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Claims 1-9 of ‘729 patent References
(earliest priority date: |

1. An illuminator device Reference 1 - KR200316985Y1 (Kwak Translation)

for illuminating one or The present utility model relates to a PC webcam stand with a
more users in front of a lighting function, including: a fixing component; a connecting
web camera and a pipe, one side end of which is coupled to the fixing component
communication terminal and through an inside of which a USB cable is extended; a
comprising: mounting component, to a bottom surface of which the other

side end of the connecting pipe is coupled, on an upper surface

of which a PC webcam is positioned, and on a rear surface of
which a USB port electrically connected to the PC webcam is
arranged; and a lamp for lighting an object, arranged at a
predetermined position of the mounting component to enable the
PC webcam positioned on the mounting component to clearly |
photograph the object.

According to the present utility model, the lighting function is
provided to light an object, thus enabling the object to be clearly
photographed and transmitted regardless of the brightness of the
surroundings. Besides, in addition to the lighting function, the |
lighting angle may be freely adjusted, thus effectively lighting

the object. Moreover, the PC webcam may be easily arranged

and fixed in a detachable manner by means of a magnetic force,
and is very easy to separate, thus providing a very practical

effect. See Kwak Translation at abstract (emphasis added).

Then, at a position (for example, a display, a computer body, a
desk lamp) suitable for photographing the photographed object,
the stand 100 is fixed by the fixing component 10, and the

flexible pipe 20 is adjusted with reference to the photographed
picture, so that the position of the PC webcam 50 is adjusted

more finely. See Kwak Translation at page 4, lines 26-29

 (emphasis added).



a bulb having a toroidal Reference 1 — Kwas Translation

shape for emitting light; a fixing component; a connecting pipe, one side end of which is
coupled to the fixing component and through an inside of which
a USB cable (C) is extended; a mounting component, to a
bottom surface of which the other side end of the connecting
pipe is coupled, on an upper surface of which a PC webcam is
positioned, and on a rear surface of which a USB port ‘
electrically connected to the PC webcam is arranged; and a lamp
provided at a predetermined position of the mounting component
to light an object so that the object can be clearly photographed
by the PC webcam positioned on the mounting component. See |
Kwak Translation at page 2, line 39 — page 3, line 4 (emphasis
added).

Reference 2 - U.S. Pat. No. 6238060 (Bourn). ‘
In one embodiment, the ring light source includes a ring-shaped
flashtube located substantially along a circle disposed |
perpendicular to and centered on the optical axis, and further
includes an enclosure having a slit located between the ring-
shaped flashtube and the ring reflector, wherein the slit allows
light from the flashtube to fall on a reflecting surface of the ring
reflector. See Bourn at col. 3, line 50-56. (emphasis added).

The present invention takes advantage of the efficiency of high-
brightness red, infra-red, blue, white, or other color LEDs
arranged in one or more circular rows, and the properties

inherent to a reflective focusing element such as a turned angled
reflective ring to produce an illumination source for machine-
vision systems. The illumination source exhibits multi-

directional ring-illumination properties which are useful for

illumination of small components (which are being inspected or



measured) without unwanted shadows. See Bourn at col. 2, line

32-39 (emphasis added).

a reflector having a circular
configuration to conform |
to the toroidal shape of

said bulb for projecting the
emitted light; |

Reference 2 - Bourn

In this embodiment, camera 140 is disposed to view object 160

through an opening in ring-reflector illumination source 200

which directs light downward and inward. In the exemplary

system shown, it is desired to illuminate the top edge, inside

walls and inside bottom surface of object 160 for viewing by

camera 140 with even, high intensity, short-duration

illumination of a fixed intensity. See Bourn at Coi. 6, line 34 -

41

FIG. 2B is a cut-away side view of ring-reflector illumination

source 200 according to one embodiment of the present

invention. In the embodiment shown, ring-reflector illumination

source 200 includes bottom enclosure 210,

replaceable/changeable ring reflector 220 (designed fo fit into a

complementary opening 215 in bottom enclosure 210), ring

illumination source 230 (in this embodiment, this is an LED

light source 230 having a single row of LEDs 231 closely spaced

in a circle that is centered on optical axis 299 of camera 140, the

focal centerlines 298 of each LED directed along a line parallel

to optical axis 299), and top cover 240 that is attached to bottom

enclosure 210, for example by four screws 242 that pass through

spacers 241 used to maintain the desired spacing and placement

of the LED light source 230 within ring-reflector illumination

source 200. See Bourn at (ol &, line7 - 22 {emphasis added}).

The present invention provides a method and apparatus which

- provide an illumination source for illuminating an object in a

- machine-vision system having a machine-vision camera, the

camera having an optical axis. One embodiment of the

illumination source includes a ring-light source emitting light



from a plurality of points, the points being along one or more
circles, a focusing element, the focusing element including an
angled ring reflector to direct rays from the ring light source at

an angle generally towards the optical axis. One embodiment
provides a replaceable ring reflector for changing the light-
source-to-optical-axis and/or changing the spread and/or focus of
the light from ring light source. One embodiment provides light |
from multiple directions in order to reduce shadowing. One
embodiment provides light to illuminate the inside of, for
example, an aluminum beverage can before it is filled and

sealed. See Bourn at Col. 2, Hue 60 - Col 3, line 3.

E :

and an arm disposed Reference 1 — Kwak Translation

between said bulb and the The PC webcam stand 100, as shown in FIG. 2 and FIG. 3,

terminal for connection to includes a fixing component 10, attached to a display 1; a

the terminal, connecting pipe 20, one side end of which is coupled to the
fixing component 10 and through an inside of which a USB
cable (C) is extended; a mounting component 30, to a bottom
surface of which the other side end of the connecting pipe 20 is
coupled, on an upper surface of which a PC webcam 50 is
positioned, and on a rear surface of which a USB port 31
electrically connected to the PC webcam 50 is arranged; and a
lighting device 40 provided at a predetermined position on the
mounting component 30 to light an object so that the object can |
be clearly photographed by the PC webcam 50 positioned on the
mounting component 30. See Kwak Translation at page 3, lines 5

22-29 (emphasis added) and Figures 2-3.

Then, at a position (for example, a display, a computer body, a
desk lamp) suitable for photographing the photographed object,
the stand 100 is fixed by the fixing component 10, and the
flexible pipe 20 is adjusted with reference to the photographed



picture, so that the position of the PC webcam 50 is adjusted
more finely. See Kwak Translation at page 4, lines 26-29 and
Figure 1 (emphasis added).
‘whereinsaid bulbis ~ Reference 1 - Kwak Translation

positionable relative to the One side of the connecting pipe 20 is coupled to the fixing

web camera to provide component 10, a USB cable extends through the inner side

optimal viewing of the user thereof, and the USB cable is electrically connected to the USB

through the web camera. port (not shown) of the computer body. In addition, he
connecting pipe 20 is preferably formed by a flexible pipe, so |
that the lighting angle of the lamp 41 can be easily adjusted. See
Kwak Translation at page 3, lines 37-40. ?
First, the USB cable C of the PC webcam stand 100 is inserted
into the USB port (not shown) of the computer body, and the :
USB cable C’ of the PC webcam 50 is inserted into the USB port
31 in the rear surface of the mounting component 30 of the stand
100. At this time, the PC webcam 50 and the computer body will
be electrically connected according to the USB cables C-C’. At |
this time, the PC webcam 50 is mounted on the upper surface of
the mounting component 30 of the stand 100. As described |
above, the position the of PC webcam is determined according to
the reference wall 33. Since the assembling and disassembling |
can be achieved by magnetism, the PC webcam can be easily
relocated. See Kwak Translation at page 4 at lines 18-25 (the
position of the PC video camera is determined by its position on
the reference wall (33) or depending on where it is installed on
the reference wall, the PC video camera position may change
easily) See Kwas Translation at page 4, lines 18-25 (emphasis

added).

Reference 3 - U.S. Pat. Pub. 2005/0151042 (Watson)



A camera mount supports a web camera thereon. The mount
includes a bracket for supporting a light source thereon and a
platform supported on the bracket for receiving the base of the
web camera thereon. The light source may be operable in either
flash or steady-on modes to provide optimum lighting for the
web camera. The platform ensures various designs of web
cameras and web camera bases can be accommodated and
supported thereon. The bracket also readily permits the camera
mount to be supported on an upright supporting surface to
remove the clutter of cords from the workspace on a desk

supporting a computer thereon. See Watson at abstract.

The camera is preferably adjustable in position relative to the
bracket, so as to be pivotal about two axes, oriented transversely
to one another, relative to the bracket. Additional, there may be
provided a telescoping arm supporting the platform on the
bracket for adjusting a relative spacing therebetween. See

Watson at 0017 (emphasis added).

the light source is adjustable in position relative to the camera.
See Watson claim 12.

In some embodiments the platform 14 may be provided by itself
with the support bracket simply for supporting the camera

thereon out of the way of the user. It is desirable however to
provide a combination of a support for lights and for a web
camera to ensure adequate lighting when using the video mode

of the web camera. See Watson at paragraph 0044.

2. The illuminator device Reference 1 — Kwak Translation

of claim 1, wherein said The bottom surface of the mounting component 30 is coupled to
reflector is positioned the other side end of the connecting pipe 20. Therefore, a
proximate said bulb to fastening pipe 32 is provided on the bottom surface of the



project light towards a face mounting component 30, so that the other side end of the

of said user or said users.

connecting pipe 20 can be inserted. The connecting pipe 20 is
fixed by a usual fastening device or adhesive material in a state
of being inserted into the fastening pipe 32. In addition, a
specified space portion is formed on the front inner side of the
mounting component 30, so that the lamp 41 can be easily
arranged, and moreover, a reflecting cover 42 is arranged
behind the lamp 41, and a convex lens 43 is provided in front of
the lamp 41. In addition, a reference wall 33 is formed in a
protruding manner on one side of an upper surface of the
mounting component 30 for positioning the PC webcam 50, and
a magnet or a metal plate 34 is provided on the upper surface
thereof to easily fix the PC webcam 50 according to a magnetic
force. That is, when the magnet is attached to the bottom surface
of the camera 50, the metal plate is provided on the upper |
surface of the mounting component 30, and when a shell of the
camera 50 is of a metal material or is attached to the metal plate,
the magnet is attached to the upper surface of the mounting
component 30. In addition, a USB port 31 is provided on a rear
surface of the mounting component 30, so that the USB cable C
extending through the connecting pipe 20 is easily connected to
the PC webcam 50.

The lamp 41 is configured to light the photographed object
photographed by the PC webcam 50 and receives a power
supply through an electric wire of the USB cable C. Namely, an
electric wire of about 5V of the USB cable C is electrically
connected in a state that the electric wire is branched to the sides
of the lamp 41 and the PC webcam 50. In addition, the lamp 41 ‘
is connected to a dimmer 44 between the lamp 41 and the
electric wire of the USB cable C, so that the brightness thereof

may be adjustable. To facilitate operation, a handle portion of the



3. The illuminator device
of claim 1, wherein said
reflector is lined with a

reflective material or film.

dimmer 44 protrudes from the bottom portion of the mounting
component 30. See Kwak Translation at page 3, line 41 — page 4,

line 15 (emphasis added)

Reference 2 - Bourn

The present invention provides a method and apparatus which
provide an illumination source for illuminating an object in a
machine-vision system having a machine-vision camera, the
camera having an optical axis. One embodiment of the
illumination source includes a ring-light source emitting light
from a plurality of points, the points being along one or more
circles, a focusing element, the focusing element including an
angled ring reflector to direct rays from the ring light source at
an angle generally fowards the optical axis. One embodiment
provides a replaceable ring reflector for changing the light- ‘
source-to-optical-axis and/or changing the spread and/or focus of
the light from ring light source. One embodiment provides light |
from multiple directions in order to reduce shadowing. One
embodiment provides light to illuminate the inside. See Bourn at
Col. 2, line 60 - Col. 3, line 8 (emphasis added). |
Reference 2 -Boun
The present invention provides a method and apparams which
provide an tlumination source for Hluminanng an objectin a
machine-vision aystem having a machine-vision camera, the
camera baving an optical axis. One enthodiment of the
iHumination source includes a nog-light source emitting light
from a plurality of points, the points being along one or more
circles, a focusing element, fhe focusing element incliding an
angled ring reflecror 1o divect vays from the ving light sowrce ot
ait augle genvrally fowards the optical axis. Une eraboditoent

- provides a replaceable ring reflector for changing the light-



source-to-optical-axis and/or changing the spread and/or focus of
the hght from ring light source. Oue ewbodiment provides hight |
from nufiiple directions in order to reduce shadowing. {dne
embodiment provides ight to humunate the mside of, for
example, an aluminum beverage can before it is filled and

- sealed. Ree Bourn at Col. 2, line 60 - Col 3, Hne 3 (emphasis

added}.
T Reference1—KwakTrans1at1on AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
of claim 1, wherein said One side of the connecting pipe 20 15 coupled to the fixing
arm 1s a flexible arm that component 10, a USE cable extends through the inner side
permits said bulb to be thereof, and the USB cable is electrically connected to the USB
positioned relative to the port (not shown) of the computer body . o addition, #he
web camera. conmeciing pipe 20 is preferably formed by a flexibie pipe, so

L that the lighting angle of the lomp 41 can be easily audjusied See

Eowak Transiation at page 3, lines 37-40. {emphasis added)

5. The illuminator device Reference 3 - Watson

of claim 1, wherein said While various embodiments of the camera are illustrated in the
arm 1is connected to the accompanying figures, the common elements will first be
terminal by a clamp. described herein. The camera mount 10 includes a platform 14

for supporting the camera thereon. The camera includes a broad
flat supporting surface which readily accepts the base of various
types of commercially available web cameras 12 to be supported
thereon. A support bracket 16 is provided which can be mounted
on a suitable supporting surface such as a wall and the like or |
may be adapted for attachment to a laptop screen in some
embodiments. A support arm 18 couples the platform to the
support bracket for supporting the camera 12 on the supporting
surface to which the bracket is attached. A light mount 20 is
provided on the bracket 16 for supporting a light source 22
thereon. See Watson at paragraph 0029.



Turning now to the embodiment of FIG. 3, the bracket 16 is
adapted to include inverted U-shaped clips 60 which can be
secured overtop of the top edge of a lap fop display
monitor 62 in a snap fit engagement therewith. The remaining
features of the bracket including the adjustable support
arm 18 and light sources 22 remain identical to the previous
embodiment. See Watson at paragraph 0035 (emphasis added)
6The111um1natordev1ceReference1—KwakTrans1at1on AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
of claim 5, wherein the In the above technical structure, although the fixing component
clamp is movable along an 10 is shown attached to the display 1, the fixing component can
edge of the terminal to be attached to any position where the photographed object can
adjust the location of said be photographed during the video chat. Therefore, an adhesive
bulb. surface (for example, a double adhesive tape: 11) is arranged on
the bottom surface of the fixing component 10. See Kwak
Translation at page 3, lines 30-33.
7The111um1natordev1ceReference1—KwakTrans1at1on AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
of claim 1, wherein the arm In the above technical structure, although the fixing component
has a base that supports the 10 1s shown attached to the display 1, the fixing component can
illuminator device on a flat be attached to any position where the photographed object can
surface adjacent to the be photographed during the video chat. Therefore, an adhesive
terminal. surface (for example, a double adhesive tape: 11) is arranged on
the bottom surface of the fixing component 10. See Kwak
Translation at page 3, lines 30-33.

8. The illuminator device : Reference 2 - Bourn

of claim 1, wherein said In one embodiment, ring reflector 221 is jabricaied by turning
reflector has a piece of on i dathe o blank of aluminum, stainiess steel, plasiic, glass or
fabric thereon disposed other suitible material fo generate a civeulorly symmeiric

between said bulb and a reflective foce (o g, comeal-section face 2211} (.o, the surface

user's face for diffusing the @ of the cross section shown is a straight line at an angle of 52

light emitted from said - degrees from the plane of exit opening, 1.¢., 38 degrees from the
bulb. L optical axis 299, which i3 then polished and/or chrome plated to

10



enhance 18 reflectivity at a wavelength of ring-light source 230.
In another embodiment, ring reflector 227 ia cast, ez, by
injection molding, frony a suitable plastic, and then coated by
well known methods with a reflective coating of chrome, gold or
other metal, alloy, or multiple optical coating lavers to enhanse
its reflectivity at one or more selected wavelengths of ring-light
source 238 ¢ These manufacturing methods can apply o any of
the rning reflectors described below ) See Bourn at Col. 11, hine

16-31 {emphasis added).

The present invention provides a method and system for
generating rays of light with suitable brightness and evenness
from a source surrounding, for example, the lens of a machine-
vision camera The rays are directed generally towards the optical
axis of the camera. One embodiment provides a diffuse source |
circumferentially such that even extremely small objects can be
adequately inspected and accurately measured by a machine-
vision system 100. See Bourn at Col. § hine 64—~ col. 6, line 4

{emphasts added}.

Reference 4 - 11.8. Pub. No. 2006/0007666 ("Cook™)

The light moditier 16 has a collapable bousing 13 that defines
a sidewall 17. The sidewall 17 is usually formed of

four separate panels 1%, 21, 23 and 25 respectively that are
joined together to form the sidewsll 17 of the collapsibie
housing 33, The pancls of the sidewall 17 are generally
traperoidal in shape and are wade of a fabric material. The fabric
pancis 1%, 21, 23, and 25 are assembled fo form

the eidewall 17 of the housing 30 that the housing 13 defines
a first end 29 and a second end 31

The panels 19, 21, 23 and 25 are usually formed of a fabric

11



material having an outer laver 37 and an inner layer 41,
The outer layer 37 of fabric is typically black and is opague to
light that is contained within the bousing 13. The inner layer of
fabric s typically refloctive 1o nature and the inner layer 41 of
fabric forms the interior of the collapsible housing 13 A loop
or passageway 43 13 formed in the inner layer 41 of fabric slong
at least 8 portion of the edges where
the panels 1%, 21, 23 and 25 are joined together to form
the sidewalt 17 Normally the passageways 45 are created by
sewing in an additional layer of fabric that forms the inner
layer 41 to oreate the passageway. However, other raethods can
be utilized to form the passageways in the interior of
the collapsible housing 13, See Cook at paragraph 0413,

‘9 Theilluminator device  Reference 4—Cook

of claim 8, wherein said the baffle is white nylon fabric that diffuses the light from a light

fabric is silk or muslin. source. See Cook Claim 7.

at least one layer of netting is made of a fabric selected from the

group of nylon, polyester or cotton. See Cook Claim 11.

12
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57) ABSTRACT

An illumination method and apparatus for machine-vision
systems, including a ring-light source (e.g., LEDs arranged
in one or more circular rows), and a reflective-ring focusing
element. The illumination source exhibits multidirectional
ring-illumination properties which are useful for illumina-
tion of small components (which are being inspected or
measured) without unwanted shadows. One embodiment
provides a dark field illumination system. One embodiment
of the present invention uses a strobed (or pulsed) power
supply to drive the LEDs. Yet another embodiment of the
present invention uses a xenon strobe ring-light source and
a backplane slit in place of the row of LEDs. In one such
xenon strobe embodiment, a color filter is also placed in
series with the light path in order to obtain a monochromatic
light. While xenon flashtube light sources tend to exhibit a
five per cent (5%) flash-to-flash variation in intensity which
makes accurate measurements of certain characteristics
difficult, they are useful in certain cases where intense white,
or especially ultraviolet, light is desired. Strobed LEDs
provide very little flash-to-flash variation in intensity. The
compact ring-light generator has little, if any, shadowing.
The present invention also provides an inexpensive appara-
tus and method for changing the light-source-to-optical-axis
angle.

22 Claims, 22 Drawing Sheets
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MACHINE-VISION RING-REFLECTOR
ILLUMINATION SYSTEM AND METHOD

This application is a divisional of U.S. patent application
Ser. No. 08/914,441, filed Aug. 19, 1997, now U.S. Pat. No.
6,022,124 which application is incorporated by reference.

TECHNICAL FIELD OF THE INVENTION

The present invention pertains generally to illumination
optics, and more particularly systems and methods for
illumination of objects in machine-vision systems.

BACKGROUND OF THE INVENTION

During the manufacture of certain products, such as
electrical components, it is necessary to be able to provide
high-intensity illumination so that components can be thor-
oughly inspected with a machine-vision system. Often, the
light source needed includes one or more light sources, for
example a ring-shaped flashtube or a number of light-
emitting diodes arranged along a circle or a remote light
source that drives light into a number of optical fibers
arranged along a circle, surrounding the lens of a video
camera such that the object being imaged by the video
camera is lluminated with light angled in towards the
optical axis of the camera from the light source surrounding
the lens. It is desirable that the light source or sources are
arranged such that no light shines directly from the light
sources into the lens.

