i

[V
Section 29

AUSTRALIA
Patents Act 1990

PATENT REQUEST : STANDARD PATENT

We, being the person identified below as the Applicant, request the grant of a patent to the
person identified below as the Nominated Person, for an invention described in the
accompanying standard complete specification.

Applicant:
Address:

Nominated Person:
Address:
Invention Title:

Names of actual
Inventors:

JOHNSON & JOHNSON VISION PRODUCTS, INC.
4500 Sal*~bury Road, Suite 300, Jicksenville, Florida 32216,
United States of America

As above
As above

METHOD AND SYSTEM FOR INSPECTING PACKAGES

James EBEL; Michael Francis WIDMAN; Peter W. SITES and
Peyman H. DEHKORDI

BASIC CONVENTION APPLICATION DETAILS

Applicants Names:

Application Number:
Country:

Code:

Date of Application:

James EBEL; Michael Francis WIDMAN; Peter W. SITES and
Peyman H. DEHKORDI

08/251,525

UNITED STATES OF AMERICA

US

31 May 1994

Address for service in Australia: CARTER SMITH & BEADLE, 2 Railway Parade,
Camberwell, Victoria, 3124, Australia. (Attorney Code CD)

TO: The Commissioner of Patents

Fee: $736.00

Our Ref: #17853 PRS:JL22

Dated : 30 May 1995

o

CARTER SMITH & BEADLE |
Patent Attorneys for the Applicant

EiEaas. duAcis Sy
Coa
. 3



P/00N08
Section 29(1)
Regulation 3.1(2)

AUSTRALIA
Patents Act 1990

NOTICE OF ENTITLEMENT

We, JOHNSON & JOHNSON VISION PRODUCTS, INC.

of 4500 Salisbury Road, Suite 300, Jacksonville, Florida 32216, United States of America,

being the Applicant and Nominated Person in respect of the accompanying application

entitled: METHOD AND SYSTEM FORINSPECTING PACKAGES

«.ate the following:-

(a)

(b)

(©

TO:

The Applicant and Nominated Person is the assignee of the invention from the actual
inventors.

The Applicant and Nominated Person is entitled to claim priority fiom the
basic application listed in the Patent Request form because the Nominated
Person is the assignee of the Applicants in respect of the basic application.

The basic application listed on the Patent Request Form is the first applications
made in a Convention country in respect of the invention.

Address for service in Australia: CARTER SMITH & BEADLE, 2 Railway Parade,

Camberwell, Victoria, 3124, Australia. (Attorney Code CD)

Dated : 30 May 1995

CARTER SMITH & BEADLE
Patent Attorneys for the Applicant

The Commissioner of Patents

Our Ref: #17853 PRS:JL




A

ORI

AU9520406

(12) PATENT ABRIDGMENT  (11) pocumentno. AU-B-20406/95
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 695410

(54) Title
METHOD AND SYSTEM FOR INSPECTING PACKAGES

International Patent Classification(s)

(51)* GO1M 019700 GO1V 008/20
(217 Application No. : 20406/95 (22; Application Date : 30.05.95
(30, Priority Data
(31) Number (32) Date (33) Country
251525 31.05.94 US UNITED STATES OF AMERICA

(43) Publication Date : 07.12.95
(44) Publication Date of Accepted Application : 13.08.98

(71) Applicant(s)
JOHNSON & JOHNSON VISION PRODUCTS, INC.

(72) Inventor(s)
JAMES EBEL; MICHAEL FRANCIS WIDMAN; PETER W. SITES; PEYMAN H. DEHKORDI

(74) Attorney or Agent
CARTER SMITH & BEADLE , Qantas House, 2 Railway Parade, CAMBERWELL VIC 3124

(56) Prior Art Documents
US 4549205
US 4771469
US 5229837

(67) Claim
1. A method for verifying the presence of a lens in a transparent package,

comprising:
moving the package into an inspection position;
conducting a light beam through the package and onto an image plane to form

an image of the package on the image plane; generating a set of signals representing

the image on the image plane; and
analyzing said set of signals to determine whether a lens is present in the
package, said analyzing step including

i) searching the package image for images of discrete objects,

ii) for each object image found in the package image, identifying values for a
plurality of parameters, and analyzing said identified values according to a
predetermined procedure to identify the object as a lens or as not a lens
including

a) for each of said parameters,

1) assigning a weight to the parameter, and

2) multiplying the value identified for the parameter by the weight
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assigned to the parameter to determine a weighted value for the
parameter;
b) summing the weighted values for the parameters to determine a sum; and
c) comparing said sum to a preset value to identify the object as a lens or as not
a lens,

iii)  generating a lens present signal if one object image found in the package

image is identified as a lens,
iv)  generating a lens missing signal if no object images are found in the package

image, or if all object images found in the package image are identified as

not lenses.

