30. As shown in Fig.
31, internal lighting device housing 2216 may include a cutout 3100, In various other
embodiments, light sources 126A and 126B may be configured to project light through
openings 2218 of rear housing member 1602 via reflectors other than reflectors 112 and/or
via one or more lenses.

[00208] Fig. 32 is a face-on view of internal lighting device housing 2216 in which the
relative positions of rear openings 202 indicate how reflectors 112A and 112B may be
aligned along different optical axes in some embodiments. Fig. 33 is a cross-sectional view
of internal lighting device housing 2216, with the cross section taken long line C-C of Fig.
31, and showing how light sources 126 may be mounted to a rear wall 2900 of housing 2216
and reflectors 112 may be mounted at different angles with respect to their light sources 126
and with respect to the exterior surfaces and rear wall 2900 of internal housing 2216.

[00209] Fig. 34 is a cross-sectional perspective view of lighting device attachment
1300, with the cross section taken long line D-D of Figs. 14 and 18, in which it can be seen
that one or more of reflectors such as reflector 112B may be mounted at an angle within
lighting device attachment 1300 such that the optical axis 3400 of that reflector is aligned at a
non-perpendicular angle with respect to the outer surface 3401 of lighting device attachment

1300 and/or with respect to an optical axis of a camera of an attached mobile device. In some
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embodiments, one of the optical elements (e.g., reflectors 112, other reflectors, and/or lenses)
for projecting light from lighting device attachment 1300 may be mounted with lighting
device attachment such that the optical axis of that optical element (e.g., the optical axis 3402
of Fig. 34) is aligned perpendicularly with respect to the outer surface 3401 of lighting device
attachment 1300 and/or with respect to an optical axis of a camera of an attached mobile
device. In various embodiments, the optical axes of light projecting elements in lighting
device attachment 1300 may be aligned at a common perpendicular angle, at a common non-
perpendicular angle, or at different angles. In this way, one or more reflectors such as
reflectors 112 of lighting device attachment 1300 may be positioned within the housing along
optical axes having different respective angles with respect to an outer surface of the housing
to project a desired light beam (e.g., a single reflector light beam or a combined beam from
multiple reflectors) having a desired shape and direction. For example the shape and
direction of the beam may be arranged to illuminate the field of view of a camera of a mobile
device attached to lighting device attachment 1300. Fig. 34 also shows how battery 2206
may be disposed within lighting device attachment 1300 and how connector 1400 of
connector device 2203 may extend from housing member 1404.

[00210] Although various embodiments have been described in which reflectors 112
face and project light from a rear side of lighting device attachment 1300, this is merely
illustrative. As shown in Fig. 35A, in one embodiment, lighting device attachment 1300 may
be provided with a lower portion 3500 and an upper portion 3501 that is rotatably attached to
lower portion 3500 (e.g., by a pivot 3504) so that the upper portion 3501 can be rotated as,
for example, indicated by arrows 3506 (e.g., in a theta direction as indicated in Fig. 35A). In
the example of Fig. 35A, top portion 3501 in which reflectors 112 (and associated light
sources, not shown) are disposed, has been rotated to a forward-facing position on the same
side of lighting device attachment 1300 as cavity 1402 in which a mobile device may be
attached. In this way, lighting device attachment 1300 may be used in cooperation with a
forward-facing camera of the mobile device (e.g., for capturing a “selfie” image of the user).
[00211] As shown in Fig. 35B, top portion 3501 may be rotated about pivot 3504 from
the forward-facing position of Fig. 35A, as indicated by arrows 3508, toward a rear-facing
position as shown in Fig. 35C in which reflectors 112 are positioned to project light from the
rear surface 1501 of lighting device attachment 1300 (e.g., to illuminate a field of view of a
rear-facing camera 3520 of a mobile device that views a scene through opening 1412). As
shown, a light source 3522 (e.g., an LED flash) of the mobile device may be positioned
behind opening 1412. In the embodiments of Figs. 35A, 35B, and 35C, lighting device
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attachment 1300 includes a lower portion 1300 having the cavity 1402 configured to receive
the mobile device and an upper portion 3501 having the light sources (e.g., one or more light
sources 126). The upper portion 3501 is rotatable with respect to the lower portion 3500
from a first position (see, €.g., Fig. 35C) to a second position (see, e.g., Fig. 35A) in which, in
the first position, the light sources are configured to illuminate a first scene viewed by a first
camera of the mobile device that faces away from a user and is disposed on a first side of the
mobile device and in which, in the second position, the light source is configured to
illuminate a second scene viewed by a second camera of the mobile device that faces the user
and is disposed on an opposing second side of the mobile device.

[00212] However, the embodiments of Figs. 35A, 35B, and 35C are merely illustrative
and lighting device attachment 1300 may be provided without a rotating top portion. In
various embodiments, opening 1412 may be open or may be provided with a window (e.g., a
glass or plastic window through which light can be detected by camera 3520 of the mobile
device).

[00213] Fig. 36 is a flow chart illustrating a process of illuminating a scene such as an
area of interest using lighting device attachment 1300 in accordance with an embodiment of
the disclosure.

[00214] At block 3600, a mobile device such as mobile device 1302 (see, e.g., Figs.
13A and 13B) may be attached to a lighting device attachment such as lighting device
attachment 1300. Attaching the mobile device to the lighting device attachment 1300 may
include coupling a port of the mobile device to a connector of the lighting device attachment
and/or placing the mobile device within a cavity formed by one or more housing members of
the lighting device attachment. Attaching the mobile device to the lighting device
attachment may include operating (e.g., by squeezing) one or more engagement members
such as engagement members 1310 while inserting the mobile device into the cavity and
releasing the engagement members to secure the mobile device within the cavity. When the
mobile device is attached to the lighting device attachment, one or more light generating
elements such as reflectors with associated light sources as described herein may be aligned
with an optical element such as a camera and/or one or more light sources of the mobile
device.

[00215] At block 3602, the lighting device attachment may be activated. For example,
the lighting device attachment may be turned on using a switch or button of the lighting
device attachment such as a rotary switch as described herein. Activating the lighting device

attachment may include providing power from a battery of the lighting device attachment to
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one or more light sources at least partially disposed in a reflector such as one of reflectors
112 as described herein.

[00216] At block 3604, a lighting device attachment application on the mobile device
may be activated. For example, a user may click an icon associated with the application to
initiate communication between processing circuitry of the mobile device and processing
circuitry of the lighting device attachment (e.g., via the connector of the lighting device
attachment).

[00217] At block 3606, one or more light sources of the lighting device attachment
may be operated using a control component of the lighting device attachment and/or using the
lighting device attachment application on the mobile device. For example, power may be
increased or decreased to the one or more light sources by rotating a rotary switch such as
control component 1304 of (for example) Fig. 13A or by turning or otherwise adjusting a
virtual dimmer or other virtual switch displayed on a touchscreen display of the mobile
device (or by pressing a real button of the mobile device).