Typically, a xenon flashtube or laser-based single-point
source or other high-intensity light source is used for pro-
viding light into fiber-optic-based ring source. Such systems,
however, are costly, very large and bulky, and can interfere
with the placement of other components in the machine-
vision system. This is particularly troublesome when the
components being measured or inspected are extremely
small. Xenon flashtube light sources also tend to exhibit up
to about a five per cent (5%) flash-to-flash variation in
intensity which makes accurate measurements of certain
characteristics difficult. Single-point source systems are also
generally limited to emitting light radially from only one
single point, which is of limited value when shadows are
problematic, such as, when inspecting a grid of electrical
connectors. Specifically, light from only one or just a few
point sources only illuminates the first over-sized or over-
height clectrical connector and, duc to shadows from the first
object encountered, does not provide proper illumination
which would determine if other objects behind this particu-
lar first object are missing, of the incorrect size or height, or
perhaps in the wrong position.

Conventional illumination systems produce a light which
can be too bright in certain areas and too dim in other arcas.
Often, the end-result is “bloom”, especially when viewing
white, lightly colored, or very reflective objects which are
near other objects which need to be viewed by a machine-
vision camera. In order to get enough light on the other
objects which need to be viewed, the aperture on the camera
cannot be “stopped down” in order to prevent overexposurc
of the bright objects. Specifically, the area is illuminated to
such an extent that the entire image appears to be the same
bright saturated white color (or, if a monochromatic light
source is used, saturated at whatever color is used) as viewed
by the machine-vision camera and system. Such extreme
brightness also poses a danger of blinding, at least
temporarily, human workers nearby.

Quite often, illumination sources either leave certain
portions of the scene in shadows, or provide too much light
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in certain areas, while leaving other areas with too little
light. In other cases, the illumination source is too bulky and
gets in the way of other components of the machine-vision
system, associated robots, manipulators, and/or human
workers.

The optimal light-source-to-optical-axis angle can vary
depending on the object being inspected. One shortcoming
of conventional ring light sources is the cost and difficulty in
changing the angle between the light sources relative to the
optical axis, and in changing the spread and/or focus of the
light from ring-light source.

Thus, what is needed is an ring-light illumination system
and method which is compact, provides control over both
the angle between the light source and the optical axis of the
camera, as well as the spread and/or focus of the light from
ring light source, so that even extremely small parts can be
quickly and adequately inspected and accurately viewed or
measured with a machine-vision system. Another need is to
provide a compact illumination source, preferably
monochromatic, which can be focused to provide uniform
multi-dircctional light onto objects from all sides while
avoiding light going directly from the light sources to the
lens of the camera. Another need is to provide a compact
monochromatic LED (light-emitting diode) illumination
source, which can be changeably focused to provide uniform
multi-directional light onto objects. Another need is to have
such an LED illumination source be pulsed with a relatively
high-power, low duty-cycle power source.

SUMMARY OF THE INVENTION

The present invention takes advantage of the efficiency of
high-brightness red, infra-red, blue, white, or other color
LEDs arranged in one or more circular rows, and the
properties inherent to a reflective focusing element such as
a turned angled reflective ring to produce an illumination
source for machine-vision systems. The illumination source
exhibits multi-directional ring-illumination properties which
are useful for illumination of small components (which are
being inspected or measured) without unwanted shadows.
One embodiment provides a darkfield illumination system.
One embodiment of the present invention uses a strobed (or
pulsed) power supply to drive the LLEDs. Yet another
embodiment of the present invention uses a Xenon strobe
ring-light source and a backplane slit in place of the row of
LEDs. In onc such xcnon strobe cmbodiment, a color filter
is also placed in series with the light path in order to obtain
a monochromatic light. While xenon flashtube light sources
tend to exhibit a five per cent (5%) flash-to-flash variation in
intensity which makes accurate measurements of certain
characteristics difficult, they are useful in certain cases
where intense white, or especially ultraviolet, light is
desired.

The present invention provides a compact ring-light gen-
crator which has little, if any, shadowing. The present
invention also provides an inexpensive method for changing
the light-source-to-optical-axis angle. The present invention
also provides an incxpensive mcthod for changing the
spread and/or focus of the light from ring light source.

The present invention provides a method and apparatus
which provide an illumination source for illuminating an
object in a machine-vision system having a machine-vision
camera, the camera having an optical axis. One embodiment
of the illumination source includes a ring-light source emit-
ting light from a plurality of points, the points being along
one or more circles, a focusing element, the focusing ele-
ment including an angled ring reflector to direct rays from
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the ring light source at an angle generally towards the optical
axis. One embodiment provides a replaceable ring retflector
for changing the light-source-to-optical-axis and/or chang-
ing the spread and/or focus of the light from ring light
source. One embodiment provides light from multiple direc-
tions in order to reduce shadowing. One embodiment pro-
vides light to illuminate the inside of, for cxample, an
aluminum beverage can before it is filled and sealed.

One embodiment uses a ring-reflector focusing element
which includes a [irst conical section rellective surlace al a
first conical angle to the optical axis. Another embodiment
further includes a second conical section reflective surface at
a second conical angle to the optical axis.

One embodiment includes an illumination source for
illuminating an object in a machine-vision system, the
system having an optical axis. The illumination source
includes a ring light source and a ring reflector. The ring
light source emits light from a plurality of points or from a
line, the points or line being substantially in a plane that
intersects the optical axis, each of the points or the line
disposed at least a first distance from the optical axis and less
than a second distance [rom the optical axis. The ring
reflector has an exit opening though which the optical axis
passes, the emitted light from the ring light source being
generally directed centered on lines that intersect a reflecting
surface of the ring reflector, the ring retlector reflecting the
emitted light from the light source though the exit opening
inwards and generally towards the optical axis or an area
around the optical axis.

In one such embodiment, the ring light source includes a
plurality of light-emitting diodes (LEDs) arranged substan-
tially along a circle disposed perpendicular to and centered
on the optical axis. In another such embodiment, each LED
has an focal centerline emission axis along which emission
is centered, and each LED’s emission axis is parallel to the
optical axis. In yet another such embodiment, each LED has
an focal centerline emission axis along which emission is
centered, and each LED’s emission axis is perpendicular to
the optical axis.

In one embodiment, the light emitied from the LEDs is
two or more selected from the following: infra-red, red,
amber, yellow, green, blue, violet, ultraviolet, or white in
color. In another such embodiment, the light emitted from
the LEDs is primarily within an angle of about 5° from a
focal centerline of each individual LED.

One embodiment further includes a focusing element that
includes a cylindrical ring lens having at least one convex
face.

In one embodiment, the ring light source includes a
ring-shaped flashtube located substantially along a circle
disposed perpendicular to and centered on the optical axis,
and further includes an enclosure having a slit located
between the ring-shaped flashtube and the ring reflector,
wherein the slit allows light from the flashtube to fall on a
reflecting surface of the ring reflector.

In one embodiment, the ring reflector has a surface that
enhances its reflectivity at one or more selected wavelengths
of the ring light source.

In one embodiment, the ring reflector and ring light source
are configured to produce a darkfield illumination.

Another aspect of the present invention is a method for
illuminating an object located along an optical axis. The
method includes the steps of (a) emitting light from a
plurality of points or from a line, the points or line being
substantially in a plane that intersects the optical axis, each
of the points or the line disposed at least a first distance from
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the optical axis and less than a second distance from the
optical axis; and (b) reflecting the emitted light from the
light source inwards and generally towards the object at the
optical axis or in an area around the optical axis.

In one such embodiment, the object is an electrical
connector, and the method further includes the step of
acquiring a machine-vision image of the electrical connec-
tor. One application for such a method is inspecting ball-grid
arrays.

Another aspect of the present invention provides a
machine-vision illumination system. The system includes an
imaging device, an image processor coupled to the imaging
device, and an illumination source coupled to the image
processor. The illumination source includes a ring light
source and a ring reflector. Other aspects of such a system
are described above.

Another aspect of the present invention provides a ring
reflector for use in reflecting light from a ring light source
The ring reflector includes a substantially circular exit
opening though which the optical axis passes and a reflective
surface surrounding the exit opening. The reflective surface
extends from approximately a first circle having a first
radius, to approximately a second circle and having a second
radius, the second radius being larger than the first radius,
the first radius being larger than the difference between the
second radius and the first radius.

In one such embodiment, the reflective surface includes a
conical section. In another such embodiment, the reflective
surface includes a plurality of adjoining conical sections. In
yet another such embodiment, the reflective surface includes
a circularly-rotated parabolic section. In still another such
embodiment, the reflective surface includes a plurality of
reflective facets. In one such embodiment, for a plurality of
the facets, a line normal to the facet surface passes through
the optical axis. Another aspect of the present invention
provides a reflective surface that is configurable to change
the angle at which it reflects light.

These and other features, aspects, and advantages of the
present invention will become better understood with regard
to the following description, appended claims and accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a side-view schematic diagram of one embodi-
ment of machine-vision illumination system 100.

FIG. 1B is a circuit schematic diagram of a portion of one
embodiment of machine-vision illumination system 100.

FIG. 2A is an exploded isometric view of ring-reflector
illumination source 200 according to one embodiment of the
present invention.

FIG. 2B is a cut-away side view of ring-reflector illumi-
nation source 200 according to one embodiment of the
present invention.

FIG. 2C is a cut-away side view of one ring-light source
230 using LEDs according to one embodiment of the present
invention.

FIG. 2D is a cut-away side view of another ring-light
source 230 using LEDs according to one embodiment of the
present invention.

FIG. 2E is a cut-away side view of yet another ring-light
source 230 using 1.EDs according to one embodiment of the
present invention.

FIG. 2F is a cut-away side view of ring-light source 236
using a xenon flashtube according to one embodiment of the
present invention.
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FIG. 2G is an exploded isometric view of a flash-tube
light source 2361 according to one embodiment of the
present invention.

FIG. 2H is an exploded isometric view of a flash-tube
light source 2362 according to one embodiment of the
present invention.

FIG. 21 is a cut-away side view of two stacked ring-
reflector illumination sources 200A and 200B according to
one embodiment of the present invention.

FIG. 2] is a cut-away side view of an alternative ring-
reflector illumination source 200 according to one embodi-
ment of the present invention.

FIG. 3A is a cut-away side view of one ring reflector 220
according to one embodiment of the present invention.

FIG. 3B is a cut-away side view of another ring reflector
220 according to one embodiment of the present invention.

FIG. 3C is a cut-away side view of yet another ring
reflector 220 according to one embodiment of the present
invention.

FIG. 3D is a cut-away sidc vicw of still another ring
reflector 220 according to one embodiment of the present
invention.

FIG. 3E is a cut-away side view of a facetted ring reflector
226 according to one embodiment of the present invention.

FIG. 3F is a cut-away side view of a configurable ring
reflector 227 according to one embodiment of the present
invention.

FIG. 3G is an enlarged cut-away side view of a config-
urable ring reflector 2273 having overlapped facets 2271
each pointing towards the optical axis 299.

FIG. 3H is an enlarged cut-away side view of a config-
urable ring reflector 2283 having overlapped facets 2281
each pointing off to the side of the optical axis 299.

FIG. 3I is an enlarged cut-away side view of a config-
urable ring reflector 2283 having a stretchable reflective
membrane 2281.

FIG. 4A is a cut-away side schematic of the ring reflector
220 of FIG. 3A showing the light pattern generated.

FIG. 4B is a cut-away-side schematic of the ring reflector
220 of FIG. 3B showing the light pattern generated.

FIG. 5Ais an enlarged cut-away side schematic of the ring
reflector 220 of FIG. 3A.

FIG. 5B is an enlarged cut-away side schematic of the ring
rcflector 220 of FIG. 3B.

FIG. 6 is a schematic diagram of the LED drive electron-
ics for one exemplary system 100.

FIG. 7 is a schematic diagram of one exemplary power
supply 20.

DETAILED DESCRIPTION OF THE
INVENTION

In the following detailed description of the preferred
embodiments, reference is made to the accompanying draw-
ings which form a part hereof, and in which arc shown, by
way of illustration, specific embodiments in which the
invention may be practiced. It is to be understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the present
invention.

The present invention provides a method and system for
generating rays of light with suitable brightness and even-
ness from a source surrounding, for example, the lens of a
machine-vision camera The rays are directed generally
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towards the optical axis of the camera. One embodiment
provides a diffuse source circumferentially such that even
extremely small objects can be adequately inspected and
accurately measured by a machine-vision system 100.

The unique ability of the method and apparatus of the
LED illumination system of the present invention to provide
an inexpensive and changeable light source within these
constraints distinguishes this system from other illumination
systems purporting to provide suitable high-intensity illu-
mination for machine-vision inspecting or measuring pur-
poses.

An illumination system is described in MACHINE-
VISION ILLUMINATION SYSTEM AND METHOD, U .S.
patent application Ser. No. 08/532,213, filed Oct. 12, 1995,
by Gary A. Lebens and assigned to PPT Vision, Inc., the
assignee of the present invention, and which is hereby
incorporated by reference.

A serial machine-vision interconnection system is
described in HIGH-SPEED DIGITAL VIDEO SERIAL
LINK, U.S. patent application Ser. No. 08/825,774, filed
Apr. 2, 1997, which is a file-wrapper continuation of Ser.
No. 08/410,119, filed Mar. 24, 1995 by Joseph C. Chris-
tianson and Larry G. Paulson and assigned to PPT Vision,
Inc., the assignee of the present invention, and which is
hereby incorporated by reference.

FIG. 1A is a side-view schematic diagram of an embodi-
ment of machine-vision illumination system 100 according
to the present invention. In FIG. 1, an object 160 (for
example, a beverage can or other food or drink container, or
an electronics assembly or other manufactured item) is
illuminated for inspection by a machine-vision camera (or
other imaging deviee) 140 which is coupled to computer/
image processor 150. In this embodiment, camera 140 is
disposed to view object 160 through an opening in ring-
reflector illumination source 200 which directs light down-
ward and inward. In the exemplary system shown, it is
desired to illuminate the top edge, inside walls and inside
bottom surface of object 160 for viewing by camera 140
with even, high intensity, short-duration illumination of a
fixed intensity. In one embodiment camera 140 is a video
camera, such as a Panasonic model GPMF702, having a
telecentric lens, such as an Invaritar-brand lens made by
Melles-Griot. In one such embodiment, the telecentric lens,
which has uniform magnification across the field of view, of
camera 140 is made larger in diameter than the diameter of
object 160 being viewed (e.g., one embodiment uses a
6-inch diameter lens for 3-inch diameter objects) in order to
reduce lens distortion, such as pin-cushioning and barrel
distortion. Camera 140 is coupled to image processor 150
with suitable cables, for example, a digital-serial link such as
described in patent application Ser. No. 08/825,774 cited
above, or other suitable electrical or fiber-optical signal
cables. In one embodiment, camera 140 is positioned above
and facing objccts 160 moving by action of convcyor
mechanism 170 across the camera field of view, so that
camera 140 can obtain and send a captured image of object
160 to image-processing computer 150. In one embodiment,
computer 150 analyzes the captured image and activates
selection mechanism 175 to accept or reject each successive
object (e.g., diverting rejected items into a reject bin) based
on predetermined criteria, all using methods and apparatus
well known to those skilled in the art of machine vision.

Camera 140 is implemented as any one of a number of
device technologies including vidicon, CCD (charge-
coupled device) line- or array-imaging devices, metal-oxide
semiconductor (MOS) video cameras, and so forth. In one
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embodiment, camera 140 is a solid-state MOS camera
having a peak wavelength sensitivity of about 550 nanom-
eters (nm), and range of approximately 500 to 600 nm at
about 97% of peak. In one embodiment, the aperture on the
lens of camera 140 is suitably small in order that a relatively
large depth-of-field is obtained. The type and size of lens is
chosen to match the field-of-view to the size/depth of object
160.

In one embodiment, shown in FIG. 1B (FIG. 1B is a
circuit schematic diagram of a portion of one embodiment of
machine-vision illumination system 100), each ring-
reflector illumination source 200 is connected to a capacitor
box 19, which is connected to a power supply 20, which is
connected to image processor 150. The charge on capacitor
box 19 is discharged through LEDs 231 in ring-rellector
illumination source 200 when computer 150 drives a pulse
on signal cable 202 to amplifier 201 which in turn drives
power MOSFET (metal-oxide-semiconductor field-effect
transistor) 211 to substantially short to ground. In one
embodiment, a short-duration pulse (approximately 10
microseconds to 100 microseconds long) to provide a short,
intense pulse of light. Further details of power supply 20 and
capacitor box 19 are found on Ser. No. 08/532,213 cited
above. In one such embodiment, a photodetector 21 is used
to detect the light output and provides feedback to computer
150 which is used to control the duration or frequency of the
light pulses.

In the embodiment shown in FIG. 1, ring-reflector illu-
mination source 200 is enclosed to light except for the lens
opening 245 through back plate 240 and opening 225 in ring
reflector 220.

FIG. 2A is an exploded isometric view of ring-reflector
illumination source 200 according to one embodiment of the
present invention. Ring-reflector illumination source 200
includes bottom enclosure 210, replaceable/changeable ring
reflector 220, ring illumination source 230 (in this
embodiment, this is an LED light source 230 having a single
row of LEDs arranged in a circle that is centered on optical
axis 299 of camera 140, the focal centerlines 298 of cach
LED is directed along a line parallel to optical axis 299), and
top cover 240 that is attached to bottom enclosure 210, for
cxample by four screws 242. In the cmbodiment shown,
bottom enclosure 210 has an opening 215 having a lip or
collar into which reflector ring 220 fits.

It is contemplated that a user will have more than one
reflector ring 220, each having a diftferent reflective angle or
reflective configuration/focus, so that the ring reflector 220
in ring reflector illumination source 200 may be changed
according to the needs of the object being inspected, the
particular camera or lens being used, etc., without replacing
other parts in ring-reflector illumination source 200.
Alternatively, a configurable ring reflector 2205 can be used
in place of multiple replaceable/changeable ring reflectors
220, thus allowing the user to change the reflective angle or
reflective configuration/focus by changing the configuration
of reflector 2205 (explained further below). It is further
contemplated that a user may have more than one ring-light
source 230, each having a different configuration of LEDs,
dispersion angle, color or wavelength configuration, inten-
sity or pulse response, so that the ring-light source 230 in
ring-reflector illumination source 200 may be changed
according to the needs of the object being inspected, the
camera being used, etc., without replacing other parts in
ring-reflector illumination source 200. FIG. 2A shows one
configuration that makes possible the exchange of ring
reflector 220 and/or ring-light source 230, however other
configurations are contemplated that make changing of the

10

15

20

30

35

40

45

50

55

60

65

8

ring reflector 220 and/or ring-light source 230 easier and
faster, such as by threading with matching complementary
threads the outer circumference of ring-light source 230 and
the inner circumference of opening 215, such that ring
reflector 220 can be exchanged without otherwise disassem-
bling ring-reflector illumination source 200.

FIG. 2B is a cut-away side view of ring-reflector illumi-
nation source 200 according to onc cmbodiment of the
present invention. In the embodiment shown, ring-reflector
illumination source 200 includes bottom enclosure 210,
replaceable/changeable ring reflector 220 (designed to fit
into a complementary opening 215 in bottom enclosure
210), ring illumination source 230 (in this embodiment, this
is an LED light source 230 having a single row of LEDs 231
closely spaced in a circle that is centered on optical axis 299
of camera 140, the focal centerlines 298 of each LED
directed along a line parallel to optical axis 299), and top
cover 240 that is attached to bottom enclosure 210, for
example by four screws 242 that pass through spacers 241
used to maintain the desired spacing and placement of the
LED light source 230 within ring-reflector illumination
source 200. In one embodiment (see FIG. 2C), LED light
source 230 includes a printed circuit board 2300 onto which
are soldered (or otherwise mechanically and electrically
connected) a plurality of individual LEDs 231 (e.g., in one
embodiment, high-brightness red T.EDs 1200 millicandles
(mcd) at a peak wavelength of approximately 621 nm., for
example, HLMA-KHOO-type T1-sized lights having a half-
angle of approximately 22.5° available from Hewlett-
Packard; In another embodiment, a Toshiba part number
TLRH160 emitting red light (644 nm at 1800 typical mcd)
with a 5-degree half angle is used), spaced as closely as
possible in a single row, the row centered on a circle that is
perpendicular to and has a center on the optical axis 299. (In
other embodiments, other LEDs having different colors/
wavelengths, half-angles, intensity, or power capabilities are
used. In one such embodiment, LED light source 230 is
configures to be replaced/changed in order to let the user
choose a suitable combination of colors/wavelengths, half-
angles, intensity, or power capabilities for a particular
application.)

