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(57) Abrége/Abstract:

An engineered video Inspection lighting system Includes a three-dimensional array (22) of solid-state light emitting diodes (18)
focused to an inspection area. A single high-current; low-duration pulse Is applied to selected elements of the array. Light thus

generated Is passed through a diffuser (26) and to a specimen (D).

of a video camera (34) disposed In an Interior of the three-dimensional array (22).
acceptabllity of the specimen In accordance with preselected standards.
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Light reflected from the specimen is received by a lens (32)
Data thus obtained Is used to determine
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ENGINEERED VIDEO INSPECTION LIGHTING ARRAY

Background of the Invention
The subject application is related to U.S. Patents 4, 482, 498 and 5, 051, 825.

This application pertains to the art of video inspection, and more particularly
to inspection systems for a sequence of generally uniform articles. The invention is
particularly applicable to inspections of containers or components thereof, and will
be described with particular reference thereto. It will be appreciated, however, that
the invention has broader applications, such as in any video inspection environment
or machine vision system.

Machine vision systems have secured a significant presence in industry, both
in the area of robotic assembly systems as well as inspection systems to aid in quality
control. A typical vision system includes a lighting system to light a specimen, and a
camera for sensing light reflected therefrom. In a typical system, a digitized image is
formed from light, reflected from the specimen, received by the camera. This
digitized image data is then made available for controlling a robot arm, identifying
the specimen, or determining acceptability of the specimen in accordance to specified

standards.

A problem arises when inspecting specimens having curved surfaces or
interior compartments. Conventional lighting systems are ineffective for obtaining
images given that varying angles provide for mirror imaging of the light source on

the specimen or reflection of light away from the
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camera's lens. As a result, inspections of such articles

are at best i1mperfect or at worst impossible with present
systems.

The present invention contemplates a new and
improved video inspection system which overcomes the above-
referred problems, and others, and provides a video
inspection system which allows for accurate inspection of
specimens having varying contours and internal portions.

summary of the Invention
In accordance with the present invention, there is

provided a video inspection lighting apparatus which

includes a plurality of directional light generating

elements. A means is provided for securing each electronic
light generating element into a three-dimensional array
having an interior portion and an exterior portion, with
each light generating element being mounted on the interior
portion and directed to an associated lighting area. An

aperture portion is defined in one area of the mounting

means. A video camera, secured in the exterior portion of
the lighting array, has a lens extending therefrom, through
the aperture portion, generally into the interior of the
array. A means 1ls provided for supplying a current pulse
to at least a portion of the light generating elements of
the array, whereby illumination of an associlated specimen
disposed in the lighting area is accomplished.

In accordance with a more limited aspect of the
present invention, means is provided for receiving image
data from the video camera, and causing a comparison of the

“image data to data representative of an acceptable

specimen.

In accordance with a yet more limited aspect of the

present invention, means is provided for communicating
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image data obtained from the video camera to first and second signal processors. The
first signal processor has a first selected gain level and the second signal processor
has a second signal gain level different from that of the first data processor. Data
obtained from the first and second signal processors is then independently compared
to data representative of acceptability of a specimen under data obtained at the
particular gain level.

According to a further aspect of the present invention, there is provided an
engineered lighﬁng video inspection apparatus comprising: lighting means for
supplying a single high intensity, short duration light pulse to an associated
specimen; video camera means, including a lens portion, for generating image data
from received light of the light pulse into the lens portion after reflection thereof off
the associated specimen; first and second signal processor means having uniquely
detined first and second gain levels, respectively; means for communicating at ieast a
portion of the image data to the first and second signal processors, whereby first and
second processed signals are formed therefrom, respectively, from received image
data; first and second data processing means for comparing received signal data with
representative of acceptable specimens to determine acceptability thereof; and means
for communicating the first and a second processed signals to the first and second
data processors respectively.