[00218] At block 3608, a camera and/or a light source of the mobile device may be
operated in cooperation with the one or more light sources of the lighting device attachment.
For example, a real or virtual shutter button on the mobile device may be clicked and, in
response to the click, the one or more light sources of the lighting device attachment may be
flashed or powered on when the camera of the mobile device captures an image or a video
stream. In this way, the lighting device attachment may be used to provide a more powerful
flash for capturing images and/or a more powerful illuminator for capturing video than a light
source of the mobile device. If desired, one or more light sources of the mobile device may
optionally be flashed along with the one or more light sources of the lighting device
attachment when an image is captured. In one embodiment, prior to capturing the
image/video while flashing the one or more light sources of the lighting device attachment, a
rotatable top portion of the lighting device attachment containing the one or more light
sources may be rotated to align the one or more light sources with a desired camera (e.g., a
front-facing or rear-facing camera) of the mobile device.

[00219] Figs. 37-44 are various views of an example design for a lighting device
housing which may be used for various types of lighting devices discussed herein. Fig. 45 is
a front perspective view of the lighting device design of Fig. 37.attached to an example
mobile device, wherein the mobile device is disposed within a housing of the lighting device

and the housing provides a case for the mobile device. Optional features for some
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embodiments are identified in Figs. 37-45 by broken lines. For example, in some
embodiments, the broken lines in Figs. 37-45 illustrate environmental features.

[00220] Although various embodiments for a lighting device attachment having a
housing cavity for receiving a mobile device and an associated electrical connector in the
cavity for communicatively coupling the lighting device attachment to the mobile device,
these examples are merely illustrative. In other embodiments, lighting device attachment
1300 may include an external coupling member rather than a device-receiving cavity for
attaching the mobile device to the lighting device attachment.

[00221] Fig. 46 shows a front perspective view of another embodiment of lighting
device attachment 1300 implemented with an external coupling member 4600 that attaches
mobile device 1302 to the lighting device attachment 1300, As shown, a port 4602 may be
formed in a lighting device attachment having an external coupling member.

[00222] Fig. 47 shows a rear perspective view of the lighting device attachment 1300
and mobile device 1302 of Fig. 46. As shown in Fig. 47, light source components such as
reflectors 112A and 112B may be formed on a rear side of lighting device attachment 1300
that is opposite to a front side on which external connector 4600 is attached. In this
configuration, reflectors 112A and 112B are configured to project light in the direction of the
field of view of a rear-facing camera 4700 of mobile device 1302. However, this is merely
illustrative and external coupling member 1304 may be coupled, if desired to the front side of
mobile device 1302 (e.g., and aligned to project light onto the field of view of a front facing
camera of the mobile device). As shown, control device 1304 may be formed on the same
side of lighting device attachment 1300 from which light is projected.

[00223] Fig. 48 shows a front perspective view of the lighting device attachment 1300
of Fig. 47 with mobile device 1302 removed to show how external coupling member 4600
may include rounded engagement portions 4800 configured to secure a mobile device to
lighting device attachment 1300. As shown, external coupling member 4600 may also
include a release member 4802 operable to remove external coupling member 4600 from
lighting device attachment 1300,

[00224] Fig. 49 shows an exploded front perspective view of lighting device
attachment 1300 of Fig. 48 in which external coupling member 4600 is removed from
lighting device attachment 1300 and showing how lighting device attachment 1300 may
include rail guides 4900 on an external surface of the housing of lighting device attachment
1300 that are configured to slidably receive a corresponding rail portion 4902 of external

coupling member 4600 to attach external coupling member 4600 to lighting device
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attachment 1300. Release tab 4802 may then be pressed to allow rail member 4902 to slide
out of rail guides 4900 to remove external coupling member 4600 from lighting device
attachment 1300. An engagement feature 4904 may also be provided on the external surface
of lighting device attachment 1300 for engaging a corresponding opening 5000 on external
coupling member 4600 as shown in the rear exploded perspective view of Fig. 50 when
release tab 4802 is not pulled away from the surface of lighting device attachment 1300.
[00225] In accordance with various techniques further described herein, portable
illumination devices may be provided to perform videography and photography with mobile
phones and other mobile devices. In some embodiments, such portable illumination devices
may be implemented in accordance with the various beam-shaping reflector embodiments,
attachment mechanism embodiments, and/or other embodiments discussed herein where
appropriate. Referring now to the additional drawings wherein the showings are for
purposes of illustrating embodiments of the present disclosure only, and not for purposes of
limiting the same, Figs. 51A-B show the projection of light provided by an illumination
device 6000 (e.g., also referred to as a lighting device). Figs. S1A-B include a perspective
view and an elevational view, respectively, of illumination device 6000 attached to a case
5100 with a mobile device 5900 disposed at least partially within case 5100. [llumination
device 6000 may be used as a flashlight and/or as an illuminator for videography and still
photography when used in conjunction with an electronic device equipped with a built-in
camera, such as mobile device 5900. However, as understood by one skilled in the art,
illumination device 6000 may be used with various other cameras and is not restricted to use
solely with a mobile phone as illustrated in Figs. 51A-B. For example, illumination device
6000 may be attached to and used with a mobile device such as a laptop computer, tablet
computer, video camera, point-and-shoot camera, SLR camera, DSLR camera, as well as
with various other types of devices used in photography and videography. Since illumination
device 6000 does not block light emitted by the illumination device 5913 (e.g., a flash) that is
built into the mobile device 5900, both illumination devices 5913 and 6000 can, if desired, be
used together for photography, videography, and/or as a flashlight.

[00226] In one or more embodiments, illumination device 6000 may be mechanically
coupled to an appropriate mobile device with a compatible mount that may or may not
include an electronic coupling to the mobile device (e.g., a hot shoe or a cold shoe) or may be
used without being mechanically coupled to the mobile device for off-camera illumination
(e.g., an off-camera flash) of scenes being photographed or recorded as videos by the camera

in the mobile device. Illumination device 6000 can also be used as a flashlight both when it
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is coupled to the mobile device and when it is not. Even when illumination device 6000 is

not mechanically coupled to the mobile device, it may still be electronically coupled to the

mobile device. For example, illumination device 6000 may be connected to mobile device

5900 via a wired connection (e.g., via a USB port and cable) and/or via a wireless connection
(e.g., a Bluetooth® connection). In some embodiments, when illumination device 6000 is
electronically coupled to mobile device 5900, one or more applications (e.g., apps) on the
mobile device may be used to control some or all of the various adjustable characteristics of
the illumination (e.g., flux output or color temperature) provided by illumination device 6000.
[00227] Camera 5912 of the mobile device 5900 has an optical axis 5920 (see Fig.
51B) that may be substantially perpendicular to a front surface (e.g., a lens) of camera 5912.
Camera 5912 has an FOV 5918 having a horizontal angle 5922 (e.g., approximately 50
degrees along the long axis of mobile device 5900) and a vertical angle 5923 (e.g.,
approximately 30 degrees along the short axis of mobile device 5900) that may define a
portion of a real-world scene captured by camera 5912. FOV 5918 may be centered on
optical axis 5920, both in the horizontal and vertical directions.