In the following discussion, ring reflector 220 refers
generally to any ring reflector (e.g., ring reflector 221 of
FIG. 3A, ring reflector 222 of FIG. 3B, ring reflector 223 of
FIG. 3C, or ring reflector 224 of FIG. 3D, or other similar
ring reflector). Similarly, ring light source 230 refers gen-
erally to any ring light source (e.g., ring light source 230.0
of FIG. 2C, ring light source 230.1 of FIG. 2D, ring light
source 230.2 of FIG. 2E, ring light source 236 of FIG. 2F,
or other similar ring light source).

In the embodiments shown in FIGS. 2A-2F, printed
circuit board (PCB) 2300 has a circular opening 235 also
having a center on the optical axis 299. Signal wire 202
passes through insulating strain relief 2021 which is
mounted to bottom enclosure 210. Signal wire 202 is sol-
dered to PCB 2300, which then distributes the electrical
power from signal wire 202 to each of the LEDs 231.

FIG. 2C is a cut-away side view of one ring-light source
230 using a single circular row of LEDs 231 according to
one embodiment of the present invention. In one
embodiment, all LEDs 231 are of the same color and type In
another such embodiment, a mix of LED colors are used in
order to get a polychromatic light. In yet another such
embodiment, white phosphor/LED devices, such as a blue
LED having a broad-spectrum phosphor that absorbs the
blue light and re-emits a broad-spectrum centered at yellow
to achieve a compact, very-long-life, efficient white light
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source (e.g., white LEDs such as manufactured by Nichia
Chemical Industries, Ltd. of Japan; for example Part No.
NLPB 510; see internet address http://
www1la.meshnet.orjp/nichia/wled-e.htm) are used in order
to get a polychromatic, white-appearing light. In one
embodiment, a pulsed electrical drive current is used
(described in further detail below) in order to increase light
efficiency (particularly during the time that the camera 140
is and/or to strobe the light pulse thereby reducing any
blurring due to motion of the object being observed. In
another embodiment, a direct-current (DC) electrical drive is
used.

In the embodiments shown in FIGS. 2C-2E, each indi-
vidual LED 231 and 232 has a built in focussing
arrangement, typically including a cone-shaped rellector
holding an LED chip, and a convex plastic lens package, that
together direct and “focus” the light emitted from the LED
chip in a direction centered about a focal centerlines 298
along an axis of the package. Such LED packages can be
purchased at a number of dispersion angles (generally
specified as the “half-angle” for the LED package), and at a
variety of intensity capabilities (generally specified as mil-
licandles (med) or milliwatts (mw) of light output).
Conventionally, this arrangement has required that the axis
of each LED package be pointed in the direction that light
is wanted, i.e., at one or another angle pointed obliquely
towards the optical axis of camera 140. It has been expen-
sive to fabricate such a ring of LEDs, each pointed obliquely
towards the optical axis of camera 140. Further, it is cum-
bersome and expensive to change the angle at which the
LEDs point towards the optical axis (i.e., to move the angle
of all of the LEDs, or to replace the ring with another having
the desired angle.

The present invention provides an inexpensive and
elegant solution to these problems. By providing an [.LED
ring-light source having all the LEDs with the axes of their
packages (i.e., the LED’s individual focal centerlines 298)
aligned parallel to the optical axis 299 (i.e., perpendicular to
PCB 238), the cost of manufacture is minimized. In order to
direct the light obliquely towards the optical axis 299, one
or more inexpensive and easily changeable reflective rings
220 are provided. In order to change the intensity of light
provided, a variable pulse-width and/or variable pulse-
frequency LED power supply is provided.

FIG. 2D is a cut-away side view of another ring-light
source 230 using a circular double row of LEDs 231 and 232
according to another embodiment of the present invention.
In this embodiment, PCB 2301 is configured to mechani-
cally and electrically connect to two rows of LEDs (outer
circular row 231 and inner circular row 232). In one such
embodiment, a two-angle reflector (e.g., 222 or 224 of FIG.
3B or FIG. 3D) is used, and the outer row 231 of LEDs is
reflected at a shallow angle (e.g., by a face 2222 that is at an
angle of approximately 53 degrees from the plane of exit
opening 225) in order to achieve a deep area of illumination
(i.e., further from exit opening 225), and the inner row 232
of LEDs is reflected at a less-shallow angle (e.g., by a face
2221 that is at an angle of approximately 47 degrees from
the plane of exit opening 225) in order to achieve a shal-
lower area of illumination (i.e., closer to exit opening 225).
In one embodiment, both rows of LEDs (231 and 232) arc
simultaneously illuminated, in order to simultaneously get
both deep and shallow illumination. In another embodiment,
each row is flashed at different times, in order to get either
deep or shallow illumination.

FIG. 2E is a cut-away side view of yet another ring-light
source 230 using a circular double row of LEDs 231 and
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232, wherein row of LEDs 232 is mounted at a small
distance from PCB 2301, tor example, by inserting spacers
233 between each LED and the PCB 2301, according to
another embodiment of the present invention. In this
embodiment, PCB 2301 is configured the same as for FIG.
2D, however, spacers 233 or other means, are used to drop
the position of LEDs 232 rclative to the PCB 2301, thus
moving the plane of the circle for those LEDs closer to ring
reflector 220 (e.g., ring reflector 222, 223 or 224).

FIG. 2F is a cut-away side view of ring-light source 236
using a xenon flashtube according to one embodiment of the
present invention. In one embodiment, a xenon strobe light
source 237, e.g., any suitable circular short-arc flashlamp
bulb, and a diaphragm 238 having backplane slit 239, are
used in place of the row of LEDs. In one such embodiment,
raised collar 2351 is fabricated to be bolted to top cover 240
through screw holes 2352, then inner slit ring 2353 (having
opening 235) is fastened to the lower edge of collar 2351, in
order that only light passing through slit 239 is used (i.c.,
reflected and directed by ring retlector 220). The gap
between the outer circumference of slit ring 2353 and the
inner edge of the hole 2381 in diaphragm 238 defines a
continuous (e.g., circular) slit 239 having no breaks. In
another embodiment (see FIG. 2G which shows four struts
holding the inncr ring to the diaphragm 238), such breaks arc
due to, for example, support struts that are needed to hold
inner slit ring 2382 to diaphragm 238. In one such xenon
strobe embodiment, an optional color filter 2371 is also
placed in series with the light path in order to obtain a
monochromatic light, which can be more sharply focused by
the lens of camera 140 than white light.

In one such xenon strobe embodiment, an optional circu-
lar cylindrical ring lens 2391 (i.e., equivalent or similar to
the cross-section of a convex-convex cylindrical lens as
shown, that is rotated in a circle centered on optical axis 299;
another embodiment uses a plano-convex) is also placed in
series with the light path in order to focus light from the
circular xenon source (i.e., focusing the emitted light to a
circular line). In another embodiment, such a cylindrical ring
lens 2391 is placed in series with light emitted from a
ring-LED source such as ring light source 230.0 of FIG. 2C.

Ring-light source 236 refers generally to a flashtube-slit
assembly such as flash-tube light source 2361 of FIG. 2G or
flash-tube light source 2362 of FIG. 2H. In some
embodiments, flashtube 237 is replaced by a similarly
shaped enclosed incandescent filament circular tube, or a
fluorescent circular tube, or linear LED chips arranged in a
polyhedron, or other continuous circular light source.

FIG. 2G is an exploded isometric view of a tlash-tube
light source 2361 according to one embodiment of the
present invention. Struts 2384 hold inner slit ring 2382 to
diaphragm 238. Raised collar 2351 is fabricated to be bolted
to top cover 240 through screw holes 2352, and for its lower
cdge to be light-tight against inncr slit ring 2382 when
assembled in ring-reflector illumination source 200.

FIG. 2H is an exploded isometric view of a flash-tube
light source 2362 according to another embodiment of the
present invention. In this embodiment, as described above,
raised collar 2351 is fabricated to be bolted to top cover 240
through screw holes 2352, then inner slit ring 2353 (having
opening 235) is fastened to the lower edge of collar 2351, in
order that only light passing through slit 239 is used (i.e.,
reflected and directed by ring reflector 220). The gap
between the outer circumference of slit ring 2353 and the
inner edge of the hole 2381 in diaphragm 238 defines a
continuous (e.g., circular) slit 239 having no breaks.
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FIG. 2I is a cut-away side view of two stacked ring-
reflector illumination sources 200A and 200B according to
one embodiment of the present invention. In this
embodiment, ring-reflector illumination source 200A is con-
figured to have the light from its LEDs 231 reflected at a
shallow angle (e.g., by a face 2211A that is at an angle of
approximately 53 degrees from the plane of exit opening
225) in order to achieve a deep area of illumination (i.e.,
further from its exit opening 225). Ring-reflector illumina-
tion source 200A is configured to have the light from its
LEDs 231 reflected at a less-shallow angle (e.g., by a face
2211B that is at an angle of approximately 47 degrees from
the plane of its exit opening 225) in order to achieve a
shallower area of illumination (i.e., closer to exit opening
225).

In one embodiment, ring reflector 220 is fabricated by
turning on a lathe a blank of aluminum, stainless steel,
plastic, glass or other suitable material to generate a circu-
larly symmetric reflective face (e.g., conical-section face
2211) (i.e., the surface of the cross section shown is a
straight line at an angle of 52 degrees from the plane of exit
opening, i.e., 38 degrees from the optical axis 299), which
is then polished and/or chrome plated to enhance its reflec-
tivity at a wavelength of ring-light source 230. In another
embodiment, ring reflector 221 is cast, e.g., by injection
molding, from a suitable plastic, and then coated by well
known methods with a reflective coating of chrome, gold or
other metal, alloy, or multiple optical coating layers to
enhance its reflectivity at one or more selected wavelengths
of ring-light source 230. (These manufacturing methods can
apply to any of the ring reflectors described below.)

FIG. 2J is a cut-away side view of an alternative ring-
reflector illumination source 200 according to one embodi-
ment of the present invention. In this embodiment, each
LED 234 is mounted on PCB 2300 in a circle around PCB
opening 235 such that its light-emission focal centerline 298
is directed along a line radially perpendicular to optical axis
299 (i.e., the light is directed radially outward, centered on
an emission plane that is perpendicular to optical axis 299).
Ring reflector 229 is configured so that the emission plane
intersects its operative reflective surface 2291, which redi-
rects the light to a darkficld pattern (such as pattcrn 2218 as
shown in FIG. 4A).

Darkfield illumination patterns, often used in microscopy
applications, involve illumination in which light approaches
the object (i.e., object 160) at an angle oblique or perpen-
dicular to the optical axis, in order to minimize or eliminate
light from the illumination source entering the camera (or
microscope) lens either directly, or by reflection off some
background object behind the object of interest. Thus, one
application of the prescent invention is to provide darkficld
illumination within, for example, a food container or bev-
erage can 160, without illuminating the bottom of the can,
e.g., in order to check for foreign objects within a clear
beverage. One embodiment of darkfield illumination of the
present invention is thus particularly useful for spotting
foreign objects within open opaque aluminum cans, while
minimizing light reflecting off the bottom of the can towards
the camera. In one such embodiment, a pattern 2218 is
designed so as to illuminate as deep as possible within a can
160 while minimizing illumination ol the bottom ol the can
160. The embodiments 221, 222, 223 of ring reflector 220
are particularly useful for generating such darkfield illumi-
nation patterns, since these ring reflectors 220 block the light
from LEDs 231 that travels generally in the direction of the
optical axis and that otherwise could illuminate background
below the object of interest.
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In contrast, other applications benefit from a deep illumi-
nation pattern which also illuminates the bottom of the can
or food container. In one such embodiment, a pattern 2218
is designed so as to illuminate as deep as possible within a
can 160 including illumination of the bottom of the can 160.
The embodiments 229 (FIG. 2J) of ring reflector 220 is
particularly useful for generating such darkfield illumination
patterns, since these ring reflectors 220 block the light from
LEDs 231 that otherwise could illuminate below the object
of interest.

All of the embodiments shown are useful for inspecting
electrical components, and in particular, components or
substrates having ball-grid arrays of connector pads. Ball-
grid arrays, such as IBM Corporation’s C4 controlled-
collapse connectors, generally include rectangular grids of
spherical connector balls (i.e., tiny solder balls), that are
used to simultaneously connect multiple signals from chips
to modules, or modules to boards.

In the embodiment shown in FIG. 2J, the reflective
surface 2291 is a single conical section; in other
embodiments, this reflective surface is replaced by two
conical sections (in a manner similar to that shown in FIG.
3B below); a circularly symmetric parabolic or other curved
section (in a manner similar to that shown in FIG. 3C
below); a series of facets (in a manner similar to that shown
in FIG. 3E below), or a configurable reflective surface (in a
manner similar to that shown in FIGS. 3F, 3G, or 3H below).

FIG. 3A is a cut-away side view of one ring reflector 220
according to one embodiment of the present invention. In
this embodiment, ring rellector 221 is a circularly symmetric
conical-section reflective face 2211 (i.e., the surface of the
cross section shown is a single straight line at an angle of
approximately 52 degrees from the plane of exit opening,
i.e., approximately 38 degrees from the optical axis 299). In
this embodiment, the spread half-angle of light emission
from the LEDs 231 is not significantly changed by reflecting
off of surface 2211, and continues to diverge at approxi-
mately the same half-angle as before reflection (although
now directed along a cone converging towards optical axis
299) thus providing a relatively broad spread of light below
exit opening 225, as shown in FIG. 5A. Since the angle of
incidence (approximatcly 38 degrees) is cqual to the anglc of
reflection (also approximately 38 degrees), the cone of the
centerlines of the LEDs approached the optical axis 299 at
an angle of approximately 76 degrees. In other
embodiments, the angle of face 2211 is set to other values to
achieve the lighting pattern desired. In one embodiment, the
lower edge of face 2211 is given a small chamfer (e.g., 0.02
inches) to reduced the danger to a user of otherwise sharp
edges. In one embodiment, the length of face 2211, the
distance from face 2211 to LEDs 231 (e.g., in one
cembodiment, this is made as close as possible), and the
half-angle of light emission of the LEDs 231 (e.g., in one
embodiment, LEDs are specified to have a small half-angle),
are together configured such that most or all of the light
emitted from LEDs 231 is reflected by face 2211 (rather than
passing directly through exit opening 225). FIG. 5A is an
enlarged cut-away side schematic of the ring reflector 220 of
FIG. 3A.

In one such embodiment, particularly useful for darkfield
microscopy, ring refllector 221 is a circularly symmetric
conical-section reflective face 2211 having an angle of
approximately 45 degrees from the plane of exit opening,
i.e., approximately 45 degrees from the optical axis 299). In
this embodiment, the spread half-angle of light emission
from the LEDs 231 is not significantly changed by reflecting
off of surface 2211, and continues to diverge at approxi-
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mately the same half-angle as before reflection (although
now directed along a cone diverging towards optical axis
299) thus providing a relatively broad spread of light within
ring reflector 221 within exit opening 225. Since the angle
of incidence (approximately 45 degrees) is equal to the angle
of reflection (also approximately 45 degrees), the cone of the
centerlines of the LEDs approached the optical axis 299 at
an angle of approximately 90 degrees (perpendicular). For
example, a glass slide could be placed flush against exit
opening 225, with the specimen suspended in water above
the slide and within such a ring reflector 221, whereby only
light impinging on the specimen is visible through the lens
of the camera or microscope.

In another such embodiment, the arrangement of FIG. 2B
is inverted (i.c., with cover 240 further [rom the lens of
camera 140 (or the microscope) and exit opening 225 closer
to camera 140 (or the microscope)), such that the lens of the
camera 140 (or microscope) is above, and on the same side
of ring-reflector illumination source 200 as, exit opening
225. In this case, the glass slide is placed on top of exit
opening 225 (towards the lens) with the specimen in a liquid
above the slide, an opening 245 (now at the bottom) is
covered with a non-reflective black surface such as black
felt. In this way, the specimen is illuminated at oblique
angles from below, with a darkfield illumination.

FIG. 3B is a cut-away side view of another ring reflector
220 according to one embodiment of the present invention.
In this embodiment, ring reflector 222 is a circularly sym-
metric reflective face having two adjacent conical-sections
2221 and 2222 (i.c., the surface of the cross section shown
is two straight-line chords at angles of approximately 47 and
53 degrees respectively from the plane of exit opening, i.e.,
approximatcly 37 and 43 degrees from the optical axis 299,
the chords meeting at a concave intersection). In this
embodiment, the spread half-angle of light emission from
the LEDs 231 is narrowed by reflecting off of surfaces 2221
and 2222, and continues to diverge at a smaller half-angle
than before reflection (although now redirected along a cone
converging towards optical axis 299) thus providing a rela-
tively smaller spread of light below exit opening 225, as
shown in FIG. 5B. Since the two conical-section surfaces
2221 and 2222 form a somewhat concave surface having an
average angle of incidence and reflection of 40 degrees, the
cone of the centerlines of the LEDs approached the optical
axis 299 at an angle of approximately 80 degrees. In other
embodiments, the angles of faces 2221 and 2222 are set to
other values to achieve the lighting pattern desired. In one
embodiment, the angles of faces 2221 and 2222 are approxi-
mately 53 and 47 degrees respectively from the plane of exit
opening (i.c., the reverse of the above case), thus forming a
convex reflecting cross-section, and thus increasing the
half-angle of dispersion of the emitted light.

FIG. 5B is an enlarged cut-away side schematic of the ring
reflector 220 of FIG. 3B.

FIG. 3C is a cut-away side view of yet another ring
reflector 220 according to one embodiment of the present
invention. In this embodiment, ring reflector 223 is a circu-
larly symmetric reflective face having a cross section that is
concave circular or concave parabolic 2231 (i.e., the surface
of the cross section shown is a curved concave section of a
circle or parabola at continuously varying angles [rom the
plane of exit opening). In this embodiment, the spread
half-angle of light emission from the LEDs 231 is narrowed
by reflecting off of surface 2231, and continues to converge
at a smaller half-angle than before reflection (although now
redirected along a cone converging towards optical axis 299)
thus providing a relatively smaller spread of light below exit
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opening 225, similar to as shown in Figure SB. By choosing
an appropriate curved concave section, the focus provided
by reflector ring 223 can be determined to the degree
desired. By extension, by choosing an appropriate curved
convex section, the additional divergence provided by
reflector ring 223 can alternatively be determined to the
degree desired.

FIG. 3D is a cut-away side view of still another ring
reflector 220 according to one embodiment of the present
invention. In this embodiment, ring reflector 224 is a circu-
larly symmectric reflective face having two adjacent conical-
sections 2241 and 2242, and is otherwise identical to ring
reflector 222 of FIG. 3B. Ring reflector 224 is configured to
have the light from an outer row of LEDs 231 reflected by
surface 2242, and to have the light from an inner row of
LEDs 232 reflected by surface 2241. In one such
embodiment, outer row of LEDs 231 emits light of a first
color, and inner row of LEDs 232 of a second color, and are
lit alternatively or simultaneously to achieve lighting effects
as desired. In another such embodiment, outer row of LEDs
231 and inner row of LEDs 232 both emit light of the same
color, and are lit alternatively or simultaneously to achieve
lighting effects as desired (i.e., shallow lighting, deep
lighting, or both.

FIG. 3E is a cut-away side view of a facetted ring reflector
226 according to one embodiment of the present invention.
In one such embodiment, for every facet 2261, a line 2269
drawn from the center of the facet perpendicular to the plane
of the facet will intersect the optical axis 299 on order that
the most amount of light will be centered on the optical axis.
In another such embodiment, for every facet 2261, a line
2269 drawn from the center of the facet perpendicular to the
plane of the facet will pass to the side of the optical axis 299
(e.g., approximately 1 or 2 centimeters (cm) to the side) in
order that the light is spread onto a wider volume (still
centered around the optical axis) than in the just-before
described example. In a third such embodiment, for every
facet 2261, a line 2269 drawn from the center of the facet
perpendicular to the plane of the facet will pass through or
pass to the side of the optical axis 299 by successively
different amounts (e.g., a first facet perpendicular passes
through the optical axis 299, thce ncxt adjacent facet perpen-
dicular passes approximately 1 cm to the clockwise side, the
next adjacent facet perpendicular passes approximately 2 cm
to the clockwise side, and then the pattern repeats for each
successive three facets) in order that the light is spread onto
a wide volume, but now slightly more centered around the
optical axis, than in the just-before described example.

