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Flat dome lights tame
reflections and shadows
In machine vision

Novel diffuse lighting design provides bright, high uniformity illumination

for difficult imaging applications.

Joe Gugliotti and Marc M. Landman

Mlumination plays a critical role in capturing
the high-quality images needed for successful
machine vision solutions. Different parts and
inspection tasks have different requirements
for lighting, There has been considerable inno-
vation in recent years in LED lighting technol-
ogy, driven in large part by growing demands
from users building more compact vision sys-
tems and inspecting difficult parts such as
those with shiny, uneven surfaces.

Providing diffuse illumination over small
and large arcas, the patented flat dome light
from CCS Inc. (Kyoto, Japan; www.ces-grp.

com} solves many of the mechanical challenges
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encountered when trying to image parts
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oddly shaped reflective surfaces.
Traditionally, imaging applica-
tions that require diffuse lighting to

mitigate poinksource reflections rely

Figure 1: A typical imaging system configuration for a
flat dome light consists of a camera, light-guiding dif-
fusion plate, LED, and a workpiece.

on standard dome lights and large
light panels with a camera hole. While these
lights suit many applications, the flat dome
light eliminates the mechanical constraints
often encountered when using these lighting
methods, making it especially advantageous
for compact vision systems and where added
flexibility in working distance and degree of

light collimation is useful.

What is a flat dome light?

The flat dome light is a 10 to 16 mm thick
flat light panel with a window that looks com-
pletely elear. The camera looks through the
flat dome, so the distance from the camera
to the light and to the object being inspected
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is not constrained by any mechanical limita-
tions (Figure 1).

Itis an edge-lit light with a dense array of very
small reflectors on the glass that direct the light
downward across the entire surface (Figure 2).
Additionally, no pointsource of light exists to
create reflections off the object being imaged
because the ]ight exits downward at all anglca
everywhere across the glass surface.

Like other approaches to creating diffuse
lighting, the flat dome light typically sits just
above the object being inspected so that the
light hits the object from all angles (Figure
3). However, without the camera hole to con-
strain the light’s position above the object, by
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Figure 2: Micro-reflectors diffuse the light
evenly.

Figure 3: Flat dome light shines down on
an object.

raising the height of the light, one can col-
limate the light more and enhance certain
features on the object (Figure 4). Doing so
makes the light behave more like a coaxial
light source, but without the light loss caused
by the two trips through the half-mirror of a
coaxial light.

Advantages over standard dome

or diffuse light panel options

Flat dome lights have the primary advan-
tage over standard dome or diffuse light panel
options due to the lack of a camera hole thata

Imaging comparison

Changing the distance
between the light and the
workpiece (LWD) enables
optimum imaging for your
applications.

Versus

Figure 5: Flexibility in working distance allows use of the most

optimal lens.

Figure 6: Combination of traditional dome light plus coaxial light to
eliminate dark spots as seen on the right.

camera needs to look through. Because of the
flat dome light's clear surface, the working dis-
tance is not limited by the physical height of
the standard dome or the vertical position of
the diffuse panel light.

This flexibility in the camera’s working dis-
tance (Figure 5) means the most ideal lens
can be used for imaging through the flat
dome light.

The lack of a camera hole also eliminates

dark spots from the camera hole appearing
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in the image, whether
on the object or in the
background. With a tra-
ditional dome light, this
dark spot can be over-

come by adding a coaxial

light on top of the dome

Lol
(Figure 6). Naturally, this
adds cost, takes up extra
space, and requires the
coaxial light to be con-
trolled and matched to
the dome separately.

Farlier versions of the
flat dome light had lim-
itations that sometimes
resulted in the appear-
ance of light reflectors
(dot pattern) in the cap-
tured image. The solution
was to ensure that the flat
dome light was not within
the camera’s depth of field.

The latest generation of the light offers
an improved light guiding plate containing
a dense pattern of tiny micro-dimple reflec-
tors. The new design virtually eliminates this
problem, yielding the advantages of a tradi-
tional dome light in a compact format with-
out the camera hole drawback (Figure 7). The
new generation flat dome light, as a result,
suits today’s high-resolution image sensors

quite well.

LWD: 200 mm
1 (Conceptual image)

Workpiece

At LWD of 10 mm, the whole
surface of the workpiece is
illuminated uniformly. The

bumps are eliminated from
the image.

At LWD of 100 mm, the bumps
and pull tab are captured.

At LWD of 200 mm, the bumps
are pull tab are emphasized.