[00228] In the example of Figs. 51A-B, illumination device 6000 includes an optical
assembly 6002 with two light sources 6038A-B, two reflectors 6020A-B, and two transparent
windows 6034A-B placed in front of the reflectors 6020A-B to protect the reflectors 6020A-
B and light sources 6038A-B from contamination or damage due to foreign objects and
liquids. In some embodiments, each of the windows 6034A-B may have parallel planar inner
and outer surfaces, and the inner and/or outer surfaces of windows 6034A-B may be coated
with various materials (c.g., thin-film interference coatings) to reduce reflection losses and/or
alter the spectrum of light passing through the windows 6034A-B.

[00229] Thus, optical assembly 6002 provides two optical trains 6002A-B. In this
regard, optical train 6002A is comprised of light source 60384, its associated reflector
6020A, and its associated window 6034A, whereas optical train 6002B is comprised of light
source 6038B, its associated reflector 6020B, and its associated window 6034B. Although
optical assembly 6002 and optical trains 6002A-B have been described in terms of various
particular components (e.g., light sources 6038A-B, reflectors 6020A-B, and windows
6034A-B), additional and/or other components may be provided (e.g., optical components
such as lenses, optical filters, and/or optical diffusers).

[00230] The location of optical assembly 6002 at a proximate end of illumination
device 6000 near camera 5912 is merely illustrative. In some embodiments, optical assembly

6002 may be located at an opposing distal end of illumination device 6000 away from camera
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5912. In this regard, increasing the distance of optical assembly 6002 from camera 5912 in
this manner may reduce the degradation of the quality of imagery captured by the camera due
to light that is backscattered into FOV 5918 of camera 5912 from airborne particles
illuminated by illumination device 6000 in some embodiments.

[00231] Reflectors 6020A-B may receive and reflect light from respective light sources
6038A-B disposed partially within the reflectors, as discussed herein. A large fraction of this
reflected light may pass through windows 6034A-B. In addition, a significant fraction of the
light emitted by light sources 6038A-B may pass directly through windows 6034A-B without
reflecting off of reflectors 6020A-B. The light exiting illumination device 6000 through
windows 6034A-B generates a combined output light beam having a characteristic non-
rotationally symmetric intensity distribution as a function of vertical and horizontal angular
coordinates (e.g., a beam configured to illuminate a scene defined by an FOV of the camera
of the mobile device). In some embodiments, reflectors 6020A-B may be implemented, for
example, as non-paraboloidal monolithic beam-shaping reflectors and/or in accordance with
any of the various embodiments described and/or illustrated in the present disclosure, in U.S.
Provisional Patent Application No. 62/104,038 filed January 15, 2015, and/or of U.S.
Provisional Patent Application No. 62/169,491, filed June 1, 2015, all of which are hereby
incorporated by reference in their entirety.

[00232] Optical trains 6002A-B of illumination device 6000 may output flux having
the same spectrum or they may output flux having different spectra (e.g., in some
embodiments, optical trains 6002A-B may both output white light, but optical train 6002A
may produce light having a spectrum characterized by a warmer color temperature than that
produced by optical train 6002B).

[00233] In some embodiments, using two or more optical trains 6002A-B allows for
additional control of the shape of the overall light beam 6076 provided by illumination device
6000. In this regard, the overall light beam 6076 is a combination (e.g., a melding) of
individual light beams 6076A-B produced by optical trains 6002A-B.

[00234] In some embodiments, reflectors 6020A-B of illumination device 6000 may be
aligned along substantially parallel optical axes. In some embodiments, as illustrated in the
example embodiments Figs. 51A-B, reflectors 6020A-B of illumination device 6000 may be
aligned along respective non-parallel optical axes 6082A-B (also referred herein as symmetry
axes) tilted off axis from each other by a non-zero angle (e.g., an angle of about 15 degrees

such as angle 6085 in Fig. 51B) to generate a relatively wider combined light beam 6076.
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[00235] In some embodiments, an off-axis implementation permits combined light
beam 6076 to exhibit oval intensity contours (e.g., see the intensity distribution of Fig. 53A),
rather than a beam having substantially circular intensity contours, as is typically produced by
a single axisymmetric reflector. The combined beam 6076 having oval intensity contours
may be useful in various scenarios, such as lighting fbr video and still photography, where
the desired field of view (e.g., camera FOV 5918) to be illuminated is typically wider in one
direction than in the orthogonal direction (e.g., a ratio of 16:9 in some embodiments).
[00236] For example, illumination device 6000 may project a directional output light
beam 6076 from optical assembly 6002. Beam 6076 may be a product of the combination of
individual beam 6076A and individual beam 6076B produced by optical trains 6002A and
6002B, respectively, where the angular beam width 6077 of beam 6076 in at least one
meridian (e.g., horizontal) may be greater than the angular beam widths 6084A-B of either of
the individual beams 6076A-B. For example, i/n some embodiments, the angular beam width
may correspond to the full angular width at half maximum of the intensity profile of a given
beam measured along a straight line parallel to a specified meridian and passing through the
beam’s peak intensity value.

[00237] In one or more embodiments, each of the optical trains 6002A-B may be
separately tilted such that the optical axes 6082A-B of the reflectors 6020A-B are not parallel
to each other and/or are not parallel to camera optical axis 5920. For example, optical trains
6002A-B may be oriented such that optical axes 6082A-B may have an angular offset of 15
degrees relative to each other in the horizontal meridian, with each axis offset by 7.5 degrees
in opposite directions relative to camera optical axis 5920 as shown in Fig. 51B (e.g., one
optical train may point 7.5 degrees to the left of the camera optical axis 5920, while the other
points 7.5 degrees to the right, thus providing an overall offset of 15 degrees between optical
axes 6082A-B). As a result of these angular offsets of the optical trains 6002A-B, light
beams 6076A-B may only partially overlap (e.g., denoted by overlap area 6078). In other
embodiments, beams 6076A-B may be individually oriented in other directions (e.g.,
independently oriented in two different directions, where each direction is defined in terms of
a horizontal and/or a vertical angular offset relative to camera optical axis 5920).

[00238] In one or more embodiments of the present disclosure, the combined intensity
distribution produced by the light beams 6076A-B of optical trains 6002A-B may extend
significantly beyond the edges of FOV 5918 in one or more directions. For example, in some
embodiments, optical assembly 6002 may project an output light beam that extends

substantially beyond FOV 5918 in all angular directions, thus compensating for parallax
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between camera 5912 and optical trains 6002A-B and allowing for use of illumination device
6000 with cameras having varying FOVs (e.g., varying FOV sizes and shapes).

[00239] In one or more embodiments, the optical axes 6082A-B of the reflectors
6020A-B are oriented at different angles while the light sources 6038 A-B and/or windows
6034A-B all remain untilted. As a result, costs may be reduced and manufacturability may
be improved by allowing all light sources 6038A-B to be mounted on a single flat surface
and/or a single common window to be used for all the optical trains 6002A-B.

[00240] In some embodiments, light sources used in a single illumination device are
identical. Alternatively, in other embodiments, light sources may be implemented with
different optical output characteristics in a single illumination device. For example, two or
more light sources with different output spectra may be used. By controlling the flux output
of each of the multiple light sources, the spectrum of the melded output beam, as well as the
total flux output, may be continuously adjusted (e.g., during operation of the illumination
device). This technique allows, for example, the color temperature of the white-light beam
produced by a single illumination device to be adjusted over a useful range, thereby
providing an effective means for altering color casts in still photographs and videos.