FIG. 3F is a cut-away side view of a configurable ring
reflector 227 according to one embodiment of the present
invention. In this cmbodiment, cach faccet 2271 is made of a
thin reflective material such as a small trapezoid of
aluminum, aluminized silicon, aluminized mylar, or other
reflective chip, and is fastened to pliable focusing gasket
2272 preferably made of rubber or pliable plastic. Outside
ring 2273, preferably made of metal such as aluminum, is
permanently attached to pliable focusing gasket 2272 at their
junction (e.g., by adhesive), and is threaded at the bottom of
its inside circumference to accept threaded, tapered com-
pression ring 2274. As compression ring 2274 is rotated into
the threads of the inner bottom of outside ring 2272, it [irst
contacts the inner diameter edge of pliable focusing gasket
2272, thus deflecting each facet 2271 upward at their bottom
edges, while the top edges of each facet 2271 remains at the
junction of pliable focusing gasket 2272 and outside ring
2273. This changes the angle of each facet 2271 (e.g., from
a nominal undeflected angle of approximately 38 degrees to
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a larger angle). In one such embodiment, for every facet
2271, a line 2269 drawn from the center of the facet
perpendicular to the plane of the facet will intersect the
optical axis 299 on order that the most amount of light will
be centered on the optical axis. In one such embodiment,
every other facet has edges that overlay above the edges of
cach of its closcst ncighbors, as shown in FIG. 3G. In
another such embodiment, every facet 2271 has its, e.g., left
edge overlaying above the right edge of each of its closest
left-hand neighbor, as shown in FIG. 3H, in order that, for
every facet 2271, a line 2279 drawn from the center of the
facet perpendicular to the plane of the facet will pass to the
side of the optical axis 299 (e.g., approximately 1 or 2
centimeters (cm) to the right side in the example FIG. 3H)
in order that the light is spread onto a wider volume (still
centered around the optical axis) than in the just-before
described example.

FIG. 3I is a cut-away side view of a configurable ring
reflector 228 according to one embodiment of the present
invention. In this embodiment, thin reflective surtace 2281
is fastened to (or deposited on the surface of) stretchable
focusing membrane 2282 preferably made of rubber or
pliable plastic. Outside ring 2283, preferably made of metal
such as aluminum, is permanently attached to stretchable
focusing membranc 2282 at their junction (c.g., by adhesive
or a dovetail joint), and is threaded at the bottom of its inside
circumference to accept threaded, tapered stretching ring
2284. As stretching ring 2284 is rotated into the threads of
the inner bottom of outside ring 2282, it releases some of the
stretch of stretchable focusing membrane 2282, thus deflect-
ing reflective surface 2281 upward at its bottom edge, while
the top edge of reflective surface 2281 remains at the
junction of stretchable focusing membrane 2282 and outside
ring 2283. This changes the angle of reflective surface 2281
(e.g., from a nominal undeflected angle of approximately 38
degrees to a larger angle).

FIG. 4A is a cut-away side schematic of the single-
conical-section ring reflector 221 of FIG. 3A showing the
light pattern generated (having highest intensity within the
dotted line volume 2218), which is sometimes called a
darkfield-illumination pattern. In such a darkfield-
illumination pattern, an object 160 located within A deeper
pattern is gencrated by a shallower angle in reflector 221,
and/or a wider half-angle of LEDs 231.

FIG. 4B is a cut-away side schematic of the concave
dual-conical-section ring reflector 222 of FIG. 3B showing
the light pattern generated (having highest intensity within
the dotted line volume 2228). A deeper pattern is generated
by a shallower angles in reflector 222, and/or a wider
half-angle of LEDs 231.

FIG. 5A s an enlarged cut-away side schematic of the ring
reflector 220 of FIG. 3A.

FIG. 5B is an enlarged cut-away side schematic of the ring
reflector 220 of FIG. 3B.

FIG. 6 is a block diagram of the electrical connections for
one embodiment of machine-vision illumination system
100. Image processor 150 sends a reset signal to camera 140,
then shortly thereafter (or simultaneously) sends a trigger
signal to power supply 20. Within power supply 20, the
trigger signal activates pulse generator 20.1 1o generale a
control pulse of a predetermined length. The control pulse is
used to turn on transistor Q1 to generate a flash on LEDs
231, which is current-limited (if desired) by resistor R30.
The control pulse also activates the maximum-rate-limit
circuit 20.2, which inhibits any further control pulses from
pulse generator 20.1 for a predetermined amount of time.
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The 12-volt signal from power supply 20 is filtered by the
low-pass filter comprising C1, L1, D1, and R10, and charges
capacitors C2 through C,, (in one embodiment, N is 12). In
one such embodiment, C1 through C12 are each 2200 uF, L1
is 40 pH iron-core, D1 as a 1N4001 diode, and R10 is a O
ohm conductor (i.e., a short). C2 through C,; are discharged
through, e.g., fifteen LEDs 231 as shown in the circuit
diagram, which in this embodiment are wired in a parallel-
series manner as shown, (in another embodiment, sixty
LEDs arranged in a single row are used; in another
cmbodiment, 150 LEDs arc uscd, cach in a similar scrial-
parallel-wired connection circuit), and R30 and Ql, as
activated by the above-described control pulse. In one such
embodiment, R30 is replaced by a zero-ohm conductor, and
the voltage drop across the LEDs 231 and Q1 is used to
self-limit the current through the LEDs 231. The control
pulse is fed across resistor R20, which in one embodiment
is 100K€, to develop the necessary voltage for driving
transistor Q1, which in this embodiment is a MTP75NO5SHD
MOSFET.

FIG. 7 is a more-detailed schematic diagram of power
supply 20. The input trigger is fed through resistor R21 to
drive the input of opto-isolator OI1. The output of opto-
isolator OI1 is coupled through capacitor C12 (and the
associated circuit R4, R6 and D2) to the TRG input of timer
circuit 1C1,. (IN one embodiment, timers 1C1, and 1Cl,
are each ¥ of a 556-type dual timer.) The timing constant of
timer 1C1, is set by C14 and R1-x, (where x is selected from
1 through N), and determines the pulse width of the control
pulse driving Q1, and thus the LEDs 231. In one
embodiment, five selectable pulse widths are predetermined
and selected by SW1, which is a five-way exclusive dual-
pole-single-throw switch, wherein one resistor of the set
R1-1 through R1-N is selected for connection to the DIS
input pin of 1C1A, and a corresponding one resistor of the
set R2-1 through R2-N is selected for connection to the DIS
input pin of 1C1,. The timing constant of timer 1C1, is set
by C17 and R2-x, (where x is selected from 1 through N),
and determines the minimum time between control pulses
driving Q1, and thus the LEDs 231. In one embodiment, the
five selectable predetermined pulse widths are 25 microsec-
onds (es), 50 ws, 100 s, 200 pus and 500 us; the corrc-
sponding maximum pulse rates controlled by maximum rate
limit circuit 20.2 are 200 Hz, 120 Hz, 60 Hz, 30 Hz, and 10
Hz, respectively, and are predetermined and selected by
SW1. Thus, in the embodiment which uses a 60 Hz camera
image rate, 100 us-long control pulses are used to activate
LEDs 231. In one embodiment, it is desired to have an
average LED illumination intensity of at least ten times the
ambient light; thus, when camera 140 is taking one frame
every 16.7 milliseconds, a 100 microsecond pulse should be
at least 1670 times as inltense as the ambient light. In one
such an embodiment, a shroud is used to reduce the ambient
light, and a red filter (substantially transparent to the peak
wavelength of ring-reflector illumination source 200) is
placed over the lens of camera 140 in order to reduce
ambient light and pass the light of ring-reflector illumination
source 200. The control pulse output signal is driven through
resistor R31.

In one embodiment, opto-isolator OI1 is a 4N37-type part,
resistor R2 is 100 €, resistor R3 is 1000 £, resistor R7 is 1
MQ, resistor R8 is 1K€ and visible-color LED D3 indicates
when the circuit is active, resistor R4 is 4700 Q, resistor RS
is 10 €, resistor R6 is 10K, diode D2 is a 1N914, resistor
R1-1 is 2.26K€2, resistor R1-2 is 4.53K€2, resistor R1-3 is
9.0KQ), resistor R1-4 is 18.2KQ, resistor R1-5 is 45.3KQ,
resistor R2-1 is 37.4K€2, resistor R2-2 is 75K€2, resistor
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R2-3 is 150K€2, resistor R2-4 is 301K, resistor R2-5 is
909KE€2, C14 is 0.01 uF, C17 is 0.1 pk, C12 is 0.001 uk, C10
is 100 uF, C11 is 0.1 uF, C13, C15, and C16 are each 0.01
uF, Q2 and Q3 are each 2N3904 NPN transistors, and RP1
is a 10KE2 resistor pack.

“Chromatic aberration” is where a lens focuses different
wavelengths of light at different focal points. “Spherical
aberration” occurs when light from the edges of a circularly-
curved lens are focused at different distances that light
through the center of the lens. Circularly curved lenses are
used since they are cheaper to produce a lens with a
spherical curved surface than one in which the curvature
changes. The problem, however, is that spherical aberration
can occur, where the edges of the lens focus the light waves
at a different point from the center of the lens, causing lack
of sharpness. Regarding the oblique rays passing through the
lens, these fall on different parts of the “image plane,” in a
blur rather than being superimposed. This slightly different
aspcect of spherical aberration is called coma. To overcome
this can be costly, but mirror-type ring-reflector focusing
elements 220 do not suffer from these aberrations.

The process ol the present invention is unlike conven-
tional illumination sources since it is compact, generates a
light source from more than one point source with suitable
brightness in order to reduce shadows, focuses the light
source into a broad, deep, multidirectional source illuminat-
ing a volume with light rays that approach generally the
optical axis of the machine-vision system at oblique angles
from a ring that surrounds the optical axis, so that even
extremely small parts can be adequately inspected and
accurately viewed or measured with machine-vision system
100. Another aspect of the present invention is to provide a
compact illumination source, preferably monochromatic,
which can be focused to provide uniform multi-directional
light onto all surfaces that are viewable by the machine
vision camera. Yet another aspect of the present invention is
to have such an LED illumination source be pulsed with a
relatively high-power, low duty-cycle power source.

In one embodiment, most or all interior surfaces of
ring-reflector illumination source 200 except the operative
reflecting surface (e.g., surfaces 2211, 2221, 2222, or 2231)
have an anti-reflective (e.g., flat black) surface to prevent
stray reflections. In one embodiment, the flat black surface
is obtained by applying flat black paint. In another
embodiment, the flat black surface is obtained through use
of a standard black anodization process.

It is to be understood that the abowve description is
intended to be illustrative, and not restrictive. Many other
embodiments will be apparent to those of skill in the art
upon reviewing the above description. The scope of the
invention should, therefore, be determined with reference to
the appended claims, along with the full scope of equivalents
to which such claims are entitled.

‘What is claimed is:

1. An illumination system for illuminating an object for
machine-vision, the system having an optical axis, compris-
ing:

a ring light source that comprises:

a substantially ring-shaped flashtube emitting light from a
light-emitting region disposed substantially in a plane
that intersects the optical-axis, the light-emitting region
disposed at least a first distance from the optical axis
and less than a second distance from the optical axis;
and

a first ring reflector, the ring reflector having an exit
opening though which the optical axis passes, the
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emitted light from the ring light source being generally
directed centered on lines that intersect a reflecting
surface of the ring reflector, the ring reflector reflecting
the emitted light from the light source though the exit
opening inwards and generally towards the optical axis;
and

an enclosure generally surrounding the flashtube but

having a elongated aperture disposed between the ring-
shaped flashtube and the ring reflector, wherein the
elongated aperture allows light from the flashtube to
fall on a rcflceting surface of the ring reflector.

2. The illumination system as recited in claim 1, further
comprising a focusing element, disposed in a path of the
emitted light from the ring light source, and that includes a
cylindrical ring lens having at least one convex face.

3. The illumination system as recited in claim 1, wherein
the ring reflector has a surface that enhances its reflectivity
at one or more selected wavelengths of the ring light source.

4. The illumination system as recited in claim 3, wherein
the first ring reflector and ring light source are configured to
produce a darkfield illumination.

5. The illumination system as recited in claim 1, wherein
the first ring reflector includes a reflective surface that
comprises a [irst conical section.

6. The illumination system as recited in claim 5, wherein
the first conical section includes a reflective surface at a first
conical angle to the optical axis.

7. The illumination system as recited in claim 1, wherein
the first ring reflector includes a reflective surface that
comprises a plurality of adjoining conical sections.

8. The illumination system as recited in claim 7, wherein
the plurality of adjoining conical sections includes a first
conical scetion having a reflective surface at a first conical
angle to the optical axis, and a second conical section having
reflective surface at a second conical angle to the optical
axis, the second conical angle being different than the first
conical angle.

9. The illumination system as recited in claim 1, wherein
the first ring reflector includes a reflective surface that
comprises a circularly-rotated parabolic section.

10. The illumination system as recited in claim 1, wherein
the first ring reflector includes a reflective surface that is
configurable to change at least one angle at which the
reflective surface reflects light.

11. The illumination system as recited in claim 1, wherein
the first ring reflector includes a reflective surface that
comprises a plurality of reflective facets.

12. The illumination system as recited in claim 11,
wherein, for a plurality of the facets, a line normal to a facet
surtace passes through the optical axis.

13. A method for illuminating an object located along an
optical axis, comprising the steps

(a) emitting light from a light source that includes a

ring-shaped flashtube disposed substantially along a
circle disposed perpendicular to and centered on the
optical axis, the light-emitting portion of the flashtube
disposed at least a first distance from the optical axis
and less than a second distance from the optical axis;
and

(b) reflecting the emitted light from the light source

inwards and generally towards the object at the optical
axis or in an area around the optical axis, wherein the
object is an electrical connector, and further comprising
the step of acquiring a machine-vision image of the
electrical connector.

14. A method for illuminating an object located along an
optical axis, comprising the steps
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(a) emitting light from a light source that includes a
ring-shaped flashtube disposed substantially along a
circle disposed perpendicular to and centered on the
optical axis, the light-emitting portion of the flashtube
disposed at least a first distance from the optical axis
and less than a second distance from the optical axis;
and

(b) reflecting the emitted light from the light source
inwards and generally towards the object at the optical
axis or in an area around the optical axis,

further comprising the step of focusing the emitted light to
a circular line.

15. A method for illuminating an object located along an

optical axis, comprising the steps of:

(a) emitting light from a light source that includes a
ring-shaped flashtube disposed substantially along a
circle disposed perpendicular to and centered on the
optical axis, the light-emitting portion of the flashtube
disposed at least a first distance from the optical axis
and less than a second distance from the optical axis;

(b) focussing the emitted light through a circular cylin-
drical ring lens; and

(¢) rellecting the emitted light from the light source
inwards and generally towards the object at the optical
axis or in an area around the optical axis.

16. A machine-vision illumination system, comprising:

an imaging device disposed along an optical axis to
receive an image of an object;

an image processor coupled to the imaging device that
processes the image and produces machine-vision
information; and

a ring-light source to illuminate the object, wherein the
ring light source comprises:

a ring-shaped flashtube disposed substantially along a
circle disposed perpendicular to and centered on the
optical axis;

a ring reflector configures to reflect light along at least
one conical angle; and
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an enclosure having a slit disposed between the ring-
shaped flashtube and the ring reflector, wherein the
slit allows light from the flashtube to fall on a
reflecting surface of the ring reflector.

17. The illumination system as recited in claim 16, further
comprising a focusing element that includes a cylindrical
ring lens having at least one convex face.

18. The machine-vision illumination system as recited in
claim 16, wherein the ring reflector has a surface that
enhances its reflectivity at one or more selected wavelengths
of the ring light source.

19. The machine-vision illumination system as recited in
claim 16, wherein the ring reflector and ring light source are
configured to produce a darkfield illumination.

20. A method for illuminating an object located along an
optical axis, comprising the steps

(a) emitting light from a light source that includes a

ring-shaped flashtube disposed substantially along a
circle disposed perpendicular to and centered on the
optical axis, the light-emitting portion of the flashtube
disposed at least a first distance from the optical axis
and less than a second distance from the optical axis;
and

(b) reflecting the emitted light from the light source

inwards and generally towards the object at the optical
axis or in an area around the optical axis,
wherein the step of emitting light further comprises passing
the emitted light through a circular slit.

21. The method for illuminating an object as recited in
claim 15, wherein the step of rellecting light further com-
prises reflecting light at a plurality of discrete conical angles
each defined by a conical section reflecting surface having a
straight line cross section.

22. The method for illuminating an object as recited in
claim 21, wherein the plurality of conical angles include a
first conical angle to the optical axis, and a second conical
angle to the optical axis, the second conical angle being
different than the first conical angle.

& * * #* *
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(57) ABSTRACT

An illuminator device for illuminating one or more users in
front web camera and a communication terminal having a
bulb for emitting light; a reflector operatively associated with
the bulb for projecting the emitted light; and an arm disposed
between the bulb and the terminal for connection to the ter-
minal are provided. The bulb is positionable relative to the
web camera to provide optimal viewing of the user through
the web camera. An illuminator device for illuminating one or
more users in front of a webcamera and a communications
terminal having a frame and a screen having a plurality of
bulbs, wherein the plurality of bulbs are disposed in the frame
of the terminal to provide illumination to the face or faces of
the users.
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1
WEBCAM ILLUMINATOR DEVICE

This application claims the benefit to U.S. Provisional
Application Ser. No. 60/897,600 filed on Jan. 26, 2007, the
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an illuminator device. More par-
ticularly, this invention relates to an illuminator device for a
web camera (hereinafter “webcam”) that illuminates the face
of the person who is viewed using a webcam.

2. Description of Related Art

Video conference calls are a common method for people to
communicate when the parties are remote and wish to be
simultaneously viewed. Generally, during video conferenc-
ing, the parties are not concerned about the appearance of the
individuals, because the purpose of the call is of greater
importance than the individuals® appearance.

However, as online viewing using the Internet has become
more popular, users are now able to have their image files
uploaded to a website for online viewing. While these
uploaded images can be for business purposes, they are
increasingly used for social purposes. For example, in online
chatting or dating sites, a user desires to appear as attractive as
possible during communications using personal computers
equipped with a webcam.

Poor lighting is one of the primary reasons for the poor
appearance of facial images that are viewed online from web-
cams. The individual does not appear as attractive as they
otherwise would in person. The proper lighting ensures an
aesthetically pleasing appearance of an individual’s face.

Accordingly, there is a need to provide proper lighting for
users that are viewed through a webcam to ensure that they
appear aesthetically pleasing.

SUMMARY OF THE INVENTION

The present disclosure provides for an illuminator device
for the face of the user viewed through a webcam, wherein the
illuminator provides diffuse illumination to the face of the
user.

The present disclosure also provides for an illuminator
device for the face of the user viewed through a webcam, in
which the illuminator device has a bulb that is shaped as one
of a toroid, a sphere and a semi-sphere.

The present disclosure further provides for an illuminator
device for the face of the user viewed through a webcam in
which the illuminator device is embedded in the periphery of
a screen of a monitor to provide illumination to the face of a
user.

The present disclosure yet further provides for an illumi-
nator device for the face of the user viewed through a web-
cam, in which the illuminator device has a bulb that is sur-
rounded by a reflector to reflect the light of the bulb towards
the face of the user.

The present disclosure yet still further provides for an
illuminator device for the face of the user viewed through a
webcam, in which the illuminator is movable on a surface
relative to the user and the webcam for optimal adjustability.

The present disclosure still yet further provides for an
illuminator device that is covered by a diffusion cover to
provide diffuse light to the face of the user when the face is
viewed through a webcam.

An illuminator device for illuminating one or more users in
front web camera and a communication terminal having a
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bulb for emitting light; a reflector operatively associated with
the bulb for projecting the emitted light; and an arm disposed
between the bulb and the terminal for connection to the ter-
minal are provided. The bulb is positionable relative to the
web camera to provide optimal viewing of the user through
the web camera.

An illuminator device for illuminating one or more users in
front of a webcamera and a communications terminal having
a frame and a screen having a plurality of bulbs, wherein the
plurality of bulbs are disposed in the frame of the terminal to
provide illumination to the face or faces of the users.