In accordance with yet another aspect of the invention, there is provided an
engineered lighting video inspection apparatus comprising: a lighting array
including, a piurality of directed light generating elements; mounting means for
securing each element of the plurality into a three-dimensional lighting array, the
mounting means defining an interior portion and an exterior portion, wherein each
of the lighting elements is secured to the interior portion such that it is directed to an
associated lighting area, and the mounting means defining an aperture portion;
video camera means including a lens portion; means for securing the video camera
means in relation to the lighting array such that the lens portion extends through the
aperture portion, terminating in the interior portion; means for conveying a series of -
associated specimens to the associated lighting area; means for determining a
presence of each of the series of associated specimens within the lighting area; means
for selectively supplying current to the plurality of lighting elements, whereby an
associated specimen is illuminated by light resultant therefrom; means for

communicating image data generated by the video camera means from light
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reflected from an illuminated associated specimen into the lens portion thereof;
means for communicating the image data to first and second analog-to-digital
conversion means, each having uniquely defined gain levels, whereby first and
second digitized image data portions are formed; first comparing means for
comparing the first digitized image data portion to data representative of
acceptability of a specimen corresponding to digitzed data processed at a first gain
level; second comparing means for comparing the second digitized image data
portion to data representative of acceptability of a specimen corresponding to
digitized data processed at a second gain level.

An advantage of the present invention is the provision of a system which
allows for engineered illumination, and video inspection, of items having varying
contours.

Another advantage of the present invention is provision of a system which
allows for isolation of selected portions of a specimen under consideration in
accordance with lighting levels across that portion.

Yet another advantage of the present invention is a provision of a system
which allows for simultaneous comparison of images at various intensity levels
obtained from various portions of a single specimen to independently determine
acceptability thereof in accordance with preselected stahdards.

Further advantages will become apparent to one of ordinary skill in the art

upon a reading and understanding of the subject specification.

Brief Description of the Drawings

The invention may take physical form in certain parts and arrangements of

parts, preferred embodiments of which will be described in detail in this

specification, and illustrated in the accompanying drawings which form a part hereof

and wherein:
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FIGURE 1 illustrates a cross —sectional view of a system for illuminating,
acquiring data, and analyzing acquired data, for video inspection of a specimen;

FIGURE 2 illustrates, in detail, a lighting of a specimen in conjunction with
the system of FIGURE 1;

FIGURE 3 illustrates a cross-sectional view of another embodiment of a
lighting apparatus adapted for illumination of rib surfaced specimens, or the like;

and

FIGURE 4 illustrates a perspective view of a suitable construction three-
dimensional lighting array as used in the apparatuses of FIGURES 1 and 3.

Detailed Description of the Preferred Embodiments

Turning now to the figures, wherein the illustrations are for the purpbses of
describing df the preferred embodiments only, and not for the purpose of limiting
the same, FIGURE 1 illustrates a video inspection system A which includes a camera
module B, a lighting unit C, a specimen D, and a data processing system E.

In the preferred embodiment, the specimen D is brought to an illumination
area 10 by a conveyor belt or means 12. Presence of the specimen D within the
illumination area 10 is suitably determined by a position sensor 14, illustrated as a
photo sensitive detector, or other suitable tracking mechanism. In FIGURE 1, the
specimen D is illustrated as a beverage container 16, for which structure the
illustrated system 1s particularly advantageous.

The lighting unit C includes a plufality of directional electronic light
generating elements 18 which are, in the preferred embodiment, solid-state light
emitting diodes, or the like. The elements 18 together form an array 20. The light

generating elements 18 are
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secured on and directed into an interior portion of the
array 20, by a circuit board or mounting means 22. The
mounting means 22 forms a three-dimensional lighting array
having an angled vertical portion 22a and a generally

5 perpendicular portion 22b, both orientations being defined
in relation to a single longitudinal axils or optical
centerline of the camera module B. Particular
constructions of the array 20 will be more easily
visualized in conjunction with FIGURE 4, described in more

10 detail below.

Engineered lighting of specimens may be generally
accomplished by regulating a time duration during which any
or all elements are activated; regulating a magnitude of
current supplied to any or all elements: or selectively

15 enabling any or all of light emitting elements of the
array. These factors provide means by which lighting
conditions may be regulated or tuned to various specimens.
In the preferred embodiment, bank switching of light
emitting diodes is employed. That is to say, selected

20 individual banks of light emitting elements are enabled
during a specified illumination pericd. This is
accomplished by software control of the data processing
system E, as preselected by a human applicator, or
_alternatively, by automated feedback tuning in accordance

25 with a suitable feedback algorithm.

Presence of a specimen D in viewling area 10, as
sensed by position sensor 14, 1s conmunicated to the data
processing system E. This, in turn causes a single short-
duration, high-current pulse to be applied to selected of

30 the elements 18 through path illustrated at 26. Light thus
| generated from enabled elements 18 is then preferably

passed through an arcuate diffuser plate or means 26, which
diffuser has an aperture portion 28 therethrough. Light,
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rendered more uniform by a passage thereof through the ditfuser 26, is then exposed
to specimen D disposed in the illumination area 10. Light reflected from the
specimen D is then received by a lens portion 32, and there after applied to light
sensitive elements disposed within a video camera means 34 of camera module B.