[00241] In some embodiments light sources may be implemented as LEDs, however
other implementations are also contemplated (e.g., incandescent light bulbs, tungsten-halogen
light bulbs, fluorescent light bulbs, high-intensity discharge light bulbs, or any other singular
or plural light source devices). Although two light sources 6038A-B are illustrated,
illumination device 6000 may be implemented with one, two, or more light sources. In
embodiments where illumination device 6000 includes more than one light source, the optical
trains 6002A-B may provide light having the same or different spectra. In embodiments
where different spectra are provided, the desired spectrum to be produced by each optical
train may be obtained by selecting an appropriate light source having substantially the desired
spectrum. In some embodiments, coatings on the reflectors 6020A-B, windows 6034A-B,
and/or other optical components inserted into the optical trains 6002A-B could be used to
alter the spectrum of the light emitted by the light sources, thereby producing a desired output
spectrum.

[00242] As depicted in Figs. 51A-B, in one or more embodiments of the present
disclosure, when illumination device 6000 is mechanically coupled to mobile device 5900,
the exit pupils of optical trains 6002A-B (e.g., corresponding to the outside diameter of
reflectors 6020A-B and/or windows 6034A-B from which light beams 6076A-B project in

some embodiments) may be separated from the entrance pupil of the camera 5912 (e.g.,
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corresponding to the outside diameter of a lens or window of camera 5912 through which
light is received from an externally imaged scene) by distances that are substantially larger
than the separation between the entrance pupil of the camera 5912 and the exit pupil of built-
in illumination device 5913 (e.g., the outside diameter of illumination device 5913 from
which light is projected). In some embodiments, the distances separating the exit pupils of
optical trains 6002A-B may be on the order of the largest spatial dimension of the mobile
device 3900, Making these separation distances that large or larger has the advantage of
significantly reducing the degradation of the quality of imagery captured by the camera due
to light that is backscattered into the FOV 5918 of the camera 5912 from airborne particles
(e.g., dust) illuminated by illumination device 6000.

[00243] As shown in Fig. 51B, the combined output beam 6076 from optical assembly
6002 may partially or substantially intersect FOV 5918 of camera 5912 as defined by region
7802. Optical assembly 6002 may provide illumination that a conventional illumination
device 5913 is incapable of providing. For example, in some embodiments, one or more
control interfaces (e.g., one or more user controls 6004) may be used to adjust the output flux
levels of light beams 6076A-B produced by optical trains 6002A-B simultaneously or
independently from one another, thus allowing a user to obtain a specific desired illumination
level and specific desired illumination color temperature for a scene.

[00244] Fig. 52 is a block diagram of a system 7300 that includes illumination device
6000 and mobile device 5900. As shown in Fig. 52, illumination device 6000 may include
coupling member 7308 for coupling mobile device 5900 to illumination device 6000.
Coupling member 7308 may be a mechanical coupling member (e.g., engagement members
6008 of Fig. 60) and/or an electrical coupling member (e.g., a USB port 6024 or micro-USB
port 6026 of Fig. 61 and/or other electrical connections discussed herein). In some
embodiments, coupling member 7308 may be an external coupling member part of the outer
surface of the housing of illumination device 6000 that is configured to be received and
mechanically secured to mobile device 5900 via an attachment mechanism (e.g., mobile
device case 5100). In another embodiment, coupling member 7308 may be an electrical
connector disposed in a cavity in a housing of illumination device 6000. For example,
illumination device 6000 may connect via USB port 6024 or micro-USB port 6026 (shown in
Fig. 61) to mobilé device 5900. In some embodiments, USB ports 6024/6026 may be
selectively protected by a cover 6006 (shown in Figs. 65-67). In some embodiments, such an
electrical connection may provide a way for both data and electrical power to be exchanged

between the mobile device 5900 and illumination device 6000. For example, operation of

-47-




10

15

20

25

30

WO 2016/115527 PCT/US2016/013712

illumination device 6000 may be controlled by mobile device 5900, and/or vice versa. In
some embodiments, such an electrical connection may be used to recharge battery 5904 in
mobile device 5900 by one or more batteries 6056 of illumination device 6000.

[00245] In some embodiments, batteries 6056 may be used to power light sources
6038A-B and/or other electrical components of illumination device 6000. Moreover, by
providing one or more batteries 6056 within illumination device 6000, light sources 6038A-B
and/or other electrical components of illumination device 6000 may receive electrical power
from batteries 6056 for long periods of time without draining battery 5904 of mobile device
5900.

[00246] Referring again to Fig. 52, mobile device 5900 may have a coupling member
7306, such as a mechanical attachment mechanism (e.g., case 5100 with ribs 5124 and
grooves 5114 or a cold shoe mount). In another embodiment, mobile device 5900 and
illumination device 6000 may also be coupled electrically (e.g., via a port such as a 30-pin
connector port or a “Lightning” port or a hot shoe mount) that mechanically and/or
electrically couples to illumination device 6000. In some embodiments, illumination device
6000 may be communicatively separate from mobile device 5900 (e.g., mobile device 5900
may be attached or unattached mechanically and/or electrically to illumination device 6000
and both devices may be operated separately and independently without any electrical
coupling between the two). In other embodiments, mobile device 5900 may send and/or
receive electrical power and/or communications signals to and/or from illumination device
6000 via coupling members 7306 and 7308 (e.g., as indicated by arrows 7304). In this
respect, coupling member 7306 of mobile device 5900 may form a connector interface (¢.g., a
wired communication interface) including, for example, circuitry such as one or more
processors, integrated circuits, ports, or other circuitry for managing communications with
illumination device 6000. Coupling member 7308 may form a connector interface (e.g., a
wired communication interface) for illumination device 6000 including circuitry configured
to manage communications with mobile device 5900 and/or other devices, and/or to route
power from its batteries 6056 to battery 5904 (e.g., a lithium ion or other battery) for
charging battery 5904.

[00247] As shown, mobile device 5900 and illumination device 6000 may include
wireless communication interfaces 5917 and 6017, respectively, which may be implemented
with appropriate circuitry such as one or more processors, integrated circuits, ports, antennas,

or other circuitry for managing wireless communications between mobile device 5900 and
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illumination device 6000 (e.g., to pass appropriate control signals or data therebetween using
Wi-Fi, Bluetooth®, and/or other communication techniques).

[00248] As shown in Fig. 52, illumination device 6000 may include other components
such as processor 6070, memory 6072, one or more light sources such as light sources
6038A-B, one or more optical elements such as optical assembly 6002 as discussed, and user
controls 6004 (e.g., one or more buttons, switches, sliders, rotary encoders, and/or other
control mechanisms). In some embodiments, such a user control 6004 may be provided as a
sliding dimmer switch as shown in Figs. 51A-B. In this regard, user control 6004 may be
configured to vary the intensity of light provided by optical assembly 6002 based on Hall
effect principles. Other user controls 6004 using the same or different operating principles
may be used.