BRIEF DESCRIPTION OF THE DRAWINGS

Other and further benefits, advantages and features of the
present invention will be understood by reference to the fol-
lowing specification in conjunction with the accompanying
drawings, in which like reference characters denote like ele-
ments of structure and:

FIG.1 illustrates a front view of the firstembodiment of the
webcam illuminator of the present invention;

FIG. 2 illustrates a front view of the webcam illuminator of
FIG. 1 of the present invention proximate the webcam;

FIG. 3 illustrates a front view of the webcam illuminator
according to a second embodiment of the present invention;

FIGS. 4 and 5 illustrate a perspective view of a third
embodiment of the present invention in which the illuminator
is integrated into the frame of the screen and surrounds the
webcam;

FIG. 6 illustrates a perspective view of a fourth embodi-
ment of the present invention; and

FIG. 7 illustrates a perspective view of a fifth embodiment
of the present invention in which the illuminator has a diffu-
sion fabric.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, a webcam illuminator of the present
invention is shown and is generally represented by reference
numeral 10. [lluminator 10 of the present invention is a con-
nected frame 15 of screen 12 of a computer proximate a
webcam 20. A webcam 20 is a video camera that is used to
send periodic images or continuous frames to a Web site for
display. Webcam software typically captures the images as
JPEG or MPEG files and uploads them to the Web server.
Illuminator 10 has a bulb 25 for illumination of the user, and
particularly of the face of the user of the webcam 20. Illumi-
nator 10 preferably has a flexible arm 30 and a clamp 55 that
permit adjustment of the location of bulb 25 relative to web-
cam 20. While illuminator 10 is shown as having an alternat-
ing current power cord 35, illuminator 10 could also be bat-
tery powered to enable portable use of webcam 20 and
illuminator 10.

Illuminator 10 further has a reflector 40 that surrounds or
encases bulb 25. Bulb 25 has a toroidal or ring configuration
that is capable of diffusing and shaping light through its
surface. Such a configuration permits light illuminating the
face of the user to be as diffuse as possible. Further, reflector
40 reflects the light of bulb 25 back onto the face of the user.
Iluminator 10 has a base 45 that is capable of receiving
different sized or shaped bulbs and reflectors. [lluminator 10
has a switch 50 for easy activation of the bulb during use.

Referring to FIG. 2, the illuminator 10 is shown in use in a
position surrounding and in front of webcam 20. By sur-
rounding webcam 20, the direct light from bulb 25 and the
reflected light from bulb 25 illuminate the face with diffuse
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light. The diffuse light is the most flattering light to view a
person’s face because it prevents any shadows from being
cast on a user’s face. Diffuse light also prevents any facial
imperfections from being highlighted on the face of the user.
Illuminator 10 can be affixed to screen 15 of computer at any
point along the edge to maximize direct and diffuse light from
bulb 25. Because illuminator 10 is movable along the length
of screen 15, a recipient of the image over the internet may
request that the user adjust the location of the illuminator 10
for enhanced viewing of the user. The ability to move the
device allows for the user to adjust how they want to be seen,
as well. The different positions that the device can be posi-
tioned will create different looks and effects allowing for
more choice and control.

Referring to FIG. 3, second embodiment of the illuminator
present invention is shown and generally reference with ref-
erence numeral 60. Similar features of the first embodiment
will be referred to using the same reference numerals in the
second embodiment. In FIG. 3, illuminator 60 has similar
elements as the first embodiment except that bulb 65 has a
semi-spherical or spherical shape. The reflector 70 of this
embodiment has an umbrella shape that is capable of reflect-
ing light onto the users face from bulb 65. Bulb 65 is substan-
tially a point source and its light is reflected by the relatively
large umbrella reflector. Similar to the first embodiment, the
purpose of the second embodiment is to move light forward
onto the user’s face and to create as much diffuse light as
possible so that the user’s face will be illuminated in the most
flattering manner during webcam use. In the absence of a
mechanism to diffuse light, the user’s face would appear
harsh with many shadows. In the absence of diffuse light,
wrinkles or crevices would be deepened and highlighted on
the surface of the skin making the user appear not as attractive
when viewed by a recipient via webcam 20. Further the dif-
fuse light makes the whites and the color of the eyes appear
clearer. By casting the light on to the user’s face the overall
illumination of the face is achieved.

Reflectors 40 and 70 of the first and second embodiment,
respectively, have an inside surface that is preferably coated
with a thin film of silver or a white film to maximize reflective
capability. Additionally, reflectors 40 and 70 are able to direct
the light to the user’s face and away from screen 15. By
highlighting the user’s face and projecting the maximum
amount of light onto the user’s face, the resolution of webcam
20 is optimized. A brighter subject enhances the resolution of
webcams 10 and 60. Further, the readability of screen 15 is
increased because the light that would otherwise be directed
toward the screen is minimized and redirected to the face to
enhance the contrast of colors on the screen. Illuminators 10
and 60 simulate the lights are used in photographic studios
that use professional lighting to enhance a user’s appearance.

A further benefit of the webcam illuminator 10, 60 and
reflectors 40 and 70, respectively, is that they together simu-
late natural light. Natural light or average noon daylight has a
temperature of 5500 degrees Kelvin. Light at 5500 degrees
Kelvin is has the quality of white light that is identical to the
color of the sun at midday. The temperature that reflectors 40,
70 of the present invention reflect on the face of the user is
approximately 5500 Kelvin, a value that is neither too hot like
blue light or too cold like orange light. A user seen using the
webcam will have a flattering appearance.

In the third embodiment shown in FIGS. 4 and 5, illumi-
nator 80 is built into a frame 85 of screen 15 of computer.
Illuminator 80 is in the form of a plurality of lights 90 con-
figured to achieve a similar effect to the bulbs of earlier
embodiments. Plurality of lights 90 surround the webcam 20
and cast diffuse light on the face of the user to minimize any
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shadows that would not be as flattering to the user. Lights 90
are set back from the screen 15 of computer to enhance the
contrast of the screen with the background for easier viewing
by the user. By highlighting the face of the user, the function
of the webcam 20 is maximized. By providing a greater
degree oflight to the user’s face, the resolution of the webcam
is increased.

FIG. 5 shows a more decorative arrangement of lights or
electrodes 100 much like a make-up mirror. The illuminators
shown in FIGS. 4 and 5 can be automatically activated when
webcam is brought into service. Lights 90 are mounted in the
frame are compact and thus very convenient. Lights 90
occupy less space and are more discreet, than a frame
mounted illuminator of embodiment one or two. Further-
more, the third embodiment is useful for people who travel
and work exclusively with laptops, thus eliminating the need
of carrying around an additional device.

A benefit of the illuminator of the present invention is to
provide the most flattering lighting and viewing of a user of a
webcam during conference calls or any on-line scenario using
a webcam such as an on-line dating scenario.

In the embodiments described above, the illuminator is
shown as being connected to or integral with the computer
screen. Referring to FIG. 6, it is also within the scope of the
instant invention to have a fourth embodiment in which an
illuminator 115 is placed on a table surface proximate user
and webcam 20 to illuminate the face of user. In this embodi-
ment, a user is able to position illuminator as desired on a flat
surface flat surface relative to webcam 20.

Referring to FIG. 7, a fifth embodiment of the present
invention is shown, and generally referenced using reference
numeral 130. The fifth embodiment shows illuminator 130 on
a surface adjacent to computer screen 135 with web camera
140. [Mluminator 130 has a base 145 having a dimmer switch
150 to adjust the brightness of bulb 155. Base 145 has a power
cord 158 and a switch 160 to enable operation. Bulb 155 is
connected to base by an adjustable arm 165 to adjust the
position of bulb 155 relative to user and webcamera. In this
embodiment, bulb 155 is surrounded by and attachable box
170 that is covered with a diffusion fabric 175. Inside surface
of attachable box 170 is lined with a white reflective film to
reflect light from bulb 155. The shape of box 170 ensures that
light from bulb 155 will project forward from bulb 155
towards diffusion fabric 175. Diffusion fabric 175 provides a
diffuse light to the face of the viewer positioned proximate
webcamera and computer screen. The diffusion fabric mini-
mizes the harshness that direct light being projected from box
170 would cast on the face of the user. Diffusion fabric 175 is
able to scatter directional light rays that pass therethrough to
enable scattering. The resulting light on the user’s face
appears softer and more general, to minimize or even elimi-
nate shadows. The resultant softer light that is achieved by
passing through diffusion fabric 175 has several advantages.
The resultant light is natural and more like daylight or uni-
form overhead office lighting. This light flatters subjects by
diplomatically suppressing wrinkles and other facial blem-
ishes. Further, the light that passes through diffusion fabric
175 reduces uncomfortable glare in a subject’s eyes. The
diffusion fabric is preferably made from a material such as
silk or white muslin.

While the instant disclosure has been described with ref-
erence to one or more exemplary embodiments, it will be
understood by those skilled in the art that various changes
may be made and equivalents may be substituted for elements
thereof without departing from the scope thereof. In addition,
many modifications may be made to adapt a particular situa-
tion or material to the teachings of the disclosure without
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departing from the scope thereof. Therefore, it is intended that
the disclosure not be limited to the particular embodiment(s)
disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments
falling within the scope of the appended claims.

Iclaim:

1. An illuminator device for illuminating one or more users
in front of a web camera and a communication terminal
comprising: a bulb having a toroidal shape for emitting light;
a reflector having a circular configuration to conform to the
toroidal shape of said bulb for projecting the emitted light;
and an arm disposed between said bulb and the terminal for
connection to the terminal, wherein said bulb is positionable
relative to the web camera to provide optimal viewing of the
user through the web camera.

2. The illuminator device of claim 1, wherein said reflector
is positioned proximate said bulb to project light towards a
face of said user or said users.

3. The illuminator device of claim 1, wherein said reflector
is lined with a reflective material or film.

4. The illuminator device of claim 1, wherein said arm is a
flexible arm that permits said bulb to be positioned relative to
the web camera.

5. The illuminator device of claim 1, wherein said arm is
connected to the terminal by a clamp.
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6. The illuminator device of claim 5, wherein the clamp is
movable along an edge of the terminal to adjust the location of
said bulb.

7. The illuminator device of claim 1, wherein the arm has a
base that supports the illuminator device on a flat surface
adjacent to the terminal.

8. The illuminator device of claim 1, wherein said reflector
has a piece of fabric thereon disposed between said bulb and
a user’s face for diffusing the light emitted from said bulb.

9. The illuminator device of claim 8, wherein said fabric is
silk or muslin.

10. An illuminator device for illuminating one or more
users in front of a web camera and a communications terminal
having a frame and a screen comprising: a plurality of bulbs,
wherein said plurality of bulbs are disposed in the frame of the
terminal and one of said plurality of bulbs surrounds the web
camera.

11. The illuminator device of claim 10, wherein one of said
plurality of bulbs is on one side of the web camera and another
of said plurality of bulbs is on the other side of the web
camera.

12. The illuminator device of claim 10, wherein in each of
said plurality of bulbs are rectangularly shaped.

13. The illuminator device of claim 10, wherein said plu-
rality of bulbs are a plurality of electrodes spaced in the frame
of the screen.
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LIGHT MODIFIER

[0001] This invention relates to improvements to a light
modifier that is used to modify light from a light source. The
light modifier is used by photographers and image makers to
modify the light that is presented to a subject or an image to
create the desired depth of field and shadowing.

BACKGROUND OF THE INVENTION

[0002] Light modifiers have been used in the photography
industry for quite some time. A well-known example is light
diffusion boxes, which have been used by photographers and
others to defuse or soften the lighting on a subject. These
diffusion boxes have an outer housing with a light source at
one end and a diffusion panel at the other end through which
the light from the light source must pass before striking the
subject. This type of light modifier has been focused on
obtaining a uniform quality to the light that is presented on
the subject that is to be photographed. These light boxes can
be collapsible in nature or have a fixed outer structure.
However, all of these prior light boxes are trying to achieve
a uniform distribution of light on the subject that is to be
photographed or otherwise captured.

SUMMARY OF THE INVENTION

[0003] The present invention is directed to a light modifier
having a collapsible outer housing with a light source
mounted on one end with a panel positioned on the other end
of the outer housing in an opposed relationship to the light
source. However, the light modifier of the present invention
is not directed to achieving a uniform quality for the light
produced from the light source. The panel that is placed
across the end of the outer housing has a hole or aperture in
the center that allows at least some of the light from the light
source to pass through the panel without being modified or
diffused by the panel. The panel can have several layers and
the aperture or hole in the center of the layers can vary in
size whereby the light from the light source is modified or
diffused at different levels across the face of the panel. It is
the intent of the present invention to produce a lighting and
shadowing effect on the subject that is similar to the lighting
patterns utilized by the old masters in their oil paintings. The
lighting patterns that make these paintings unique and
desirable vary across the subject that is being painted and
produce dramatic characteristics for these paintings.

[0004] Tt is an object of the present light modifier to
replicate the lighting patterns and characteristics utilized by
the old masters in their master piece oil paintings.

[0005] These and other objects and advantages of the
invention will be more fully understood by reference to the
following written description and the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a perspective view of the light modifier
of the present invention;

[0007] FIG. 2 is a perspective view of the light modifier;

[0008] FIG. 3 is a front elevation view of the housing of
the light modifier;

[0009] FIG. 4 is a perspective view of the housing of the
light modifier;
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[0010] FIG. 5 is a perspective view of a portion of the
housing; and

[0011] FIG. 6 is a cross sectional view taken along line
6-6 in FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0012] The invention is directed to a light modifier that is
used to provide lighting for a subject. More particularly, the
light modifier modifies the characteristics of light from a
light source to create enhanced depth of lighting on a subject
or image that is being photographed, video taped or captured
on film. The features of the invention will be more readily
understood by referring to the attached drawings in combi-
nation with the following description.

[0013] The light modifier 10 has a collapsible housing 13
that defines a sidewall 17. The sidewall 17 is usually formed
of a four separate panels 19, 21, 23 and 25 respectively that
are joined together to form the sidewall 17 of the collapsible
housing 13. The panels of the sidewall 17 are generally
trapezoidal in shape and are made of a fabric material. The
fabric panels 19, 21, 23, and 25 are assembled to form the
sidewall 17 of the housing so that the housing 13 defines a
first end 29 and a second end 31. The panels 19, 21, 23 and
25 are usually formed of a fabric material having an outer
layer 37 and an inner layer 41. The outer layer 37 of fabric
is typically black and is opaque to light that is contained
within the housing 13. The inner layer of fabric is typically
reflective in nature and the inner layer 41 of fabric forms the
interior of the collapsible housing 13. A loop or passageway
45 is formed in the inner layer 41 of fabric along at least a
portion of the edges where the panels 19, 21, 23 and 25 are
joined together to form the sidewall 17. Normally the
passageways 45 are created by sewing in an additional layer
of fabric that forms the inner layer 41 to create the passage-
way. However, other methods can be utilized to form the
passageways in the interior of the collapsible housing 13.

[0014] The first end 29 of the housing 13 is adapted to
receive a light source 49 and a cylindrical fixture 51 is
positioned in the first end 29 for removably receiving the
light source 49. The cylindrical fixture 51 has 4 holes 55
positioned in the outer perimeter of the cylindrical fixture.
The holes 55 are spaced equidistantly from each other
around the outer periphery of the cylindrical fixture 51 so
that the holes 55 are in alignment with the four seams where
the panels 19, 21, 23 and 25 are joined together to form the
collapsible housing 13. A flexible rod 59 can be positioned
in each of the holes 55 so that the rods extend from the
cylindrical fixture 51. The flexible rod 59 can be positioned
in the passageways 45 formed in the sidewall 17 of the
housing 13. The flexible rods 59 provide a support structure
that is suitable to support the panels 19, 21, 23 and 25 in a
manner to form the collapsible housing 13 of the light
modifier 10. In some applications, it is desirable to have a
pocket 63 formed in the panels 19, 21, 23 and 25 to receive
the ends of the flexible rods 59. The pocket 63 can be formed
as part of the passageways 45 or they can be formed as a
separate element. The pocket 63 are normally positioned
adjacent the second end 31 of the housing 13. Suitable
adaptors 67 can be utilized with the cylindrical fixture 51 to
secure a light source 49 to the light modifier 10. The adaptor
67 allow the light source to be mounted so that the light
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source is positioned in the interior of the collapsible housing
13 or at least directs the light produced by the light source
into the interior of the collapsible housing 13.

[0015] A panel 71 is removablly secured to the second end
31 of the collapsible housing 13. The panel 71 can be held
in place by hook and loop type fasteners or other suitable
securing means. The panel 71 is formed of at least one layer
of netting 73 having an aperture 77 located essentially in the
center of the panel 71. The layer of netting 73 acts to diffuse
or modify the light that it receives from the light source 49
and the aperture 77 does not modify or diffuse the light that
it receives from the light source 49. Accordingly, the light
modifier 10 can create an enhanced depth of field for the
lighting that is used to illuminate a subject. The panel 71 can
have several layers of netting 73 to create a larger variation
between the light passing through the netting and the light
passing through the apertures 77 in the center of the layers
of netting. In practice it has been found that between 1 and
20 layers of netting can be used to form the panel 71.
Examples of netting that are particularly useful are cotton,
nylon, polyester or similar fabric netting having the ability
to withstand high heat applications. In particular, a cotton
bobbin net with round holes has been found to work effec-
tively as the netting 73 that forms the panel 71. Netting is
used to form the panel 71 as the netting has a plurality of
openings that alter the density of the light from the light
source 49 but does not change the quality of the light from
the light source. The quality of the light refers to the specular
nature of the light and is directly related to the clarity or
sharpness of the light. Woven or knit textile diffusion type of
fabrics are not preferable for the panel 71 as such fabrics
change the quality of the light in addition to altering the
density of the light. The netting is also usually black in color
as the black fabric portion of the netting absorbs or blocks
a portion of the light from the light source 49 and reduces the
density of the light from the light source. Other colors can
be used for the netting but other colors are not as effective
as black in reducing the density of the light from the light
source 49. As more layers of netting are used to form the
panel 71, there will be a layer reduction in the density of the
light from the light source that passes through the panel 71,
as there will be more fabric present to absorb the light. The
aperture 77 formed in the layers of netting 73 can have the
same diameter and location in the layers of netting or the
diameters of the apertures can vary between the individual
layers of netting 78 to form the panel 71. However, it is
usually desirable to have the apertures 77 have a common
center point and be concentrically positioned in the panel 71.
Although the apertures 77 have been shown as being circular
in shape it should be understood that other geometric shapes
could be used to form the apertures and as such other
geometric would change the pattern of the lighting that is
presented to the subject. It is also possible to utilize aper-
tures in the panel 77 that have different geometric shapes in
some or all of the layers of netting that form the panel.

[0016] In applications where multiple layers of netting 73
are used to form the panel 71 it is possible to create different
levels of diffusion or modification for the light by increasing
the size of the apertures 77 in the various layers of netting.
If different sized aperture 77 are utilized the light from the
light source will pass through more layers of netting as the
light moves away from the center of the panel 71 to the outer
periphery of the panel 71. The light closer to the center of the
panel 71 will pass through fewer layers of netting and
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therefore receive less diffusion or modification than the light
around the outer periphery of the panel 71. The light passing
through the open aperture 77 formed in the center of the
panel 71 will not be diffused or modified by the panel and
will have a different impact on the subject. The number of
layers of netting 73 and the size and shape of the aperture 77
can be selected to produce the desired lighting effect on the
subject. In FIG. 6 the aperture 77 in the layers of netting 73
are shown as being randomly spaced. However, in practice
it has been found to be desirable to have the layers of netting
73 that form the panel 71 be positioned so that the aperture
77 are progressively larger or smaller as light from the light
source 49 moves through the panel 71.

[0017] To further modify the light from the light source 49
is possible to position a removable baffle 85 in the interior
of the collapsible housing 13. The removable baffle 85 is
positioned in the interior of the housing so that the light from
the light source 49 must pass through the baffle before
engaging the panel 71 on the second end 31 of the housing
13. As shown in the drawings the removable baftle is a
circular piece of fabric that is connected to the sidewall 17
of the housing 13 by resilient straps 87. The resilient straps
can be removably secured to the sidewall 17 by loop and
hook type fastening means or other suitable releasable
securing means. The fabric for the removable baffle can be
white nylon or other suitable fabric that can be used to
diffuse the light from the light source 49. Although the
removable baffle 85 has been shown as being circular in
shape it should be appreciated that other geometric shapes
can be used for the baffle. The baffle can also be positioned
at different locations within the housing 13 with respect to
the light source 49 to alter the diffusion that is created by the
baffle 85. In most applications, the baffle 85 is configured
and positioned to diffuse the light that passes through the
aperture 77 in the panel 71. However, if different light
patterns are desired the baffle 85 can be of a shape or size to
impact or diffuse more or less than the light that passes
through the aperture 77.