Although the illustration of camera module B evidences one camera therein,
it will be appreciated that multiple camera means, sensitive along the same optical
centerline, may be utilized. This may be accomplished by use of a beam-splitter
arrangement disposed between the camera module B, and the specimen D. Such dual
camera arrangements allow for independent analysis of various subportions of a
specimen, or allow for alignment of an image in a feedback process.

In the illustrated embodiment, the lens portion 32 extends into the interior of
the three-dimensional array 20, as well as into the interior of the arcuate diffuser 26.
The lens portion 32 preferably includes a Wide angle or “fisheye” lens having a high
depth of field. This arrangement provides for maximizing the amount of light
transmitted to a specimen, optimizing the angles at which the light travels to the
specimen, and improving the integrity of a captured image.

As will be appreciated by one of ordinary skill in the art, the light thus
exposed to the video camera means creates image data representative of the
illuminated object. The image data is generated as data representative of a two
dimensional array of pixels, each pixel having gray-scale level representative of an
intensity of reflected light associated therewith. Image data is communicated from
the video camera means 34, via connection 36, to the data processing system E.

Image data passed via connection 36 in the above-described manner inclﬁdes

data representative of all salient internal portions of the specimen D. It is to be
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fealized, however, that present technology renders it
difficult to immediately extract data representative of
acceptability of an image given that various lighting
subportions of the specimen D have been subjected to
varying intensity levels, thus creating a wide swing 1n
intensities over the entire specimen. In particular, for
example, it will be appreciated that a rim portion 40 will
be subject to an overall increase in intensity, over that
of, for example, a bottom segment 42 of the specimen D.
The present invention advantageously provides a system for
allowing complete analysis of any such subportion,
notwithstanding the wide swing in intensities over the
specinmen.

To accomplish this, the image data received from
connection 36, which in the preferred embodiment 1is 1n
analog form, is passed to first and second signal
processing elements or means 44 and 46 respectively, each
of which preferably includes an analog-to-digital ("A/D")
convertor. Accordingly, image data received along a single
optical centerline, from at least one camera, 1s conveyed
to both signal process elements 44, 46.

The first and second A/D convertors of first and
second signal processors 44 and 46 each have unigue gailn
characteristics defined thereby, whereby various segments
of the image data may be seized upon for analysis. A feed-
forward line 48 is also advantageously provided for
communicating data from data processing element 50 to data
processing element 52. Such data may include alignment
data to fix a location for analysis by processing element
52 .,

In the preferred embodiment, outputs from first and
second A/D convertors are communicated to first and second

data processing elements 50 and 52, respectively. The use
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speed, parallel image analysis. Each processing element 50
and 52 provides for a comparison of acquired, now
digitized, image data to data representative of acceptable
or unacceptable specimens. In the event that it 1is
determined in either data processing element that the
specimen 1is unacceptable, this data is made availlable to
the system for rejection of the specimen at a point
downstream on the conveyor means 12 from the illumination
area 10.

Turning now to FIGURE 2, illumination of the
specimen D illustrated as beverage container 16, by virtue
of the lighting unit C of FIGURE 1 wi1ll be understood more
clearly. It will be seen from the figure that light
entering the specimen D, is provided to all portions of the
specimen. Lighting is obtained both directly, from the
light generating elements 18 (FIGURE 1), and indirectly
from the lighting generating elements 18 via internal
reflection from the walls, sides, and bottom of the
specimen. It will be appreciated from a review of the
figure that a significant portion of the light is reflected
from various portions of the specimen to the lens portion
32, such as described in more detalil above. The system
therefore provides means for acguiring data of the entire
specimen internally, sufficient to render determination of
acceptability therefrom.

Turning now to FIGURE 3, an embodiment of the
subject invention specifically well suited for inspection
of specimens which while generally planar, have ribbed or
curved extension thereon will be described. Where
possible, numeric indications have been carried forward

from FIGURE 1 to analogous structural components of FIGURE
3.
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In the embodiment of FIGURE 3, the lighting unit C includes an array of
directional lighting generating elements 18, again preferably comprised of solid-state
LEDs. The mounting means 22 includes, in addition to portions analogous to that 22a
and 22b of FIGURE 1, portions 22¢ which are disposed in an orientation generally
parallel to a longitudinal axis of video camera means 34. The construction of the
lighting array of FIGURE 3 provides for an additional number of angles at which
light from individual elements 18 may be reflected from the specimen D, illustrated
as a food can end 56, to lens portion 32 video camera 34. As with the embodiment of
FIGURE 1, an arcuate diffuser means 26 is advantageously provided between the
specimen D and the array of lighting emitting elements 18 to provide more even
bathing of the specimen.