[00249] Processor 6070 may be implemented, for example, as a microcontroller,
microprocessor, a Field Programmable Gate Array (FPGA), an Application Specific
Integrated Circuit (ASIC), and/or any appropriate combination of these or other types of
devices.

[00250] Memory 6072 (e.g., implemented as any appropriate type of volatile and/or
non-volatile memory) may be used to store instructions and/or data. For example, in some
embodiments, memory 6072 may be implemented as a non-transitory machine-readable
medium storing various instructions which may be executed by processor 6070 to perform
various operations such as recei{/ing and processing operating instructions from mobile
device 5900. In some embodiments, such a machine-readable medium may be provided
within processor 6070 itself (¢.g., as firmware and/or otherwise) and/or external to processor
6070. Processor 6070 may include processing circuitry disposed within the housing of
illumination device 6000 and configured to receive control signals from the mobile device
5900 via the coupling member 7308 and to operate the light sources 6038A-B in response to
the control signals. The control signals may be generated by an application program interface
(API) 7301 running on processor 5908 of mobile device 5900 based on user input.

[00251] As discussed, light sources 6038A-B may be implemented using any desired
number or types of light sources. As also discussed, light sources 6038A-B may gencrate
light of the same or different spectra (e.g., having the same or different wavelengths). In
some embodiments, one or more optical filters may be provided (e.g., within or external to
light sources 6038A-B) to modify the spectrum of light emitted from illumination device
6000. Thus, in various embodiments, light beams 6076A-B may exhibit wavelength ranges

that overlap with each other completely, partially, or not at all. In various embodiments, the
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wavelength ranges may comprise electromagnetic radiation in any desired portions (e.g.,
subsets) of the spectral regions ranging from the extreme ultraviolet (UV) to the far infrared
(IR) (e.g., wavelengths from approximately 10 nm to approximately 106 nm) and/or the
spectral regions of the visible-light band (e.g., wavelengths ranging from approximately 390
nm to approximately 770 nm). In various embodiments, such wavelength ranges may be
determined by light sources 6038A-B themselves and/or other portions of optical trains
6002A-B including one or more of light sources 6038A-B, reflectors 6020A-B, windows
6034A-B, and/or other optical components such as lenses, optical filters, and/or optical
diffusers).

[00252] As discussed, illumination device 6000 may include reflectors 6020A-B
associated with light sources 6038A-B. For example, light sources 6038A-B may be
disposed at least partially within corresponding reflectors 6020A-B that shape light generated
by light sources 6038A-B into light beams 6076A-B that are projected from illumination
device 6000 to provide a combined light beam 6076 onto an area or two-dimensional angular
zone of interest such as a scene viewed within the FOV of a camera 5912 of mobile device
5900.

[00253] In some embodiments, reflectors 6020A-B may be implemented in the same or
similar manner to provide similarly shaped light beams 6076A-B. In some embodiments,
reflectors 6020A-B may be implemented differently from each other to provide more degrees
of freedom in creating desired shapes for combined light beam 6076.

[00254] As shown in Fig. 52, mobile device 5900 may include various components
such as battery 5904, display 5906 (e.g., a liquid crystal display or a light-emitting diode
display), processor 5908, memory 5910, one or more cameras such as camera 5912 (e.g.,
rear-facing camera and/or a forward-facing camera), light source 5913 (e.g., one or more
LED light sources), user controls 5916 (e.g., buttons, switches, and/or touchscreen
components such as portions of display 5906 when implemented as a touchscreen), and/or
other components as commonly implemented in mobile devices such as smartphones (e.g.,
positioning circuitry such as global-positioning system circuitry (GPS), one or more
accelerometers, gyroscopes, compasses, etc.).

[00255] Processor 5908 may be implemented, for example, as a microcontroller,
microprocessor, a Field Programmable Gate Array (FPGA), an Application Specific
Integrated Circuit (ASIC), and/or any appropriate combination of these or other types of

devices.
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[00256] Memory 5910 (e.g., implemented as any appropriate type of volatile and/or
non-volatile memory) may be used to store instructions and/or data. For example, in some
embodiments, memory 5910 may be implemented as a non-transitory machine-readable
medium storing various instructions which may be executed by processor 5908 to perform
various operations such as operating an illumination device application 7302 (e.g., running on
processor 5908 and interfacing with AP1 7301) for controlling illumination device 6000 (e.g.,
for operating light sources 6038A-B to flash, turn on, turn off, or increase or decrease in
brightness). In some embodiments, such a machine-readable medium may be provided
within processor 5908 itself (e.g., as firmware and/or otherwise) and/or external to processor
5908.

[00257] Various controls may be used to ope'rate light sources 6038A-B (e.g., to turn
on/off, increase or decrease in intensity, go into a strobe mode, and/or perform other
operations). In some embodiments, light sources 6038A-B may controlled by user controls
6004 of illumination device 6000 itself. In some embodiments, light sources 6038A-B may
be controlled by mobile device 5900 (e.g., by user controls 5916 of mobile device 5900
providing signals communicated to illumination device 6000 and/or an application 7302
running on processor 5908 of mobile device 5900 providing such signals).

[00258] In some embodiments, manipulation of user controls 6004 may cause
processor 6070 of illumination device 6000 to communicate signals to processor 5908 of
mobile device 5900 to cause an operating system 7303 and/or application 7302 running on
processor 5908 to display status information to the user (e.g., on/off status, light intensity,
strobe duration, and/or other information). Additionally, the operating system 7303 and/or
application 7302 may receive user inputs from user controls 5916 of mobile device 5900 and
send appropriate control signals to processor 6070 of illumination device 6000 to control
light sources 6038A-B (e.g., in addition to and/or overriding user controls 6004),

[00259] In some embodiments, illumination device 6000 and mobile device 3900 may
communicate in accordance with a published or downloadable API 7301. The API 7301 may
be an open AP, thereby allowing third parties to publish software that can be downloaded on
a mobile device to control the light generated by illumination device 6000 and/or one or more
light sources 5913 in the mobile device. For example, an AP1 7301 may be provided that
generates stop-motion strobe photography functionality, using the mobile device’s camera
5912 capabilities in conjunction with timed strobing of the light sources 6038A-B in the

illumination device 6000,
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[00260] In some embodiments, an illumination device API 7301 on mobile device
5900 may grant software of the mobile device 5900 the ability to turn the light sources
6038A-B of the illumination device 6000 on and off, adjust the output flux level of each light
source, schedule or time durations of light being on with light being off (e.g., strobing or
signaling), and/or ramp the peak intensity from one value to another (as examples).