[0018] Spill light panels 93 can be removably secured to
the second end 31 of the housing 13. The spill light panels
are formed of a fabric material that is usually similar to the
fabric utilized for the outer layer 37 of the panels 19, 21, 23
and 25 that form the sidewall 17 of the housing 13. The spill
light panels 93 can be positioned at the end of each panel 19,
21, 23 and 25 that form the second end 31 of the housing 13.
Alternatively, the spill light panels can only be secured to a
portion of the panels that form the sidewall 17. The spill
light panels are movably positioned on the housing 13 so
that the spill light panels can be moved to cover a portion of
the panel 71 located on the second end 31 of the housing 13.
The spill light panels 93 cover the portion of the panel 71
that forms the outer periphery of the light modifier 10. The
spill light panels 93 are held in the desired position with
respect to the panel 71 by straps 95 that secure to the panels
19, 21, 23 and 25. The straps 95 can be secured to the panels
by hook and loop type fasteners or other suitable fastening
means.

I claim:
1. A light modifier for lighting a subject comprising:

a housing having a sidewall; the housing having a first end
and a second end, the first and second ends being in
opposed relationship, the first end adapted to mount a
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light source in the housing, a panel positioned on the
second end of the housing, the panel having at least one
layer of netting having an aperture whereas light from
the light source passing through at least one layer of
netting has different characteristics than the light pass-
ing through the aperture whereas the light modifier
creates enhanced depth of lighting on a subject.

2. The light modifier of claim 1 wherein the panel has a
plurability of layers of netting.

3. The light modifier of claim 2 wherein the aperture is in
the center of each of the panels.

4. The light modifier of claim 3 wherein the layers of
netting have different size apertures whereby there are more
layers of netting that impact the light generated by the light
source at the perimeter of the panel than in the center of the
panel.

5. The light modifier of claim 4 wherein the layers of
netting increase in a uniform manner from the center aper-
ture to the perimeter of the panel.

6. The light modifier of claim 1 wherein an interior baffle
is positioned between the first and second ends of the
housing, the baffle acting to diffuse light from a light source
before the light reaches the second end of the housing.

7. The light modifier of claim 6 wherein the baffle is white
nylon fabric that diffuses the light from a light source.

8. The light modifier of claim 7 wherein the baffle is
removable positioned in the housing.
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9. The light modifier of claim 7 wherein the baffle is
circular in shape and is sized to diffuse all of the light
projected from a light source that passes through the aper-
ture in the panel.

10. The light modifier of claim 5 wherein the apertures in
the layers of netting are positioned concentrically in the
layers of netting.

11. The light modifier of claim 1 wherein at least one layer
of netting is made of a fabric selected from the group of
nylon, polyester or cotton.

12. The light modifier of claim 1 wherein the at least one
layer of netting is a cotton bobbin net material having the
characteristics that allow the material to be used in high heat
applications.

13. The light modifier of claim 12 wherein the cotton
bobbin net material has round holes.

14. The light modifier of claim 1 wherein at least one spill
light panel is moveably positioned on the second end of the
housing and can be positioned to cover a portion of the panel
to create different light patterns.

15. The light modifier of claim 14 wherein the spill light
panel is made of a dark fabric.

16. The light modifier of claim 1 wherein the at least one
layer of netting is made from a black fabric.

#* #* #* #* #*
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I.  List of Exhibits

Exhibit No. Description
Exhibit 1 U.S. Patent 7,841,729 (patent to be reexamined)
Exhibit 2 KR 200316985 (“Kwak™) and its translation (“Kwak Translation”)
Exhibit 3 U.S. Patent 6,238,060 (“Bourn”)
Exhibit 4 U.S. Pub. No. 2005/0151042 (“Watson”)
Exhibit 5 U.S. Pub. No. 2006/0007666 (“Cook™)
Exhibit 6 Claim chart of claims 1-9 compared to disclosures of Kwak, Bourn,

Watson, and Cook




II.  Identification of Claims for Which Reexamination is Requested

EXx parte reexamination of claims 1-9 of U.S. Patent 7,841,729 is requested pursuant to 37

CFR 1.510.



III.  Summary of Substantial New Questions of Patentability and Proposed

Rejections

In this request, a substantial new question of patentability is set forth, as summarized

below in Table I. The substantial new questions of patentability listed in Table I are based on the

references cited herein. The proposed rejections for each substantial new question of

patentability are summarized in Table III below.

A. Table I — Summary of Substantial New Questions of

Patentability
Substantial New Question (SNQ) of Patentability Page Number
SNQI. Claims 1-9 of the ‘729 patent are unpatentable under pre-AIA 35 9
U.S.C. §103 or obvious under pre-AIA 35 U.S.C. §103 over Kwak,
Bourn, Watson, and Cook
B. Table Il — Summary of References that Raise
Substantial New Questions of Patentability
Reference Short Name Previously Discussed Previously
in Office Actions? Considered On The
Record?

KR 200316985 Kwak No No
U.S. Pat. No. Bourn No No
6,238,060
U.S. Pat. Pub. Watson No No
2005/0151042
U.S. Pat. Pub. Cook Yes Yes

2006/0007666




IV. Table III — Summary of Proposed Rejections

Proposed Rejection Detailed Discussion
Page

Claims 1-9 of the ‘729 patent are obvious under pre-AIA 35 U.S.C. §103 | 23
or are obvious under pre-AIA 35 U.S.C. §103 over Kwak, Bourn,
Watson, and Cook




V. Summary of the Prosecution History of the ‘729 patent

The 729 patent was issued November 30, 2010 from U.S. App. No. 12/011,090, filed
January 24, 2008 (the ‘090 application). The ‘090 application on its face claims benefit from
U.S. Provisional App. No. 60/897,600 filed January 26, 2007. Thus, the earliest possible priority
date of the ‘729 patent is January 26, 2007.

At the time of filing, the ‘090 application included 16 claims including independent
claims 1 and 13.

The Examiner issued the first Office Action dated November 27, 2009 in which claims 1-
10 were rejected as being anticipated by U.S. Pat. 3,604,913 (“Crete”); claims 11 and 12 were
rejected as unpatentable over Crete in view of U.S. Pat. Pub. 2006/0007666 (“Cook”); claims 13-
16 were rejected as being anticipated by U.S. Pat. Pub. 2007/0139515 (“Du Breuil”).

Applicant of the ‘090 application submitted a response dated March 1, 2010 to the first
Office Action. The response canceled claims 3 and 5 and amended claims 1, 4, and 13.

The Office issued a Notice of Allowance May 12, 2010.

Applicant of the ‘090 application subsequently R312 amendment including cancellation
of claim 2 and amendments to claims 7 and 10-13. The R312 amendment was entered August 23,
2010.

The applicant submitted the Issue Fee August 12, 2010. The ‘729 patent was issued
February 17, 2023.



VI. Detailed Explanation of Substantial New Questions of Patentability

Kwak, Bourn, and Watson were not considered or listed as considered by the Examiner
during the prosecution of the ‘729 patent. As explained herein below, various combinations of
the cited references raise substantial new questions (SNQ) of patentability with respect to claims
1-9 of the ‘729 patent.

As a preliminary matter, the filing date of the ‘729 patent (or the ‘090 application) as
listed on its face was January 24, 2008 which was prior to the adaptation of the America Invents
Act (ATA). Therefore, the reexamination of claims 1-9 of the ‘729 patent is governed by the pre-
ATA 35 U.S.C. The ‘729 patent claims benefit to U.S. Provisional App. 60/897,600 filed January
26, 2007. Thus, the earliest possible priority date of the ‘729 patent was January 26, 2007.

Kwak was filed as a Korean utility model patent application April 3, 2003 and was
granted and published June 19, 2003 which was more than one year earlier than the January 26,
2007 effective filing date of the ‘729 patent. Therefore, Kwak is a pre-AIA 35 U.S.C. 102(b)
prior reference to the ‘729 patent. A certified translation of Kwak (Kwak Translation) is
provided as Exhibit 2.

Bourn is a U.S. patent granted May 29, 2001 which was more than one year earlier than
the January 26, 2007 effective filing date of the ‘729 patent. Therefore, Bourn is a pre-AIA 35
U.S.C. 102(b) prior reference to the ‘729 patent. Bourn is provided as Exhibit 3.

Watson is a U.S. patent publication published July 14, 2005 which was more than one
year earlier than the January 26, 2007 effective filing date of the ‘729 patent. Therefore, Watson
is a pre-AIA 35 U.S.C. 102(b) prior reference to the ‘729 patent.

Cook is a U.S. patent publication published January 12, 2006 which was more than one
year earlier than the January 26, 2007 effective filing date of the ‘729 patent. Therefore, Cook is
a pre-AlIA 35 U.S.C. 102(b) prior reference to the ‘729 patent. Cook was considered in the Office
action dated November 27, 2009 against dependent claims 11 and 12 (which corresponds to

dependent claims 8 and 9 of the ‘729 patent).



A. (SNO1) Claims 1-9 of the 729 patent are obvious under
pre-AlA 35 U.S.C. §103(a) over Kwak, Bourn, Watson,
and Cook

The combination of Kwak, Bourn, Watson, and Cook raises a substantial new question of
patentability with respect to claims 1-9 of the ‘729 patent because the combination, while
pertaining to the same technical field, discloses or teaches all of the elements of each of claims 1-
9.

Kwak is concerned with “a PC webcam stand with a lighting function.” See Kwak
Translation at abstract. The applicant of Kwak recognizes that “in most PC cafes, the PC
webcam is arranged on a display, so that a video chat with an opposite side can be performed”
and the associated issue that “because most users in the PC cafes use computers, the overall
lighting is darker. Therefore, the image photographed by the camera is not clear during video
chats, limiting the enjoyment of the video chats.” The invention of Kwak was made “to provide a
PC webcam stand with a lighting function, thereby enabling a photographed object to be lighted
during a video chat.” See Kwak Translation at page 2, lines 14-30 (emphasis added).

In the same and related field of illumination technology, Bourn is concerned with an
“illumination method and apparatus for machine-vision systems, including a ring-light source
(e.g., LEDs arranged in one or more circular rows), and a reflective-ring focusing element.” See
Bourn at abstract. Therefore, Bourn is in the same and related technical field of illumination
technology as Kwak.

In the same and related field of webcam and lighting, Watson is concerned with a camera
mount that “supports a web camera thereon. The mount includes a bracket for supporting a light
source thereon and a platform supported on the bracket for receiving the base of the web camera
thereon. The light source may be operable in either flash or steady-on modes to provide optimum
lighting for the web camera.” See Watson at abstract.

In the same and related field of lighting, Cook is concerned with a light modifier for
creating an enhance depth of lighting on a subject. See Cook at abstract.

Therefore, it is obvious for a person of ordinary skill in the art, if needed, to combine
Kwak, Bourn, Watson, and Cook because the combination is a “predictable variation” or a
“combination of familiar elements according to known methods .... [that] does no more than
yield predictable results,” within the same technical field and such combination is obvious under

KSR International Co. v. Teleflex Inc., 550 U.S. 398, 415-16, 82.
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Claim charts mapping the teachings of the applied references to the elements of

claims 1-9 are attached hereto as Exhibit 6 and incorporated herein by reference.

Independent claim 1

e An illuminator device for illuminating one or more users in front of a web camera

and a communication terminal comprising:

With respect to the substantial new question of patentability of the ‘729 patent, Kwak
discloses:

The present utility model relates to a PC webcam stand with a lighting function,
including: a fixing component; a connecting pipe, one side end of which is coupled to
the fixing component and through an inside of which a USB cable is extended; a
mounting component, to a bottom surface of which the other side end of the connecting
pipe is coupled, on an upper surface of which a PC webcam is positioned, and on a rear
surface of which a USB port electrically connected to the PC webcam is arranged; and a
lamp for lighting an object, arranged at a predetermined position of the mounting
component to enable the PC webcam positioned on the mounting component fo clearly
photograph the object.

According to the present utility model, the lighting function is provided to light
an object, thus enabling the object to be clearly photographed and transmitted
regardless of the brightness of the surroundings. Besides, in addition to the lighting
Sfunction, the lighting angle may be freely adjusted, thus effectively lighting the object.
Moreover, the PC webcam may be easily arranged and fixed in a detachable manner by
means of a magnetic force, and is very easy to separate, thus providing a very practical

effect. See Kwak Translation at abstract (emphasis added).

Kwas further recognizes that “in most PC cafes, the PC webcam is arranged on a display,
so that a video chat with an opposite side can be performed.” and the associated issue that
“because most users in the PC cafes use computers, the overall lighting is darker. Therefore, the

image photographed by the camera is not clear during video chats, limiting the enjoyment of the
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video chats.” The invention of Kwak was made “[t]o solve the above technical problem, the
objective of the present utility model is to provide a PC webcam stand with a lighting function,
thereby enabling a photographed object to be lighted during a video chat” See Kwak
Translation at page 2, lines 14-30 (emphasis added). Therefore, Kwak is concerned with the
same technology field and solves the same challenges as those of the ‘729 patent.

Therefore, Kwak discloses and teaches “[a]n illuminator device for illuminating one or

more users in front of a web camera and a communication terminal” recited in claim 1.
e a bulb having a toroidal shape for emitting light;

Kwak discloses:

a fixing component; a connecting pipe, one side end of which is coupled to the
fixing component and through an inside of which a USB cable (C) is extended; a
mounting component, to a bottom surface of which the other side end of the connecting
pipe is coupled, on an upper surface of which a PC webcam is positioned, and on a rear
surface of which a USB port electrically connected to the PC webcam is arranged; and a
lamp provided at a predetermined position of the mounting component to light an object
so that the object can be clearly photographed by the PC webcam positioned on the
mounting component. See Kwak Translation at page 2, line 39 — page 3, line 4
(emphasis added).

The PC webcam stand 100, as shown in FIG. 2 and FIG. 3, includes a fixing
component 10, attached to a display 1; a connecting pipe 20, one side end of which is
coupled to the fixing component 10 and through an inside of which a USB cable (C) is
extended; a mounting component 30, to a bottom surface of which the other side end of
the connecting pipe 20 is coupled, on an upper surface of which a PC webcam 50 is
positioned, and on a rear surface of which a USB port 31 electrically connected to the
PC webcam 50 is arranged; and a lighting device 40 provided at a predetermined
position on the mounting component 30 to light an object so that the object can be
clearly photographed by the PC webcam 50 positioned on the mounting component 30.
See Kwak Translation at page 3, lines 22-29 (emphasis added).

The bottom surface of the mounting component 30 is coupled to the other side

end of the connecting pipe 20. Therefore, a fastening pipe 32 is provided on the bottom

12



surface of the mounting component 30, so that the other side end of the connecting pipe
20 can be inserted. The connecting pipe 20 is fixed by a usual fastening device or
adhesive material in a state of being inserted into the fastening pipe 32. In addition, a
specified space portion is formed on the front inner side of the mounting component 30,
so that the lamp 41 can be easily arranged, and moreover, a reflecting cover 42 is
arranged behind the lamp 41, and a convex lens 43 is provided in front of the lamp 41.
In addition, a reference wall 33 is formed in a protruding manner on one side of an
upper surface of the mounting component 30 for positioning the PC webcam 50, and a
magnet or a metal plate 34 is provided on the upper surface thereof to easily fix the PC
webcam 50 according to a magnetic force. That is, when the magnet is attached to the
bottom surface of the camera 50, the metal plate is provided on the upper surface of the
mounting component 30, and when a shell of the camera 50 is of a metal material or is
attached to the metal plate, the magnet is attached to the upper surface of the mounting
component 30. In addition, a USB port 31 is provided on a rear surface of the mounting
component 30, so that the USB cable C extending through the connecting pipe 20 is
easily connected to the PC webcam 50.

The lamp 41 is configured to light the photographed object photographed by the
PC webcam 50 and receives a power supply through an electric wire of the USB cable
C. Namely, an electric wire of about 5V of the USB cable C is electrically connected in
a state that the electric wire is branched to the sides of the lamp 41 and the PC webcam
50. In addition, the lamp 41 is connected to a dimmer 44 between the lamp 41 and the
electric wire of the USB cable C, so that the brightness thereof may be adjustable. To
facilitate operation, a handle portion of the dimmer 44 protrudes from the bottom
portion of the mounting component 30. Kwak Translation at page 3, line 41 — page 4,

line 15 (emphasis added)

Therefore, Kwak discloses and teaches a bulb . . . for emitting light recited in claim 1.
Although Kwak discloses a lamp 41 without a limitation on the shape of the lamp, Kwak is silent
as to the shape of lamp 41. In the same and related technical field of illumination systems, Bourn

discloses and teaches:
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In one embodiment, the ring light source includes a ring-shaped flashtube
located substantially along a circle disposed perpendicular to and centered on the optical
axis, and further includes an enclosure having a slit located between the ring-shaped
flashtube and the ring reflector, wherein the slit allows light from the flashtube to fall on
a reflecting surface of the ring reflector. See Bourn at col. 3, line 50-56 (emphasis
added).

The present invention takes advantage of the efficiency of high-brightness red,
infra-red, blue, white, or other color LEDs arranged in one or more circular rows, and
the properties inherent to a reflective focusing element such as a turned angled
reflective ring to produce an illumination source for machine-vision systems. The
illumination source exhibits multi-directional ring-illumination properties which are
useful for illumination of small components (which are being inspected or measured)

without unwanted shadows. See Bourn at col. 2, line 32-39 (emphasis added).

A person of ordinary skill in the art (POSITA) would be motivated to substitute the lamp

41 of Kwak with the ring-shaped light because the ring-shaped light “exhibits multidirectional

ring-illumination properties which are useful for illumination” without unwanted shadows. See

Bourn at abstract and col. 2, line 32-39 for the motivation. Therefore, Kwak in view of Bourn

teaches a bulb having a toroidal shape for emitting light.

e areflector having a circular configuration to conform to the toroidal shape of said

bulb for projecting the emitted light;

Kwak discloses and teaches that a reflector 42 is provided behind the lamp 41. Further,

Bourn discloses and teaches:

The present invention provides a method and apparatus which provide an
illumination source for illuminating an object in a machine-vision system having a
machine-vision camera, the camera having an optical axis. One embodiment of the
illumination source includes a ring-light source emitting light from a plurality of points,
the points being along one or more circles, a focusing element, the focusing element
including an angled ring reflector to direct rays from the ring light source at an angle
generally towards the optical axis. One embodiment provides a replaceable ring

reflector for changing the light-source-to-optical-axis and/or changing the spread and/or
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focus of the light from ring light source. One embodiment provides light from multiple
directions in order to reduce shadowing. One embodiment provides light to illuminate
the inside of, for example, an aluminum beverage can before it is filled and sealed. See
Bourn at Col. 2, line 60 - Col. 3, line 8 (emphasis added).

Therefore, Kwak in view of Bourn teaches a reflector having a circular configuration to

conform to the toroidal shape of said bulb for projecting the emitted light recited in claim 1.

e and an arm disposed between said bulb and the terminal for connection to the

terminal;

Kwak discloses:

The PC webcam stand 100, as shown in FIG. 2 and FIG. 3, includes a fixing
component 10, attached to a display 1; a connecting pipe 20, one side end of which is
coupled to the fixing component 10 and through an inside of which a USB cable (C) is
extended; a mounting component 30, to a bottom surface of which the other side end of
the connecting pipe 20 is coupled, on an upper surface of which a PC webcam 50 is
positioned, and on a rear surface of which a USB port 31 electrically connected to the
PC webcam 50 is arranged; and a lighting device 40 provided at a predetermined
position on the mounting component 30 to light an object so that the object can be
clearly photographed by the PC webcam 50 positioned on the mounting component 30.
See Kwak Translation at page 3, lines 22-29

Then, at a position (for example, a display, a computer body, a desk lamp)
suitable for photographing the photographed object, the stand 100 is fixed by the fixing
component 10, and the flexible pipe 20 is adjusted with reference to the photographed
picture, so that the position of the PC webcam 50 is adjusted more finely. See Kwak

Translation at page 4, lines 26-29 (emphasis added).
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See also Figures 1-3 of Kwak (showing connecting pipe 20 disposed between light device
40 (including lamp 41) and the computer.
Therefore, Kwak discloses and teaches an arm disposed between said bulb and the

terminal for connection to the terminal recited in claim 1.

e wherein said bulb is positionable relative to the web camera to provide optimal

viewing of the user through the web camera.