In the embodiment of FIGURE 3, unlike that of FIGURE 1, the lens portion 32
extends only to the arcuate diffuser 26, and not within an interior defined thereby.
An Qpem'ng 60 defined by diffuser 26 is advantageously kept at a minimum size to
minimize reflections on the specimen, and to maximize available lighting to be
applied from the array. This is suitably accomplished by utilization of a pinhole lens
arrangement. The camera 34 is secured in this position via mounting braéket 62. As
illustrated in the figure, a conical lens arrangement is suitably utilized to accomplish

the desired minimization of the size of opening 60.

It will be appreciated that the structure of FIGURE 3, although not illustrated,

is advantageously applied to an environment, such as that of FIGURE 1, including

the data processing system E, conveyor means 12, and position sensor 14.

A - v q = L
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Turning now to FIGURE 4, a perspective view of a suitable fabrication
structure for mounting means 22 is presented. The perspective view attords ease in
visualization not possible by the cut-away views of FIGURES 1 and 3. From the

illustration, it will be seen that the mounting means is suitably fabricated from a

~ series of trapezoidal-shaped portions or rectangular-shaped portions, interconnected

as illustrated. The trapezoidal-shape portions are advantageously fabricated from
printed-circuit board on which the directional lighting generating elements 18 are
directly mounted. It will be appreciated that, in addition to the fabrication technique
illustrated by FIGURE 4, other techniques, such as utilization of flexible circuit board
material are also suitably provided. Such circuit board provides an ability to have
specialized, shaped or rolled, lighting arrangements to be adapted for use with a

given structure.

The invention has been described with reference to a preferred embodiment.
Obviously, modifications and alterations will occur to others upon a reading and
understanding of this specification. It is intended to include all such modifications
and alterations Insofar as they come within the scope of the appended claims or the

equivalents thereof.
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What is claimed is:

1. An engineered lighting video inspection apparatus comprising: a

plurality of directional tht generating elements;

mounting means for securing each light generating element of the
plurality into a three-dimensional lighting array, the mounting means defining an
interior portion and an exterior portion, wherein each of the light generating
elements is secured to the interior portion such that it is directed to an associated
lighting area; .
' the mounting means defining an apérture portion;
video camera means for generating image data from light exposed to a
lens extending therefrom; and

“means for securing the lens in the interior portion of the three-

dimensional lighting array such that it extends through the aperture portion; and

means for concurrently supplying a current pulse of a selected value
to each of selected light generating elements of the array to provide illumination to

the associated lighting area for illumination of an associated specimen.

2. The engineered lighting video inspection apparatus of claim 1 further
comprising:
data processor means for receiving image from the video camera
means resultant from illumination of the associated lighting area by application of

the single current pulse to the portion of light generating elements of the array;
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the data processor means including comparison

means for comparing the image data to data representative
10 of a range of acceptable image data; and

0

At

means for determining acceptability of the

associated specimen in accordance with an output of the

comparison means.,

3. The engineered video inspection system of claim
2 further comprising means for selectively altering light
generating elements forming the selected light generating

elements of the array to which the current pulse 1is
5 applied.

4. The engineered lighting video inspection system
of claim 2 further comprising:
arcuate diffuser means for selectively
homogenizing light transmitted to the associated lighting
5 area from the light generating elements, the diffuser means
defining a second aperture portion; and
means for securing the diffuser means between
the three-dimensional lighting array and the associated

lighting area such that the lens extends at least to the
10 second aperture portion.

5. The engineered lighting video inspection
apparatus of claim 4 wherein the image data generated by
the video camera means includes analog data representative
of an intensity value of each pixel of two dimensional

5 array thereof, and wherein the apparatus further comprises:
the data processor means including a first
signal processor having a first selected signal gain level,

and a second signal processor having a second selected
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signal gain level different from the first selected signal
gain level;
means for communicating the image data to the

first signal processor whereby first processed image data
is formed therefrom;

means for communicating the image data to the
second signal processor whereby second processed image data
is formed therefrom;

the comparison means including first
correlation means for correlating the first processed image
data to data representative of a range of acceptable image
data of a first portion of the associated specimen; and

the comparison means including second
correlation means for correlating the second processed
image data do data representative of acceptable image data
of a second portion of the associated specimen uniquely
defined from the first portion thereof.