[00261] These various control methodologies may be applied to a variety of different
types of mobile devices and illumination devices to confer mobile device capabilities on an
illumination device. In one example use case, a GPS-controlled illumination device may be
provided in which built-in GPS functionality of a mobile device can be accessed and used to
activate or deactivate the light source(s) of an attached illumination device based on a
location of the mobile device and illumination device (e.g., a GPS-determined location
provided by the mobile device’s GPS circuitry). In another example use case, a motion-
controlled illumination device may be provided in which an accelerometer or other motion-
detection circuitry in a mobile device that is attached to the illumination device can provide
information about the motion of the mobile device and illumination device. The information
can be provided to processing circuitry in the mobile device or the illumination device which,
in response to the motion information, may cause the light sources of the illumination device
to react (e.g., turn on, turn off, flash, strobe, increase or decrease in brightness, etc.) based on
the orientation, rate, direction, or pattern of movement. In another example use case, a
network-controlled illumination device may be provided in which a mobile device that is
attached to an illumination device acts as a device receiving network signals via the internet,
Bluetooth® or other communications circuitry or protocols that then cause processing
circuitry in the mobile device or the illumination device to react to those signals and operate
the light sources of the illumination device accordingly (e.g., to turn on, turn off, flash,
strobe, increase or decrease in brightness, etc. of the light sources in response to the received
network signals). For example, the received network signals may be generated by a remote
user such as a parent of a child in possession of the mobile device and illumination device
(e.g., to help locate the child or communicate with the child) or by a user of the mobile device
and illumination device (e.g., to activate the light source to help locate a missing phone or
capture an image remotely). |

[00262] Fig. 53A illustrates a contour map of intensity as a function of horizontal and
vertical angular coordinates produced by combining two light beams (e.g., beams 6076A-B)
offset by a 15-degree angle relative to each other. The oval-shaped distribution may be

created by, for example, an output beam including two overlapping, melded beams of light
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(e.g., beam 6076). The individual beams 6076A-B may have a common spectrum or
different spectra, and the two individual beams 6076A-B may have the same or different
angular intensity distributions. In an embodiment, the intensity of the output beam 6076 may
be greatest at a centrally located portion 8002 of an intensity distribution 8000. A portion
8004 may represent an angular zone in which the intensity values become progressively
lower as a function of angular separation from central intensity peak 8002.

[00263] Fig. 53B shows intensity distribution 8000, but with all intensity values set
equal to zero outside rectangular angular region 8008 corresponding to the FOV 5918 of the
camera 5912 of a mobile device (e.g., FOV 5918 of Fig. 51A). The angular intensity
distribution produced by the illumination device 6000 extends substantially beyond the
boundaries of angular FOV region 8008, ensuring substantial illumination is received over
the entire FOV 5918 of the camera 5912.

[00264] Fig. 54A illustrates a gray-scale plot corresponding to the logarithm of the
same angular intensity distribution depicted as a contour plot in Fig. 53A. Fig. 54B illustrates
a gray-scale plot corresponding to the logarithm of this same intensity distribution, where all
intensity-logarithm values outside rectangular angular region 8108 corresponding to the FOV
5918 of the camera 5912 of mobile device 5900 have been set equal to a small value
corresponding to the darkest shade of the gray scale. Figs. 54A-B may include portions 8102
and 8104 of intensity distribution 8100 corresponding to portions 8002 and 8004 of intensity
distribution 8000 of Figs. 53A-B. Fig. 54A shows a gradual and continuous decrease in the
intensity as a function of angular separation from the central intensity peak 8102.

[00265] Fig. 55 is a flow chart illustrating a process 8200 of providing illumination
having appropriate characteristics (¢.g., intensity distribution and color temperature) to a
scene or angular region of interest using illumination device 6000 in accordance with an
embodiment of the disclosure.

[00266] At block 8210, the illumination device 6000 may be coupled to a mobile
device with a camera. Illumination device 6000 may be mounted to, for example, mobile
device 5900 at least partially enclosed in case 5100 using methods discussed herein. The
illumination device may be coupled to a mobile device mechanically and/or electrically, as
discussed herein. ‘

[00267] At block 8220, the illumination device 6000 may illuminate a portion of a
scene lying within the FOV 5918 of the camera 5912 with the one or more light sources (e.g.,
light sources 6038A-B) and may project light beams 6076A-B, respectively. For example,

the illumination device 6000 may be activated by a user control 6004 of the illumination
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device 6000, an application 7302 running on processor 5908 of mobile device 5900, and/or a
user control 5916 of mobile device 5900. Activating the illumination device 6000 may
include providing power from one or more batteries 6056 within the illumination device 6000
to one or more light sources 6038A-B at least partially disposed in one or more reflectors
6020A-B. Light beams 6076A-B may be produced by light sources 6038A-B, shaped by
associated reflectors 6020A-B, and passed through transparent windows 6034A-B that may
alter the spectrum and/or intensity distribution of the light beams 6076A-B. As discussed, the
light beams 6076 A-B may be tilted at non-zero angles relative to each other and relative to
the optical axis 5920 of the camera 5912. The light beams 6076A-B may be independently
tilted so that the light beams 6076A-B overlap within the FOV 5918 of the camera 5912. The
overlapped light beams 6076A-B may provide a combined light beam 6076 with an angular
region of highest intensity (e.g., portion 8102 of Figs. 54A-B) in FOV 5918 as discussed
herein.

[00268] At block 8230, the light beams 6076A-B may be adjusted (e.g., by the various
controls and/or applications 7302 discussed herein) by simultaneously or independently
adjusting the total optical flux emitted by each of the light sources 6038A-B by adjusting the
amount (e.g., level) of electrical power used to drive each of them (e.g., by adjusting one or
more voltages, currents, pulse width modulation (PWM) patterns, and/or other associated
aspects). Depending on the specifications of the light sources 6038A-B, the designs of the
optical components comprising optical trains 6002A-B, and the spatial and angular
orientations of the various optical components comprising these optical trains 6002A-B,
various optical characteristics (e.g., the angular intensity distribution and/or color
temperature) of the combined output beam 6076 produced by the illumination device 6000
may be altered due to said adjustment of the electrical power used to drive each of the light
sources 6038A-B. The level of electrical power used to drive each of the light sources
6038A-B may be adjusted during operation of the illumination device 6000 and/or mobile
device 5900 (e.g., during a video recording) and may be adjusted discretely or continuously.
These electrical power levels may be adjusted using any of the various control techniques
discussed herein. For example, electrical drive power may be increased or decreased to one
or more light sources 6038A-B by sliding a switch (e.g., user control 6004). In another
embodiment, the mobile device 5900 that the illumination device 6000 is electrically coupled
to méy also independently adjust the electrical drive power used to drive one or more of the
light sources 6038A-B by turning or otherwise adjusting a virtual dimmer or other virtual

switch or control displayed on a touchscreen display of the mobile device 5900 (e.g.,
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displayed by an application 7302 or operating system 7303 running on processot 5908 of
mobile device 5900), or by operating one or more uset controls 5916 of mobile device 5900
(e.g., real buttons, switches, knobs, and/or other controls).

[00269] At block 8240, imagety (e.g., one or more images providing visual
representations, such as individual still images and/or a video stream) of the portion of the
scene within the FOV is captured. For example, camera 5912 may capture imagery of a
scene that is illuminated by illumination device 6000. A user may then review the captured
imagery on the display 5906 (e.g., a conventional screen and/or a touchscreen) of the mobile
device 5900, further adjust the optical characteristics (block 8230) of the illumination
provided by the illumination device, and capture additional images until the desired
characteristics (e.g., color cast, contrast level, etc.) of the imagery are achieved.