The description of the ‘729 patent does not provide a definition for the meaning for the
term “positionable.” Further, the English dictionary does not have an entry for this term. See
Merriam-Webster’s Collegiate Dictionary, Eleventh Edition. Claim 1 of the ‘729 patent only
requires that “bulb is positionable relative to the web camera” without limiting how the bulb is
positionable relative to the web camera. Claim 4 which depends from claim 1 recites that “said
arm 1s a flexible arm that permits said bulb to be positioned relative to the web camera,”
(emphasis added), which provides one way to position the bulb with respect to the web camera.
Therefore, that “bulb is positionable” can be achieved by bending the flexible arm. Kwak in
various portions discloses that the position of its lamp 41 can be changes or positionable. See,
e.g., Kwak at page 3, lines 37-40 (“the connecting pipe 20 is preferably formed by a flexible
pipe, so that the lighting angle of the lamp 41 can be easily adjusted”). Therefore, Kwak
discloses or teaches “said bulb is positionable relative to the web camera to provide optimal
viewing of the user through the web camera.”

Kwak further discloses that “[a]nother objective of the present utility model is to provide
a PC webcam stand that allows the lighting angle to be freely adjusted.” See Kwak Translation
at page 2 at lines 31-32. Kwak further discloses “a lighting device 40 provided at a
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predetermined position on the mounting component 30 to light an object so that the object can be
clearly photographed by the PC webcam 50 positioned on the mounting component 30.” See
Kwak Translation at page 3 at lines 27-29. Kwak further states:

First, the USB cable C of the PC webcam stand 100 is inserted into the USB
port (not shown) of the computer body, and the USB cable C’ of the PC webcam 50 is
inserted into the USB port 31 in the rear surface of the mounting component 30 of the
stand 100. At this time, the PC webcam 50 and the computer body will be electrically
connected according to the USB cables C-C’. At this time, the PC webcam 50 is
mounted on the upper surface of the mounting component 30 of the stand 100. As
described above, the position the of PC webcam is determined according to the
reference wall 33. Since the assembling and disassembling can be achieved by
magnetism, the PC webcam can be easily relocated. See Kwak Translation at page 4 at
lines 18-25 (the position of the PC video camera is determined by its position on the
reference wall (33) or depending on where it is installed on the reference wall, the PC
video camera position may change easily) See Kwas Translation at page 4, lines 18-25
(emphasis added).

Kwak discloses that the position of the PC video camera can be mounted at different
positions easily by magnetic force on the reference wall and also discloses “a lighting device 40
provided at a predetermined position on the mounting component 30 to light an object so that the
object can be clearly photographed by the PC webcam 50 positioned on the mounting component
30.” Therefore, Kwak discloses and teaches that said bulb is positionable relative to the web
camera to provide optimal viewing of the user through the web camera because by adjusting the
position of the PC video camera on mounting component 30 -- thereby adjusting the relative
position between the PC video camera 30 and lamp 41, Kwak achieves a clear capture of the
subject or achieving optimal view of the user through the PC video camera.

Further, Watson in the related and same technical field discloses a camera mount for
supporting a web camera on a supporting surface and more particularly relates to a camera
mount for supporting a light source in combination with a web camera. See Watson abstract.
Figs. 1-3 of Watson shows a web camera 12 and a light bulb 44, where the camera is preferably
adjustable in position relative to the bracket. See Watson at paragraph 0017. Watson also

explicitly states that the light source is adjustable in position relative to the camera. See Watson
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claim 12. Therefore, Watson discloses and teaches said bulb is positionable relative to the web
camera.

Watson discloses that “the light source is adjustable in position relative to the camera.”
See Watson claim 12.

Watson discloses that “In some embodiments the platform 14 may be provided by itself
with the support bracket simply for supporting the camera thereon out of the way of the user. /7 is
desirable however to provide a combination of a support for lights and for a web camera to
ensure adequate lighting when using the video mode of the web camera. See Watson at
paragraph 0044.

Watson in is the same technical field of a camera mount support and illumination
technology as Kwak. A POSITA would be motivated to combine Watson with Kwak because the
POSITA would have known that adjusting the position of the light source relative to the camera
can help achieve optimum imaging. Therefore, Kwak in view of Watson discloses and teaches
that said bulb is positionable relative to the web camera to provide optimal viewing of the user
through the web camera recited in claim 1.

For at least the above-discussed reasons, Kwak in view of Bourn further in view of
Watson teaches all features recited in claim 1 of the ‘729 patent. Therefore, claim 1 is
unpatentable under pre-AIA 35 U.S.C. 103(a) over Kwak in view of Bourn further in view of
Watson.

Dependent claim 2

e wherein said reflector is positioned proximate said bulb to project light towards a

face of said user or said users.

Claim 2 depends from claim 1. As explained herein above, Kwak teaches a lighting
device 40 provided at a predetermined position on the mounting component 30 to light an object
so that the object can be clearly photographed by the PC webcam 50 positioned on the mounting
component 30 and a reflector 42 is provided behind the lamp 41. Therefore, Kwak discloses and
teaches the reflector is positioned proximate said bulb to project light towards a face of said user
or said users. Bourn teaches a focusing element, the focusing element including an angled ring
reflector to direct rays from the ring light source at an angle generally towards the optical axis.

See Bourn at Col. 2, line 60 - Col. 3, line 8.
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Therefore, Kwak in view of Bourn teaches that said reflector is positioned proximate said

bulb to project light towards a face of said user or said users recited in claim 1.

Dependent claim 3

¢ wherein said reflector is lined with a reflective material or film.

Claim 3 depends from claim 1. It is well known that a reflector is commonly lined with
reflective materials. Further, Bourn discloses:
In one embodiment, ring reflector 220 is fabricated by turning on a lathe a
blank of aluminum, stainless steel, plastic, glass or other suitable material to generate a
circularly symmetric reflective face (e.g., conical-section face 2211) (i.e., the surface of
the cross section shown is a straight line at an angle of 52 degrees from the plane of exit
opening, i.e., 38 degrees from the optical axis 299), which is then polished and/or
chrome plated to enhance its reflectivity at a wavelength of ring-light source 230. In
another embodiment, ring reflector 221 is cast, e.g., by injection molding, from a
suitable plastic, and then coated by well known methods with a reflective coating of
chrome, gold or other metal, alloy, or multiple optical coating layers to enhance its
reflectivity at one or more selected wavelengths of ring-light source 230. (These
manufacturing methods can apply to any of the ring reflectors described below.) See

Bourn at Col. 11, line 16-31 (emphasis added).

Therefore, Kwak in view of Bourn teaches that “said reflector is lined with a reflective

material or film” recited in claim 3.

Dependent claim 4

e wherein said arm is a flexible arm that permits said bulb to be positioned relative to

the web camera.

Claim 4 depends from claim 1. Kwak discloses:

One side of the connecting pipe 20 is coupled to the fixing component 10, a
USB cable extends through the inner side thereof, and the USB cable is electrically
connected to the USB port (not shown) of the computer body. In addition, the
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connecting pipe 20 is preferably formed by a flexible pipe, so that the lighting angle of
the lamp 41 can be easily adjusted. See Kwak Translation at page 3, lines 37-40.
(emphasis added)

Therefore, Kwak discloses a flexible arm that permits said bulb to be positioned relative
to the web camera. Further, Watson discloses an elongate flexible rod 42 connecting to a light
bulb 44, where the flexible rod 42 can be manually adjusted such that the light bulb is positioned
relative to web camera 12. See Watson at Figures 1 and 2; and at paragraph 0033 (“The lights 22
each include an elongate flexible rod 42 which carries wiring therethrough from a base end
received in the receptacles 38 to a free end supporting a light bulb 44 thereon. The rods 42 are
flexible and are sufficiently stiff to remain in a selected orientation once manually adjusted.”)

Therefore, Kwak in view Watson teaches that said arm is a flexible arm that permits said

bulb to be positioned relative to the web camera recited in claim 4.

Dependent claim 5

e wherein said arm is connected to the terminal by a clamp.

Claim 5 depends from claim 1. Kwak discloses a fixing component 10 attached to display
1. See Kwak Translation at Fig. 2. Further, Watson discloses:

While various embodiments of the camera are illustrated in the accompanying
figures, the common elements will first be described herein. The camera mount 10
includes a platform 14 for supporting the camera thereon. The camera includes a broad
flat supporting surface which readily accepts the base of various types of commercially
available web cameras 12 to be supported thereon. A support bracket 16 is provided
which can be mounted on a suitable supporting surface such as a wall and the like or
may be adapted for attachment to a laptop screen in some embodiments. A support arm
18 couples the platform to the support bracket for supporting the camera 12 on the
supporting surface to which the bracket is attached. A light mount 20 is provided on the
bracket 16 for supporting a light source 22 thereon. See Watson at paragraph 0029.

Turning now to the embodiment of FIG. 3, the bracket 16 is adapted to include
inverted U-shaped clips 60 which can be secured overtop of the top edge of a lap top

display monitor 62 in a snap fit engagement therewith. The remaining features of the
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bracket including the adjustable support arm 18 and light sources 22 remain identical to

the previous embodiment. See Watson at paragraph 0035 (emphasis added).

Therefore, Kwak in view of Watson teaches that said arm is connected to the terminal by
a clamp recited in claim 5. Further, it is well known in the art that a clamp is designed for and

can be used for connecting a lamp to a support.

Dependent claim 6

e wherein the clamp is movable along an edge of the terminal to adjust the location of

said bulb.

Claim 6 depends from claim 5. Kwak discloses “In the above technical structure,
although the fixing component 10 is shown attached to the display 1, the fixing component can
be attached to any position where the photographed object can be photographed during the video
chat. Therefore, an adhesive surface (for example, a double adhesive tape: 11) is arranged on the
bottom surface of the fixing component 10.” See Kwak Translation at page 3, lines 30-33. Thus,
Kwak teaches the fixing component 10 can be attached to any position on display 1. Further,
Watson discloses that “the bracket 16 is adapted to include inverted U-shaped clips 60 which can
be secured overtop of the top edge of a lap top display monitor 62 in a snap fit engagement
therewith.” See Watson at paragraph 0018 and Fig. 3 (U-shape clip 60 that is movable along the
edge of monitor 62).

Therefore, Kwak in view of Watson teaches that the clamp is movable along an edge of

the terminal to adjust the location of said bulb recited in claim 6.

Dependent claim 7

e wherein the arm has a base that supports the illuminator device on a flat surface

adjacent to the terminal.

Claim 7 depends from claim 1. Kwak discloses a fixing component 10 that corresponds
to a base that supports lamp 41 on a flat surface adjacent to display 1. See Kwak at Figures. 1

and 2 (fixing component 10 is on a flat surface adjacent to display 1).
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Therefore, Kwak discloses that the arm has a base that supports the illuminator device on

a flat surface adjacent to the terminal recited in claim 7.

Dependent claim 8

e wherein said reflector has a piece of fabric thereon disposed between said bulb and

a user's face for diffusing the light emitted from said bulb.

Claim 8 depends from claim 1. It is well known at the effective filing date of the ‘729

patent that a piece of fabric can be disposed between a light bulb and the subject for diffusing the

light emitted from the light bulb. Further, Bourn discloses:

In one embodiment, ring reflector 220 is fabricated by turning on a lathe a
blank of aluminum, stainless steel, plastic, glass or other suitable material to generate a
circularly symmetric reflective face (e.g., conical-section face 2211) (i.e., the surface of
the cross section shown is a straight line at an angle of 52 degrees from the plane of exit
opening, i.e., 38 degrees from the optical axis 299), which is then polished and/or
chrome plated to enhance its reflectivity at a wavelength of ring-light source 230. In
another embodiment, ring reflector 221 is cast, e.g., by injection molding, from a
suitable plastic, and then coated by well known methods with a reflective coating of
chrome, gold or other metal, alloy, or multiple optical coating layers to enhance its
reflectivity at one or more selected wavelengths of ring-light source 230. (These
manufacturing methods can apply to any of the ring reflectors described below.) Bourn
at Col. 11, line 16-31 (emphasis added).

The present invention provides a method and system for generating rays of light
with suitable brightness and evenness from a source surrounding, for example, the lens
of a machine-vision camera The rays are directed generally towards the optical axis of
the camera. One embodiment provides a diffuse source circumferentially such that even
extremely small objects can be adequately inspected and accurately measured by a

machine-vision system 100. Bourn at Col. 5, line 64 — col. 6, line 4 (emphasis added).

Therefore, Bourn teaches providing a diffuse source circumferentially. Although Kwak in

view Bourn further in view of Watson does not specifically teach the use of a piece of material of

fabric as a diffuser. Cook in a light modifier teaches the use of a piece of material of fabric in a
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light box as a diffuser. See Cook at paragraph 0013. It would be obvious to a person of ordinary
skill in the art at the time of the invention to incorporate the teaching of Cook and provide a
piece of fabric material as a diffuser. The reason, as stated by Cook, is to create an enhanced
depth of lighting.

Therefore, Kwak in view of Bourn further in view of Cook teaches “said reflector has a
piece of fabric thereon disposed between said bulb and a user's face for diffusing the light

emitted from said bulb” recited in claim 8.

Dependent claim 9

¢ wherein said fabric is silk or muslin.

Claim 9 depends from claim 8. Cook discloses that various materials may be diffuse
light. It is well known that silk or muslin is a type of fabric that can be used as a diffuse material.
See Cook claims 7 and 11. Therefore, Kwak in view of Bourn further in view of Cook teaches

“said fabric is silk or muslin” recited in claim 9.
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VII. Proposed Rejections

A. Proposed Rejection 1. Claims 1-9 should be rejected
under pre-AlA 35 U.S.C. §103(a) as unpatentable over
Kwak., Bourn, Watson, and Cook

Claims 1-9 should be rejected under pre-AIA 35 U.S.C. §103(a) as unpatentable over
Kwak, Bourn, Watson, and Cook.

The combination of Kwak, Bourn, Watson, and Cook raises a substantial new question of
patentability with respect to claims 1-9 as discussed above.

Elements of the above-referenced claims are item-mapped to the teachings of Kwak,
Bourn, Watson, and Cook in the claim chart attached as Exhibit 6, which is incorporated herein

by reference.
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VIII. Conclusion

For the foregoing reasons, Requester respectfully submits that reexamination should be

ordered, and claims 1-9 of the ‘729 patent should be rejected.

Please charge any shortage to our Deposit Account No. 60-2313.

Respectfully submitted,

ZHONG LAW, LLC

Date: April 22, 2025 __/Jialin Zhong/
Jialin Zhong

Reg. No.: 62,937

51 JFK Parkway, First Floor West

Short Hills, New Jersey 07078
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CERTIFICATE OF SERVICE

The undersigned hereby certifies that this ex parfe reexamination request with all appendices and
certificates was served on the patent owner by placing a copy in first class mail with sufficient

postage addressed to counsel of record for U.S. Pat. No. 7,841,729:

Finn IP Law, PC

11400 W. Olympic Blvd, 9t FL
Los Angeles, CA 90064

United States

And
Pathway IP LLC
400 Rella Blvd, STE 156
Montebello, NY 10901
United States
Date: April 22, 2025 __/Jialin Zhong/

Jialin Zhong
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The present utility model relates to a PC webcam stand with a lighting function, including: a fixing
component; a connecting pipe, one side end of which is coupled to the fixing component and through
an inside of which a USB cable is extended; a mounting component, to a bottom surface of which the
other side end of the connecting pipe is coupled, on an upper surface of which a PC webcam is
positioned, and on a rear surface of which a USB port electrically connected to the PC webcam is
arranged; and a lamp for lighting an object, arranged at a predetermined position of the mounting
component to enable the PC webcam positioned on the mounting component to clearly photograph
the object.

According to the present utility model, the lighting function is provided to light an object, thus
enabling the object to be clearly photographed and transmitted regardless of the brightness of the
surroundings. Besides, in addition to the lighting function, the lighting angle may be freely adjusted,
thus effectively lighting the object. Moreover, the PC webcam may be easily arranged and fixed in a
detachable manner by means of a magnetic force, and is very easy to separate, thus providing a very
practical effect.

Yenedone faocvony o
AL VIS

Webcam, USB cable, flexible tube, lighting, lamp
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FIG.1 is a diagram of a usage example of a PC webcam stand according to the present utility model.
FIG.2 is a main view of a PC webcam stand according to the present utility model.

FIG.3 is a sectional view of a PC webcam stand according to the present utility model.

Descriptions of numerals of main portions in the drawings

1: display; 100: stand

10: fixing component; 20: connecting component

30: mounting component; 40: lighting device
50: PC webcam

The present utility model relates to a PC (personal computer) webcam stand, and more specifically
to a PC webcam stand with an integrated lighting function.

Small cameras mainly used for video conferences or video chats through computers are usually
referred to as PC webcams.

Such PC webcam represents an image photographed by the camera in real time, and thus, it is widely
accepted.

Therefore, in most PC cafes, the PC webcam is arranged on a display, so that a video chat with an
opposite side can be performed.

However, there are the following problems when video chats are performed in the PC cafes:

Namely, because most users in the PC cafes use computers, the overall lighting is darker. Therefore,
the image photographed by the camera is not clear during video chats, limiting the enjoyment of the
video chats.
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To solve the above technical problem, the objective of the present utility model is to provide a PC
webcam stand with a lighting function, thereby enabling a photographed object to be lighted during
a video chat.

Another objective of the present utility model is to provide a PC webcam stand that allows the lighting
angle to be freely adjusted.

Yet another objective of the present utility model is to provide a PC webcam stand that the PC
webcam is easily disassembled.
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To achieve the aforementioned technical objectives, the present utility model provides a PC webcam
stand, including:

a fixing component; a connecting pipe, one side end of which is coupled to the fixing component and
through an inside of which a USB cable (C) is extended; a mounting component, to a bottom surface
of which the other side end of the connecting pipe is coupled, on an upper surface of which a PC
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webcam is positioned, and on a rear surface of which a USB port electrically connected to the PC
webcam is arranged; and a lamp provided at a predetermined position of the mounting component to
light an object so that the object can be clearly photographed by the PC webcam positioned on the
mounting component.

In addition, a reference wall is protruded on one side of an upper surface of the mounting component
to position the PC webcam, and a magnet or a metal plate is provided on the upper surface thereof to
casily fix the PC webcam according to a magnetic force.

In addition, the connecting pipe is formed by a flexible pipe, so that the lighting angle of the lamp is
casily adjustable.

In addition, the lamp receives a power supply through the USB cable, and a dimmer is further
provided between the lamp and the USB cable to adjust the brightness of the lamp.

Preferred embodiments of the PC webcam stand according to the present utility model are described
in detail below with reference to drawings.

FIG. 1 is a diagram of a usage example of a PC webcam stand according to the present utility model.
FIG.2 is a main view of a PC webcam stand according to the present utility model.
FIG. 3 is a sectional view of a PC webcam stand according to the present utility model.

Usually, a PC webcam 50 is provided on an independent stand. Preferably, as shown in FIG. 1, it is
arranged on a stand 50 attached to a display 1.

Such PC webcam 50 is electrically connected to a universal serial bus (USB) port (not shown) of a
computer body. Therefore, a photographed image is transmitted to the outside through an established
procedure and an established transmitting mode on a computer.

The PC webcam stand 100, as shown in FIG. 2 and FIG. 3, includes a fixing component 10, attached
to a display 1; a connecting pipe 20, one side end of which is coupled to the fixing component 10 and
through an inside of which a USB cable (C) is extended; a mounting component 30, to a bottom
surface of which the other side end of the connecting pipe 20 is coupled, on an upper surface of which
a PC webcam 50 is positioned, and on a rear surface of which a USB port 31 electrically connected
to the PC webcam 50 is arranged; and a lighting device 40 provided at a predetermined position on
the mounting component 30 to light an object so that the object can be clearly photographed by the
PC webcam 50 positioned on the mounting component 30.

In the above technical structure, although the fixing component 10 is shown attached to the display
1, the fixing component can be attached to any position where the photographed object can be
photographed during the video chat. Therefore, an adhesive surface (for example, a double adhesive
tape: 11) is arranged on the bottom surface of the fixing component 10. In addition, a fastening pipe
12 is provided on the upper surface of the fixing component 10, so that the connecting pipe 20 can be
inserted. The connecting pipe 20 is fixed by a usual fastening device or adhesive material in a state
of being inserted into the fastening pipe 12.

One side of the connecting pipe 20 is coupled to the fixing component 10, a USB cable extends
through the inner side thereof, and the USB cable is electrically connected to the USB port (not shown)
of the computer body. In addition, the connecting pipe 20 is preferably formed by a flexible pipe, so
that the lighting angle of the lamp 41 can be easily adjusted.