6. The engineered lighting video inspection

apparatus of claim 5 wherein the first and second comparing

‘means include first and second processor elements,

respectively, and wherein the data processor means further

includes means for simultaneously enabling the first and
second processor elements.

7. The engineered lighting video inspection system
of claim 6 wherein the first signal processor includes a
first analog-to-digital convertor and wherein the second
signal processor includes a second analog-to-digital

convertor, whereby the first and second processed signals

include first and second digitized signals, respectively.
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8. An engineered lighting video inspection
apparatus comprising:
lighting means for supplying a single high
intensity, short duration light pulse to an associated
specimen;
video camera means, including a lens portion,
for generating image data from received light of the light

pulse into the lens portion after reflection thereof off
the associated specimen;

first and second signal processor means having
uniquely defined first and second gailn levels,
respectively;
| means for communicating at least a portion of
the image data to the first and second signal processors,

whereby first and second processed signals are formed

- therefrom, respectively, from received image data;

first and second data processing means for
comparing received signal data with data representative of
acceptable specimens to determine acceptability thereof;

and

means for communicating the first and second

processed signals to the first and second data processors,
respectively.

9. The engineered lighting video inspection
apparatus of claim 8 further comprising means for

simultaneously performing comparisons with the first and
second data‘processors.

10. The engineered lighting video inspection
apparatus of claim 9 wherein the video camera means
includes means for generating the image data as data
representative of a two dimensional array of pixels, each
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pixel having gray-scale level representative of an intensity of reflected light

associated therewith.

11. The engineered lighting video inspection apparatus of claim 10

wherein:

the first and second signal processor means each include an analog-
to-digital converter, whereby the first and second processed signals each include a
digitized representation of an image of the associated specimen;

the first and second data processors each include means for

comparing each of the first proce.ssed signals with digitized data representative of

acceptable specimens.

12. The engineered lighting video inspection apparatus of claim 11
wherein the lighting means includes:
a plurality of directional electronic light generating element;-
mounting means for securing each element of the plurality into a
three-dimensional lighting array, the mounting means defining an interior portion
and an exterior portion, wherein each of the light generating elements is secured to
the interior portion such that it is generally directed to the associated specimen;

the mounting means defining an aperture portion.

13. The engineered lighting video inspection apparatus of claim 12
further comprising means for securing the lens such that it extends generally to the

aperture portion from the exterior portion.
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14. The engineered lighting video inspection
apparatus of claim 12 further comprising means for securing
the lens such that it extends through the aperture portion
into the interior portion defined by the mounting means.

15. An engineered lighting video inspection
apparatus comprising:
a lighting array including,
a plurality of directed light
generating elements;
mounting means for securing each
element of the plurality into a three-
dimensional lighting array, the mounting
means defining an interior portion and an
exterior portion, wherein each of the
lighting elements is secured to the
interior portion such that it is directed
to an associated lighting area, and
the mounting means defining an
aperture portion; |
video camera means including a lens portion;
means for securing the video camera means 1n
relation to the lighting array such that the lens portion
extends through the aperture portion, terminating in the
interior portion;
means for conveying a series of associated
specimens to the associated lighting area;
means for determining a presence of each of the
series of associated specimens within the lighting area;
means for selectively supplying current to the
plurality of lighting elements, whereby an assoclated
specimen is illuminated by light resultant therefrom;
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means for communicating image data generated by the video camera
means from light reflected from an illuminated associated speéimen into the lens
portion thereof;

means for communicating the image data to first and second analog-
to-digital conversion means, each having uniquely defined gain levels, whereby first
and second digitized image data portions are formed;

first comparing means for comparing the first digitized image data
portion to data representative of acceptability of a specimen corresponding to

digitized data processed at a first gain level;

second comparing means for comparing the second digitized image
data portion to data representative of acceptability of a specimen corresponding to

digitized data processed at a second gain level.

16. The engineered lighting video inspection system of claim 15 wherein

each of the first and second comparing means included independent data ]pr(jcessors.

17. The engineered lighting video inspection system of claim 16 further
comprising means for determining acceptability of each of the series of associated
specimens in accordance with an output of at least one of the first and second

comparing means.

18. The engineered video inspection system of claim 15 further
comprising means for selectively altering light generating elements forming the

selected light generating elements of the array to which the current pulse is applied.
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