6. A system for verifying the presence of a lens in a transparent package,

comprising: H
a transport subsystem for moving the package into an inspection position; )

a detector comprising an array of pixels;
an illumination subsystem for generating a light beam and conducting the

light beam through the package at the inspection position and onto the array of
pixels to form an image of the package on said array of pixels;

a data value generator to assign to each of at least a group of the pixels a data

value representing the intensity of the light beam on the pixei; and
a processor to process said data values to determine whether a lens is present
in the package, the processor including
i) means to search the package image for images of discrete objects,
ii)  means to identify values for a plurality of parameters of each object image
found, and to analyze the identified values for the parameters of each object
image according to a predetermined procedure to identify the object as a lens
or as not a lens, wherein the means to identify values for the parameters
includes:
means to assign a weight to each parameter;
means to multiply the value assigned to each parameter by the weight
assigned to the parameter to determine « weighted value for the parameter;
means to sum the weighted values for the parameters for each object image L
found to determine a sum for the object image; and R
../3
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means to compare the sum for each object image found to a preset value to
identify the object as a lens or as not a lens, and

iii)  asignal generator to generate a lens present signal if one object image found
in the package image is identified as a lens; and to generate a lens missing
signal if no object images are found in the package, or if all object images

found in the package image are identified as not lenses.
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METHOD AND SYSTEM FOR INSPECTING PACKAGES

BACKGROUND OF THE INVENTION
This invention generally relates to automated

methods and systems for inspecting packages; and more
specifically[ to automated methods and systems to verify
the presence of lenses in packages.

Recently, several automated systems have been
developed for producing ophthalmic lenses, particularly
contact lenses; and for example, one such system is
disclosed in U.S. Patent 5,080,839. These systems have
achieved a very high degree of automation; and, for
instance, the lenses may be molded, removed from the
molds, further processed and packaged all without any
direct human involvement. Even with these highly
automated systems, however, normally after the lenses
are packaged, each package is inspected by a person to
verify that the package contains a lens.

This personal inspection of the lens packages
represents a significant cost, and it is believed that
the cost of the package inspection can be substantially
reduced if the inspection is done by automated means.
In addition, although these personal inspections are
highly accurate, it is believed that the reliability of
the package inspections could be made even more accurate
by employing appropriate automated inspection means to
verify the presence of lenses in the packages.
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SUMMARY OF THE INVENTION
An object of this invention is to provide an

automated system and method for inspecting packages to
verify that lenses are in the packages.

Another object of the present invention is to
inspect lens packages automatically at a rate of about
12 packages a minute to verify that lenses are in the
packages and with an error rate of less than about 1%.

A further object of this invention is to provide
an automated system for inspecting lens packages to
verify that lenses are in those packages with a false-
negative error rate of less tl.an about 1.0%.

These and other objectives are attained with a
method and system for verifying the presence of a lens
in a transparent package. The method comprises the
steps of moving the package into an inspection position,
and conducting a light beam through the package and onto
an image plane to form an image of the package on the
image plane. The method further comprises the steps of
generating a set of signals representing the image on
the image plane, and analyzing those signals to
determine whether a lens is present in the package.

This analyzing step, in turn, includes the steps of
searching the package image for images of discrete
objects; and for each object image found in the package
image, identifying values for a plurality of parameters,
and analyzing those identified values according to a
predetermined procedure to identify the object as a lens
or as not a lens. A lens present signal-is generated if
one object image found in the package image is

identified as a lens; and a lens missing signal is
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generated if no object images are found in the package
image, or if all object images found in the package
image are identified as not lenses.

Further benefits and advantages of the invention
will become apparent from a consideration of the
following detailed description given with reference to
the accompanying drawings, which specify and show
preferred embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram illustrating a

package inspection system embodying the present
invention.

Figure 2 shows a group of packages that may be
inepected in the system of Figure 1.

Figure 3 is a side view of one of the packages
shown in Figure 2.

Figure 4 illustrates a portion of a transport
subsystem that may be used in the system of Figure 1.

Figure 5 is a block diagram of an illumination
subsystem that may be used in the inspection system of
Figure 1.

Figure 6 shows an image that may be produced by
the illumination subsystem of Figure 5.

Figure 7 illustrates one of the cameras of the
system of Figure 1.

Figure 8 illustrates a typical image that may be
received by one of the cameras of the system chown in

Figure 1.
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Figure 9 shows a processing board of a processing
subsystem that may be used in the inspection system of
Figure 1.

Figure 10 shows various components of the
processing subsystem arranged in a console.

Figure 11 illustrates various communication paths

of the system shown in Figure 1.

Figure 12 outlines the major components of a
preferred image processing procedure used with the
inspection system of Figure 1.

Figure 13 outlines several image preprocessing
steps.

Figure 14 illustrates a preferred scheme of
search vectors used to search the image of Fiqure 8 for
various features. ﬂ

Figure 15 illustrates a preferred notation for ’
identifying pixels.

Figures 16A and 16B illustrate a pixel searching
technique used in the preferred processing procedure.

Figures 17A-17D show four objects that may be
encountered in a package inspection.