The bottom surface of the mounting component 30 is coupled to the other side end of the connecting
pipe 20. Therefore, a fastening pipe 32 is provided on the bottom surface of the mounting component
30, so that the other side end of the connecting pipe 20 can be inserted. The connecting pipe 20 is
fixed by a usual fastening device or adhesive material in a state of being inserted into the fastening
pipe 32. In addition, a specified space portion is formed on the front inner side of the mounting
component 30, so that the lamp 41 can be casily arranged, and morcover, a reflecting cover 42 is
arranged behind the lamp 41, and a convex lens 43 is provided in front of the lamp 41. In addition, a
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reference wall 33 is formed in a protruding manner on one side of an upper surface of the mounting
component 30 for positioning the PC webcam 30, and a magnet or a metal plate 34 is provided on the
upper surface thereof to easily fix the PC webcam 50 according to a magnetic force. That is, when
the magnet is attached to the bottom surface of the camera 50, the metal plate is provided on the upper
surface of the mounting component 30, and when a shell of the camera 50 is of a metal material or is
attached to the metal plate, the magnet is attached to the upper surface of the mounting component
30. In addition, a USB port 31 is provided on a rear surface of the mounting component 30, so that
the USB cable C extending through the connecting pipe 20 is easily connected to the PC webcam 50.

The lamp 41 is configured to light the photographed object photographed by the PC webcam 50 and
receives a power supply through an electric wire of the USB cable C. Namely, an electric wire of
about 5V of the USB cable C is electrically connected in a state that the electric wire is branched to
the sides of the lamp 41 and the PC webcam 50. In addition, the lamp 41 is connected to a dimmer
44 between the lamp 41 and the electric wire of the USB cable C, so that the brightness thereof may
be adjustable. To facilitate operation, a handle portion of the dimmer 44 protrudes from the bottom
portion of the mounting component 30.

Next, a working process of the PC webcam stand according to the present utility model is described
with reference to the above technical structure and drawings.

First, the USB cable C of the PC webcam stand 100 is inserted into the USB port (not shown) of the
computer body, and the USB cable C” of the PC webcam 50 is inserted into the USB port 31 in the
rear surface of the mounting component 30 of the stand 100. At this time, the PC webcam 50 and the
computer body will be electrically connected according to the USB cables C-C’. At this time, the PC
webcam 50 is mounted on the upper surface of the mounting component 30 of the stand 100. As
described above, the position the of PC webcam is determined according to the reference wall 33.
Since the assembling and disassembling can be achieved by magnetism, the PC webcam can be easily
relocated.

Then, at a position (for example, a display, a computer body, a desk lamp) suitable for photographing
the photographed object, the stand 100 is fixed by the fixing component 10, and the flexible pipe 20
is adjusted with reference to the photographed picture, so that the position of the PC webcam 50 is
adjusted more finely.

In this case, when the photographed object is darker, the lamp 41 provided on the mounting
component 30 is turned on for lighting, and the dimmer 44 is adjusted with reference to the
photographed picture, so that the brightness of the lamp 41 is adjusted, and the photographed object
can be photographed more clearly.

As a result, it enables the object to be clearly photographed and transmitted regardless of the
brightness of the surroundings.

PO N o 3 -uiva ]
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As described above in detail, according to the present utility model, in order to light the photographed
object, the PC webcam stand has the lighting function, thus enabling the object to be clearly
photographed and transmitted regardless of the brightness of the surroundings. Therefore, a user can
enjoy the interestingness of performing the video chat while watching the face of the opposite side
during the video chat.

Besides, according to the present utility model, in addition to the lighting function, the lighting angle
may be freely adjusted, thus effectively lighting the object.

Moreover, the PC webcam may be easily arranged and fixed in a detachable manner by means of a
magnetic force, and is very easy to separate, thus providing a very practical effect in terms of use.
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Claim 1
A PC (personal computer) webcam stand, comprising;
a fixing component;

a connecting pipe, one side end of which is coupled to the fixing component and through an inside of
which a USB cable is extended;

a mounting component, to a bottom surface of which the other side end of the connecting pipe is
coupled, on an upper surface of which a PC webcam is positioned, and on a rear surface of which a
USB port electrically connected to the PC webcam is arranged; and

a lamp for lighting an object, arranged at a predetermined position of the mounting component to
enable the PC webcam positioned on the mounting component to clearly photograph the object.

Claim 2
The PC webcam stand according to claim 1, wherein

a reference wall is formed in a protruding manner on one side of an upper surface of the mounting
component to position the PC webcam stand, and a magnet or a metal plate is provided on the upper
surface thereof to easily fix the PC webcam according to a magnetic force.

Claim 3

The PC webcam stand according to claim 1, wherein

the connecting pipe is formed by a flexible pipe, so that a lighting angle of the lamp is easily adjustable.
Claim 4

The PC webcam stand according to claim 1, wherein

the lamp receives a power supply through the USB cable, and a dimmer is further provided between
the lamp and the USB cable to adjust the brightness of the lamp.
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A camera mount supports a web camera thereon. The mount
includes a bracket for supporting a light source thereon and
a platform supported on the bracket for receiving the base of
the web camera thereon. The light source may be operable
in cither flash or stcady-on modcs to provide optimum
lighting for the web camera. The platform ensures various
designs of web cameras and web camera bases can be
accommodated and supported thereon. The bracket also
readily permits the camera mount to be supported on an
upright supporting surface to remove the clutter of cords
from the workspace on a desk supporting a computer
thereon.
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CAMERA MOUNT

FIELD OF THE INVENTION

[0001] The present invention relates to a camera mount for
supporting a web camera on a supporting surface and more
particularly relates to a camera mount for supporting a light
source in combination with a web camera.

BACKGROUND

[0002] 'The use of a web camera with a computer is well
known. Typically the web camera has a housing supporting
a lens therein for capturing a digital image to be recorded on
the computer and a base for supporting the housing of the
lens thereon. The web camera is typically connected to the
computer through a USB port of the computer by an
elongate cord. Various other multimedia related accessories
for the computer including microphones and speakers and
the like, also include elongate cords which can be messy and
occupy considerable desk space surrounding a computer.
Other problems typically associated with web cameras is
poor performance as a result of insufficient lighting.

[0003] Typically, web cameras are supported on an upper,
generally horizontal surface of the computer’s monitor with
tape and the like. Many current computers make use of flat
screens however which are difficult to accommodate con-
ventional web camera designs.

[0004] US patents U.S. Pat. No. 4,398,815 to Barzee et al
and U.S. Pat. No. 5,921,523 to South et al each disclose
camera mounts for supporting a camera thereon, however
neither is suitably arranged to support a conventional web
camera thereon. Neither camera mount would permit a web
camera to be supported on an upright supporting surface.
Furthermore, the prior art relating to camera mounts propose
no means [or supporting a light source suitable [or increas-
ing performance of a web camera.

SUMMARY

[0005] According to one aspect of the present invention
there is provided a camera mount for supporting a web
camera having a lens for capturing a digital image to be
recorded on a computer and a base for supporting the lens
thereon, the camera mount comprising:

[0006]

[0007] a platform supported on the bracket for receiving
the base of the web camera thereon.

a bracket for supporting a light source thereon; and

[0008] Thc usc of a bracket for supporting a light sourcc
operable in either flash or steady-on modes and a web
camera ensures sufficient lighting for optimum performance
of the web camera. The use of a platform ensures various
designs of web cameras and web camera bases can be
accommodated and supported thereon. The bracket also
readily permits the camera mount to be supported on an
upright supporting surface to remove the clutter of cords
from the workspace on a desk supporting a computer
thereon.

[0009] The camera mount may be provided in combina-
tion with the light source, wherein the light source is
supported rearward of the platform when the camera is
supported on the platform to face [orwardly.
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[0010] Preferably the light source and the camera are
independently adjustable relative to the bracket.

[0011] There may be provided switch means for operating
the light source on the bracket and/or when the light source
includes a remotely positioned power source connected to
the light source by an electrical cord, switch means may be
provided at the power source.

[0012] The light source and the camera mount are prefer-
ably connectable to a computer through USB ports. Prefer-
ably software is provided in this instance for controlling
operation of the light source and the camera independently
of one another. The software may permit operation of the
light source in various modes, [or example a [lash camera
modc or a strobe mode.

[0013] There may be provided a clamp member for clamp-
ing to an edge of a horizontal supporting surface and an
upright support slidably supporting the bracket thereon for
height adjustment relative horizontal supporting surlace.

[0014] According to a second aspect of the present inven-
tion there is provided a camera mount for supporting a web
camera having a lens for capturing a digital image to be
recorded on a computer and a base for supporting the lens
thereon, the camera mount comprising:

[0015]

surface;

[0016] a platform supported on the bracket for receiving
the base of the web camera thereon.

a bracket for attachment to an upright supporting

[0017] The camera is preferably adjustable in position
relative to the bracket, so as (o be pivotal about two axes,
oriented transversely to one another, relative to the bracket.
Additional, there may be provided a telescoping arm sup-
porting the platform on the bracket for adjusting a relative
spacing therebetween.

[0018] There may be provided a pair of inverted U-shaped
clips on the bracket for securement to a laptop monitor.

[0019] The bracket may also include a microphone mount,
a pair of speakers, or various light sources supported
thereon.

[0020] 'The platform may include a peripheral lip for
supporting the base of the camera snugly within a perimeter
of the peripheral lip in a snap-fit configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] In the accompanying drawings, which illustrate
exemplary embodiments of the present invention:

[0022] FIG. 1 s a side elevational view of a first embodi-
ment of the camera mount.

[0023] FIG. 2 is a front elevational view of the camera
mount according to FIG. 1.

[0024] FIG. 3 is a side clevational view of a further
embodiment of the camera mount for support on a laptop
monitor.

[0025] FIG. 4 is a side elevational view of a further
embodiment of the camera mount for support above a
horizontal supporting surlace.
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[0026] FIG. 5 is a side elevational view of a telescoping
embodiment of the camera mount.

[0027] FIG. 6 is a schematic view of the camera mount in
combination with a desktop computer.

DETAILED DESCRIPTION

[0028] Referring to the accompanying drawings, there is
illustrated a camera mount generally indicated by reference
numeral 10. The camera mount is suitable for supporting a
web camera 12 of the type typically connected to a computer
by suitable cable for recording either video or still images to
the computer in a digital format.

[0029] While various embodiments of the camera are
illustrated in the accompanying figures, the common ele-
ments will first be described herein. The camera mount 10
includes a platform 14 for supporting the camera thereon.
The camera includes a broad flat supporting surface which
readily accepts the base of various types of commercially
available web cameras 12 to be supported thereon. A support
bracket 16 is provided which can be mounted on a suitable
supporting surface such as a wall and the like or may be
adapted for attachment to a laptop screen in some embodi-
ments. A support arm 18 couples the platform to the support
bracket for supporting the camera 12 on the supporting
surface to which the bracket is attached. A light mount 20 is
provided on the bracket 16 for supporting a light source 22
thereon.

[0030] Turning now to the embodiment of FIGS. 1 and 2
the platform 14 includes a raised peripheral lip which snugly
receives a base 26 of the camera 12 snugly within the
perimeter of the lip 24 such that the web camera can be
securely snap-fit onto the platform. A microphone mount 28
is positioned on the bracket for supporting a microphone 30
thereon.

[0031] The support arm 18 is formed with two pivot joints
32 therein which pivot about respective axis oriented per-
pendicularly to one another. Also, the platform connects to
the free end of the support arm 18 with a ball and socket joint
so that the platform 14 can be freely positioned in various
orientations relative to the support bracket 16. The joints are
all friction joints permitting the joints to remain in a set
position once manually adjusted while additionally support-
ing the weight of the camera 12 and microphone 30 in the
selected orientation of the support arm 18.

[0032] The bracket 16 generally comprises a mounting
plate 34 having fastener apertures 36 formed therein to
permit the use of fasteners for attachment of the mounting
plate to a wall or other suitable supporting surface. Recep-
tacles 38 are supported on the mounting plate 34 for selec-
tively supporting lights 22 thereon. A pair of the receptacles
38 are provided at spaced positions on opposing sides of the
support arm 18 mounted to the bracket. The mounting plate
34 also supports a pair of switches 40 thercon which can be
wired in series with the lights 22 respectively.

[0033] The lights 22 each include an elongate flexible rod
42 which carries wiring therethrough from a base end
received in the receptacles 38 to a free end supporting a light
bulb 44 thereon. The rods 42 are flexible and are sufficiently
stiff to remain in a selected orientation once manually
adjusted. Wiring delivering power to the bulbs 44 is con-
necled through the switches 40 Lo tespective power convert-
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ers 46 formed in desk top units locating additional switches
48 therein. The elongate cords connecting the power con-
verters 46 to the bracket 16 permits the switches 48 to be
positioned remotely from the light sources 22. Adjacent the
bulb 44 of each light, a rod 50 is provided which acts as a
handle for readily positioning the bulb. A series of lenses 52
are provided which include a snap fit socket which can be
secured to the rod 50 to position the lenses to span an
opening of the housing locating each bulb 44 therein.

[0034] The bracket 16 also includes two speaker recep-
tacles 54 formed on the mounting plate which selectively
receive respective speaker mounts. The receptacles 54 are
located on opposing sides respectively of the arm 18 mount-
ing the camera thereon to permit speakers 56 to be mounted
on opposing sides of the camera and light source. Each
speaker mount generally comprises an elongate flexible
support arm with a bracket at a free end thereof for sup-
porting a respective one of the speakers 56 thereon to permit
speaker position to be manually adjusted as desired.

[0035] Turning now to the embodiment of FIG. 3, the
bracket 16 is adapted to include inverted U-shaped clips 60
which can be secured overtop of the top edge of a lap top
display monitor 62 in a snap fit engagement therewith. The
remaining features of the bracket including the adjustable
support arm 18 and light sources 22 remain identical to the
previous embodiment.

[0036] Turning now to FIG. 4 a further embodiment of the
bracket 16 is illustrated for support on a horizontal desk top
surface 66 and the like. A clamp 68 adjustably clamps over
an edge at a periphery of the desk surface 66. A pair of
mounting rods 70 extend vertically upward therefrom for
slidably supporting the support bracket 16 thereon. The
support bracket 16 in this instance includes mounting aper-
tures slidably receiving the rod therethrough. The rod in this
instance is notched at spaced positions for cooperation with
a spring loaded bearing located in the apertures of the
support bracket which receive the rods therethrough. The
bearings cooperate with the notches and the rods 70 for
selectively supporting the bracket 16 at any one of the
spaced notches along the rod similar to many conventional
click-stop mounting configurations.

[0037] Asillustrated in FIG. §, in a further embodiment of
the support arm 18, the arm may be provided with telescopic
sections 72 to permit the platform 14 to be extended away
from the bracket as desired. Preferably the telescopic sec-
tions 72 are located between the pivot joints 32 of the arm
and the platform to permit telescopic extension in any
desired direction as set by the joints 32.

[0038] As illustrated in FIG. 6 both thc camcra and the
lights supported on the bracket 16 may be coupled to the
USB ports of a computer including suitable software thereon
for controlling activation of the camera and lights indepen-
dently of one another by selecting options displayed on the
monitor using a mouse. The software control permits the
light source to be activated as a camera flash when taking
still pictures with the camera, or may cause the lights to
remain in a steady on position when using the camera for
video. Independently of camera use, the lights can also be
controlled for strobe operation or for dimming and the like.
In combination with the various lenses that can be snap-fit
onto the rod of the light sources 22, various lighting con-
[igurations are possible.
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[0039] In the various embodiments described herein, the
support arm may be extendable and provided with various
joints including knuckle joints or knee joints to permit the
camera or a mic to be readily positioned in relation to the
mounting bracket supporting the camera thereon. Various
platform designs are possible to accommodate different
styles of cameras. In some embodiments the support arm 18
may be controlled by actuators to adjust the position thereof
remotely or manually as desired. Variation of the platform
may also be accomplished to support various designs of
mics thereon.

[0040] The incorporation of speakers are also possible as
described above by either providing mounting locations on
the support bracket 16 or on the platform 14 in which case
the position of the speakers are adjustable with the camera.

[0041] When using software control, an icon may be
provided of the task bar ol the computer desktop to permit
control of the lights including dimming functions and the
like.

[0042] Installation of a chip would permit the lights to
work as a flash for still pictures powered by a computer via
USB ports and the like. The platform itself can be designed
to form various shapes representative of any desired object
of which the appearance is desirable.

[0043] By providing a camera mount according to the
present invention, much of the clutter and mess from cables
and the like are removed from the desk surface supporting
the computer thereon. Furthermore no sticky tape or other
mounting conligurations including screw holes and the like
are required to be attached to the monitor. The wires
operating the camera and light sources can instcad run along
the wall behind a desk or other supporting surface of the
computer. The camera mount also permits a web camera to
be supported in instances where flat screens previously did
not permit support of the camera at all. The lighting is
operable independently of the camera to permit lighting of
a workspace surrounding the computer as desired. The light
sources preferably operate from twelve volt transformers
which consume minimal power while permitting operation
through the computer control as desired.

[0044] In some embodiments the platform 14 may be
provided by itself with the support bracket simply for
supporting the camera thereon out of the way of the user. It
is desirable however to provide a combination of a support
for lights and for a web camera to ensure adequate lighting
when using the video mode of the web camera. The lights in
this instance are supported rearwardly of the camera (o
eliminate glare on the camera lens. In some embodiments
the bracket may be adapted to support a combination of a
camera, a microphone, light sources and speakers to permit
all wiring of accessories relating to multimedia computer
tools to be held out of the way rearwardly of the computer.

[0045] While various embodiments of the present inven-
tion have been described in the foregoing, it is to be
understood that other embodiments are possible within the
scope of the invention. The invention is to be considered
limited solely by the scope of the appended Claims.
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1. A camera mount for supporting a web camera having a
lens for capturing a digital image to be recorded on a
computer and a base for supporting the lens thereon, the
camera mount comprising:

a bracket for attachment to an upright supporting surface;

a platform supported on the bracket for receiving the base
of the web camera thereon.

2. The camera mount according to claim 1 wherein the
camera is adjustable in position relative to the bracket.

3. The camera mount according to claim 1 wherein the
camera is pivotal about two axes, oriented transversely to
one another, relative to the bracket.

4. The camera mount according to claim 1 wherein there
is provided a pair of inverted U-shaped clips on the bracket
for securement to a laptop monitor.

5. The camera mount according to claim 1 wherein there
is provided a microphone mount on the bracket.

6. The camera mount according to claim 1 wherein the
platform includes a peripheral lip for supporting the base of
the camera snugly within a perimeter of the peripheral lip.

7. The camera mount according to claim 1 wherein there
is provided a telescoping arm supporting the platform on the
bracket.

8. The camera mount according to claim 1 wherein there
is provided a pair of speakers supported on the bracket.

9. The camera mount according to claim 1 wherein there
is provided a pair of lights supported on the bracket.

10. A camera mount for supporting a web camera having
a lens for capturing a digital image to be recorded on a
computer and a base for supporting the lens thereon, the
camera mount comprising:

a bracket for supporting a light source thereon; and

a platform supported on the bracket for receiving the base

of the web camera thereon.

11. The camera mount according to claim 10 in combi-
nation with the light source, wherein the light source is
supported rearward of the platform when the camera is
supported on the platform to face forwardly.

12. The camera mount according to claim 11 wherein the
light source is adjustable in position relative to the camera.

13. The camera mount according to claim 10 wherein the
light source and the camera are independently adjustable
relative to the bracket.

14. The camera mount according to claim 10 wherein the
bracket is suitably arranged for being supported on an
upright supporting surface.

15. The camera mount according to claim 10 in combi-
nation with the light source, wherein there is provided
switch means for operating the light source on the bracket.

16. The camera mount according to claim 10 in combi-
nation with the light source, wherein the light source
includes a remotely positioned power source connected to
the light source by an electrical cord and switch means at the
POWeET source.

17. The camera mount according to claim 10 in combi-
nation with the light source, wherein the light source and the
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camera mount are connectable to a computer and wherein
there is provided software for controlling operation of the
light source.

18. The camera mount according to claim 17 wherein the
software permits operation of the light source in a flash
camera mode.

19. The camera mount according to claim 17 wherein the
camera and the light source are independently controlled by
the light source.
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20. The camera mount according to claim 10 wherein
there is provided a clamp member for clamping to an edge
of a horizontal supporting surface and an upright support
slidably supporting the bracket thereon for height adjust-
ment relative horizontal supporting surface.
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