[00270] In an embodiment, the illumination device 6000 may be used to provide
significantly higher-intensity illumination for capturing both still and video imagery than the
one or more light sources 5913 built into the mobile device 5900, thereby allowing high-
quality imagery to be captured at significantly longer ranges in low-ambient-lighting
conditions than would be possible without the illumination device 6000. In addition, the
significantly higher-intensity illumination provided by the illumination device 6000 may
allow for significantly improved contrast control (e.g., fill flash) in situations where the
brightness level provided by ambient lighting varies significantly over the scene to be
captured. If desired, one or more light sources 5913 of the mobile device 5900 may
optionally be operated along with the one or more light sources 6038A-B of the illumination
device 6000 when still or video imagery is captured. In one embodiment, prior to capturing
still or video imagery while operating the one or more light sources 6038A-B of the
illumination device 6000, a rotatable top portion of the illumination device 6000 containing
the one or more light sources 6038 A-B may be rotated to align with a desired camera (e.g., a
front-facing or reaeracing camera) of the mobile device 5900.

[00271] Figs. 56-58 are various views of a case 5100 and Fig. 59 is a front perspective
view of case 5100 attached to mobile device 5900 in accordance with embodiments of the
disclosure. Case 5100 may be used to attach various types of devices (e.g., illumination
device 6000; see Fig. 60) to mobile device 5900 as discussed herein. In various
embodiments, case 5100 may partially and/or fully enclose mobile device 5900. Case 5100
may have various apertures (e.g., light aperture 5102 and/or switch/button apertures 5104,
5106, and/or 5108; see Figs. 56 and 65-67) for convenient access to various components of

mobile device 5900 at least partially disposed in case 5100.
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[00272] Various features are provided on rear portion 5122 of case 5100, including an
outer surface portion 5132, ribs 5124, and grooves 5114 (e.g., tracks). Ribs 5124 are
disposed on substantially opposite sides of outer surface 5132. As shown in Figs. 56, 57, and
58, portions 5124a of ribs 5124 are elevated and disposed away from outer surface 5132 to
define grooves 5114 between elevated portions 5124a and outer surface 5132. For example,
grooves 5114 may be implemented as respective elongate voids between elevated portions
5124a and outer surface 5132. Ribs 5124 also include solid portions 5124b which provide
stops 5120 at respective ends of grooves 5114. For example, in some embodiments, stops
5120 may be formed by solid portions 5124b of ribs 5124 conjoining with outer surface 5132
to define stops 5120 as surfaces substantially perpendicular to outer surface 5132 (e.g., see
Figs. 57 and 58). Accordingly, grooves 5114 extend under elevated portions 5124a of ribs
5124 and terminate at solid portions 5124b.

[00273] Case 5100 also includes a wedge-shaped locking member 5116 having a
contact surface 5118 configured to engage with a complementary feature of illumination
device 6000 as further described herein.

[00274] Case 5100 includes textured surfaces 5130 adjacent to ribs 5124, Outer
surface 5132 includes textured surfaces 5128 (e.g., in a dimpled pattern as shown or
otherwise). In various embodiments, textured surfaces 5128 and/or 5130 may be provided to
permit a user to conveniently grip case 5100 while illumination device 6000 is attached
thereto.

[00275] Figs. 60-63 are various views of illumination device 6000 illustrating
mechanical structures used to attach it to mobile device 5900 through case 5100 in
accordance with embodiments of the disclosure. Fig. 64 is a cross-sectional view of case
5100, mobile device 5900, and illumination device 6000 in accordance with embodiments of
the disclosure. Figs. 65-67 are various views of illumination device 6000 in a process of
engagement with case 5100 in accordance with embodiments of the disclosure. |
[00276] Case 5100 and illumination device 6000 may interoperate to provide an
attachment mechanism to secure (e.g., mechanically couple) illumination device 6000 to
mobile device 5900 while mobile device 5900 is held by case 5100. In this regard,
illumination device 6000 includes two opposing, elongate, and substantially parallel
engagement members 6008 extending from a housing 6014 of illumination device 6000 and
used to connect to case 5100. In various embodiments, engagement members 6008 may be
integral portions of housing 6014 or may be separate structures mounted to or otherwise

attached to housing 6014.
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[00277] Engagement members 6008 each include an elongate tongue 6066 adapted to
slide into a corresponding one of grooves 5114 in a tongue-and-groove engagement. As
shown in Fig. 60, tongues 6066 may be implemented as flanges extending from main body
portions of engagement members 6008. Each tongue 6066 has an abutment surface 6012
configured to contact a corresponding stop 5120 of case 5100 when illumination device 6000
is mounted onto case 5100 and engagement members 6008 are completely engaged with ribs
5124. Abutment surfaces 6012 may be implemented as notches in engagement members
6008. In this regard, abutment surfaces 6012 may catch and rest adjacent stops 5120 of case
5100 when illumination device 6000 is slid onto case 5100 and completely engaged
therewith.

[00278] As shown in the cross-sectional view of Fig. 64 taken at line 14-14 of Fig.
51A, tongues 6066 of engagement members 6008 may be positioned within grooves 5114 of
case 5100 such that elevated portions 5124a of ribs 5124 are disposed above tongues 6066,
thus securing illumination device 6000 to case 5100 through the engagement of tongues 6066
with grooves 5114. As also shown, elevated portions 5124a of ribs 5124 may engage with
corresponding grooves 6064 (e.g., tracks) of illumination device 6000 (e.g., grooves 6064
formed between a substantially flat surface 6013 of housing 6014 and tongues 6066 of
engagement members 6008) to further secure illumination device 6000 to case 5100.

[00279] [lumination device 6000 also includes locking member 6010, which may be
used to further secure illumination device 6000 to case 5100. Locking member 6010 is
disposed on housing 6014 and provides a contact surface 6022 configured to engage with
contact surface 5118 of locking member 5116 in a complementary fashion. As tongues 6066
slide into grooves 5114, illumination device locking member 6010 will slide over case
locking member 5116. When tongues 6066 are fully slid into grooves 5114 (e.g., such that
abutment surfaces 6012 contact stops 5120), locking member 6010 will have fully slid over
locking member 5116, Locking member 6010 will be pulled down toward outer surface 5132
of case 5100 due to the engagement of tongues 6066 and grooves 5114. As a result, locking
member 6010 will be positioned in front of locking member 5116. Locking members 5116
and 6010 may be sized and positioned such that surfaces 5118 and 6022 are in contact and in
tension with each other (e.g., surface 5118 may push against surface 6022) when locking
member 6010 is so positioned. This causes locking member 5116 to bias (e.g., push) locking
member 6010, and therefore also push housing 6014, toward stops 5120. As a result, tongues
6066 of engagement members 6008 will be pushed against stops 5120 by their attachment to
housing 6014,
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[00280] The mechanical engagement of case 5100 with illumination device 6000 can
be further understood with reference to Figs. 65-67. In Fig. 65, illumination device 6000 is
positioned away from case 5100 and is slid generally in the direction of arrow 6700. In other
embodiments, case 5100 may be slid toward illumination device 6000 (e.g., generally
opposite the direction of arrow 6700) or case 5100 and illumination device 6000 may be slid
toward each other. In Fig. 66, tongues 6066 have been partially slid into grooves 5114 such
that illumination device 6000 is partially engaged with case 5100. In Fig. 67, tongues 6066
have been fully slid into grooves 5114 such that abutment surfaces 6012 contact stops 5120
and surfaces 5118 and 6022 of locking members 5116 and 6010 are engaged with each other.
Ilumination device 6000 may be disengaged from case 5100, for example, by reversing the
sliding operation with sufficient force to dislodge locking members 5116 and 6010 from each
other to permit locking member 6010 to slide back over locking member 5116 and withdraw
tongues 6066 from grooves 5114,

[00281] Various embodiments described and/or illustrated by the present disclosure
may be combined with any of the various embodiments described and/or illustrated in U.S.
Provisional Patent Application No. 62/104,038 filed January 15, 2015, which is hereby
incorporated by reference in its entirety.