Figure 4: Varying the light's working distance changes the collimation to emphasize different features
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LFX3-100SW (White)

LFXV-100SW (White)
F-stop: F1.8

Figure 7: New generation LFXV light virtually eliminates dot pattern, resulting in a sharp image

at all lens apertures.

Figure 8: Examples of imaging through clear plastic package (left), using diffuse ring light

(center) and flat dome light (right) are pictured here.

Figure 9: Examples of imaging through blister pack (left), using diffuse ring light (center) and flat

dome light (right) are shown here.

LFXV flat dome lights often deploy into
applications where reflections or surface irreg-
ularities need to be minimized. This article
presents a variety of typical industrial mspece-
tions where the flat dome light can turn a very
difficult inspection into an easy one.

Sample images, imaging through

clear packaging

Sample images of randomly purchased pack-
aged products were first captured with a CCS
diffuse ring light and subsequently, the CCS
flat dome light (Figure 8). These images have
not been optimized but provide examples of
possible image improvements. The angular

and round plastic packaging virtually disap-
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pears, facilitating inspection of the contents
for assembly, feature, or package verification.

In the case of a consumer product, the flat
dome image can be used to ensure all the
items have been packaged.

For blister packs, the flat dome not only
enhances the appearance of each blister, it
minimizes the texture of the package’s sur-
face, permitting the vision system to use the
registration and fear here marks to locate each
blister’s expected position (Figure 9).

Imaging a portion of a small cylinder
Avoiding unwanted reflections off a metal-
lic or shiny eylindrical surface when trying

to capture an area scan image of features on
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Figure 10: Examples of imaging a socket
wrench (left), using diffuse ring light (center)
and flat dome light (right) are shown here.

Figure 11: Examples of imaging a wire mesh
screen (left), using diffuse ring light (center)
and flat dome light (right) are shown here.

Figure 12: Examples of imaging wrinkled foil
contact lens package (left), using diffuse ring
light (center) and flat dome light (right) are
shown here.

the cvlinder, such as character strings or bar-
codes, proves to be quite a difficult machine
vision task. Tt becomes even more difficult
when the surface of the c_\]iudcr or the fea-
tures of interest on the object vary in the con-
sisteney of their appearance.

In this example, enough of the round
chrome socket can be imaged by the camera to
verify the stamped digits present on the object
(Figure 10). The characters themselves do not
reflect the light, as seen with the ring light.
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Imaging highly-specular objects

When capturing images of a wire-mesh
screen, the flat dome light eliminates the spec-
ular highlights across the scene, providing an
improved image for a machine vision system
(Figure 11).

The screen can be better inspected for

(]ammgc or inconsistent spacing of the strands.

The new flat dome light minimizes the
effect of surface texture variation, especially
on metallized film surfaces, which permits the
underlying features to be properly imaged for
automated mspection.

The lot and date codes on the foil surface
becomes fully inspectable when using the flat
dome light (Figure 12). The contact lens itself
can be detected as present.

Imaging a PCB
The flat dome light also offers an effective

solution for imaging printed circuit boards

Figure 13: The PCB imaged with ring light on the left shows glare and
missing detail, while the PCB imaged with flat dome light on the right

has reduced glare and visible details.

Figure 14: Shown here is a PCB imaged with
flat dome after contrast enhancement

(PCB). The example below shows how this
light removes glare and enhances or reveals
image detail not visible with alternative light-
ing (Figures 13 and 14).

Numerous colors and sizes

Available in sizes ranging from 25 x 25 mm
up to 300 x 300 mm, the flat dome light
can deploy into machine vision applications
involving many dif-
ferent part and con-
veyor sizes (Figure
15).
the flat dome light is

Additionally,

available in four dif-
ferent color nplious:
red, white, blue, and
infrared, with green

available on request.
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Figure 15: The flat dome light is available
up to 300 x 300 mm size, making it ideal for
many conveyor belt widths.

King of the domes

With its versatility, the flat dome light offers
systems integrators bright, shadow-free illu-
mination in a compact form factor. Further-
more, the light offers ease of integration and
has fewer restrictions in terms of the camera
height above the light. Lacking a camera hole,
the flat dome light provides high uniformity
and no dark spot images without an add-on
light source.

With the latest optical design, the nearly
invisible reflector pattern enables clearer,
brighter image capture, even with ]argcr
depths of field. The result? Many machine
vision applications that were previously diffi-

cult to solve can now be addressed. @
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