[00282] The disclosure is not intended to limit the present invention to the precise
forms or particular fields of use disclosed. It is contemplated that various alternate
embodiments and/or modifications to the present invention, whether explicitly described or
implied herein, are possible in light of the disclosure. For example, it is contemplated that
the various embodiments set forth herein may be combined together and/or separated into
additional embodiments where appropriate. Where applicable, the ordering of various steps
described herein can be changed, combined into composite steps, and/or separated into sub-
steps to provide features described herein.

[00283] Embodiments described above illustrate but do not limit the invention. It
should also be understood that numerous modifications and variations are possible in
accordance with the principles of the present invention. Accordingly, the scope of the

invention is defined only by the following claims.
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CLAIMS
What is claimed is:

1. A portable illumination device comprising:

a housing;

a plurality of light sources disposed within the housing and configured to provide
corresponding light beams having independently adjustable output flux levels; and

wherein the light beams at least partially overlap to provide a combined light beam to
provide illumination for images of an external area of interest captured by a camera of a

mobile device separate from the housing,.

2. The portable illumination device of claim 1, wherein first and second ones of
the light beams exhibit different corresponding first and second wavelength ranges, wherein
the combined light beam exhibits a color temperature determined by the output flux levels of
the first and second light beams to provide a desired color cast for the images captured by the

camera of the mobile device.

3. The portable illumination device of claim 2, wherein the first and second

wavelength ranges comprise partially overlapping visible light wavelength ranges.

4, The portable illumination device of claim 2, wherein the portable illumination
device further comprises a control interface configured to receive a manipulation by a user to

selectively adjust the output flux levels.

5. The portable illumination device of claim 2, wherein the portable illumination
device further comprises a communication interface configured to receive a signal from the
mobile device to selectively adjust the output flux levels in response to an operation by a user

of the mobile device.

6. The portable illumination device of claim 1, wherein first and second ones of
the light beams exhibit different corresponding first and second wavelength ranges
corresponding to different subsets of wavelengths within a spectrum from approximately 10

nm to approximately 10® nm.
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7. The portable illumination device of claim 1, wherein the light sources are
implemented as parts of corresponding optical trains of the portable illumination device,
wherein the optical trains further comprise associated reflectors configured to project the

corresponding light beams to provide the combined light beam.

8. The portable illumination device of claim 7, wherein the combined light beam
exhibits a non-rotationally symmetric intensity distribution as a function of vertical and

horizontal angular coordinates.

9. The portable illumination device of claim 7, wherein the reflectors are
configured to project the corresponding light beams to exhibit maximum intensities at angular

coordinates differing from angular coordinates of an optical axis of the camera.

10.  The portable illumination device of claim 7, wherein the reflectors are
configured to project the corresponding light beams to exhibit maximum intensities at angular

coordinates differing from each other.

11.  The portable illumination device of claim 7, wherein the optical trains
comprise associated exit pupils separated by a distance greater than half a longest dimension
of the mobile device from an entrance pupil of the camera of the mobile device to which the
portable illumination device, wherein the separation is configured to reduce backscattering of
light into a field of view of the camera of the mobile device from airborne particles

illuminated by the light beams.
12.  The portable illumination device of claim 1, further comprising an electrical
connection configured to transfer electrical power, electronic control signals, and/or data in

electronic form between the mobile device and the portable illumination device.

13.  The portable illumination device of claim 1, wherein the captured images are

video images and/or photographic images.

14.  The portable illumination device of claim 1, wherein the mobile device is a

mobile phone.
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15.  The portable illumination device of ¢claim 1, wherein the one or more light

sources are light emitting diodes (LEDs).

16. A method comprising:

providing a portable illumination device comprising a housing and one or more light
sources disposed within the housing;

operating the light sources to provide corresponding light beams having
independently adjustable output flux levels, wherein the light beams at least partially overlap
to provide a combined light beam; and

capturing, by a camera of a mobile device separate from the housing, images of an

external area of interest illuminated by the combined light beam.

17.  The method of claim 16, wherein first and second ones of the light beams
exhibit different corresponding first and second wavelength ranges, wherein the combined
light beam exhibits a color temperature determined by the output flux levels of the first and
second light beams to provide a desired color cast for the images captured by the camera of

the mobile device.

18.  The method of claim 17, wherein the first and second wavelength ranges

comprise partially overlapping visible light wavelength ranges.

19.  The method of claim 17, further comprising receiving, by a control interface
of the portable illumination device, a manipulation by a user to selectively adjust the output

flux levels.

20.  The method of claim 17, further comprising receiving, by a communication
interface of the portable illumination device, a signal from the mobile device to selectively

adjust the output flux levels in response to an operation by a user of the mobile device.

21.  The method of claim 16, wherein first and second ones of the light beams
exhibit different corresponding first and second wavelength ranges corresponding to different
subsets of wavelengths within a spectrum from approximately 10 nm to approximately 10°

nm.
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22.  The method of claim 16, wherein the light sources are implemented as parts of
corresponding optical trains of the portable illumination device, wherein the optical trains
further comprise associated reflectors, the method further comprising projecting the

corresponding light beams from the reflectors to provide the combined light beam.

23.  The method of claim 22, wherein the combined light beam exhibits a non-
rotationally symmetric intensity distribution as a function of vertical and horizontal angular

coordinates.

24.  The method of claim 22, wherein the corresponding light beams projected
from the reflectors exhibit maximum intensities at angular coordinates differing from angular

coordinates of an optical axis of the camera.

25.  The method of claim 22, wherein the corresponding light beams projected
from the reflectors exhibit maximum intensities at angular coordinates differing from each

other,

26.  The method of claim 22, wherein the optical trains comprise associated exit
pupils separated by a distance greater than half a longest dimension of the mobile device
from an entrance pupil of the camera of the mobile device to which the portable illumination
device, wherein the separation is configured to reduce backscattering of light into a field of
view of the camera of the mobile device from airborne particles illuminated by the light

beams.
27.  The method of claim 16, further comprising transferring, through an electrical
connection between the mobile device and the portable illumination device, electrical power,

electronic control signals, and/or data in electronic form.

28.  The method of claim 16, wherein the captured images are video images and/or

photographic images.

29.  The method of claim 16, wherein the mobile device is a mobile phone.
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30.  The method of claim 16, wherein the one or more light sources are light

emitting diodes (LEDs).
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