Figures 18A-18D show outlines of the four objects
of Figures 17A-17D that are formed by the pixel
searching technique.

Figure 19 schematically depicts the way raw
images are processed by the image processing procedure.

Figure 20 illustrates a two dimensional linear
classifier to distinguish between packages that have
lenses and those that do not.

Ry
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Figure 21 shows a multi-dimensional classifier
for distingquishing between packages that have lenses and
those that do not.

Figure 22 is a table showing data samples that
were used to determine a classifier for use in the
operation of this invention.

Figure 23 shows a table and a bar graph
illustrating the performance of a preferred embodiment

of this invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figure 1 is a block diagram illustrating package

inspection system 10; and generally, system 10 comprises

transport subsystem 12, illumination subsystem 14,
imaging subsystem 16, and image processing subsystem 20.
Figure 1 also shows lens loading mechanism or assembly
22, reject mechanism or assembly 24, controller 26, and
a plurality of groups of lens packages 30 referred to as
blisterpacks.

With the preferred embodiment of system 10,
transport subsystem 12 includes conveyor belt 32; and
illumination subsystem 14 includes hmusing 34, light
source 36, and diffuser 40. Also, with this preferred
system 10, imaging subsystem 16 includes a plurality of
cameras 42; and each of these cameras includes housing
44, pixel array 46, shutter 50, and lens assembly 52.

As shown in Fiqure 1, image processing subsystem 20
includes a plurality of processing and memory boards 54,
input means such as keyboard 56, and preferably
subsystem 20 further includes video monitor 60 and

keyboard terminal 62.
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Generally, transport subsystem 12 is provided to
move a multitude of lens packages along a predetermined
path and into a package inspection position, referenced
at 64 in Fiqure 1. Illumination subsystem 14 is
provided to generate a light beam and to direct that
beam through the lens packages moving through the
package inspection system. Subsystem 16 generates a set
of signals representing the light beam transmitted
through each inspected lens package, and then transmits
those signals to processing subsystem 20. The image
processing subsystem receives those signals from
subsystem 16 and processes those signals according to a
predetermined program; and for each inspected lens
package, subsystem 20 generates either a lens present
signal or a lens missing signal indicating,
respectively, that a lens is present or missing in the
package.

Subsystem 10 may be used to inspect a large
variety of types and sizes of packages, and Figure 2
shows a group of packages 66a-66f that may be inspected
in system 10. The packages 66 shown in Figure 2 are
connected together to form a blisterpack 30. With
reference to Figures 2 and 3, each package includes a
shell 70 that forms a cavity or recess 74. The shell 70
may be formed frcm a transparent plastic material, and
preferably the shell is sufficiently rigid to maintain
its shape under normal use. In addition, preferably,
when a package 66 is inspected, the cavity 72 of the
package is not covered.

With the group of packages 66a-66f shown in
Figure 2, lenses 76 are disposed in the cavities of
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packages 66a-66d, however lenses are missing from
packages 66e and 66f. Also, the lenses 76 in packages
66a-66f are shown in various orientations. For
instance, Figure 2 shows a plan view of the lens in
package 66a, the lenses in packages 66b and 66c are
tilted about axes extending from left to right as viewed
in Figure 2, and the lens in package 66d is tilted

slightly about an axis extending from top to bottom in
Figure 2.

System 10 may be used independent of any specific
method or apparatus for placing or depositing lenses 76
in packages 66. System 10 is well suited, though, for
use in a larger system in which lenses 76 are
automatically made, inspected, treated, and then placed
in packages 66 by robots at the lens loading mechanism ‘ﬂ
22. ‘

With reference to Figures 1 and 4, transport
subsystem 12 includes a conveyor belt 32 and a pair of
parallel rails 32a and 32b. Belt 32 is mounted on a
pair, or more, of pulleys (not shown) that support the
belt for movement around an endless path, and one of
those pulleys may be connected to a suitable drive means
(not shown) to rotate the pulley and, thereby, move the
conveyor belt around that endless path. Preferably, the
drive means is operated so that packages 66 are moved or
indexed through system 10 in a discontinuous or stepwise
manner, and in particular, each package is stopped for a
brief period of time below lens loading mechanism 22 and
below imaging subsystem 16.

When the packages 66 are held below lens loading
mechanism 22, that mechanism is used to deposit a lens
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76 in the cavity 74 of each package. Various lens
loading mechanisms are known in the art, and any
suitable lens loading mechanism may be used with the
present invention. Commonly, these lens loading
mechanisms include a robot or a robot arm, sometimes
referred to as a robot cell, that is used to carry
lenses 76 from a supply or source thereof and to deposit
those lenses in the cavities 74 of packages 56. With
the preferred embodiment of the invention, in which
packages 66 are connected together to form a
blisterpack, lens loading mechanism 22 deposits three
lenses at a time in each blisterpack. After lenses 76
have been deposited in all six cavities 74 of a
blisterpack 32, that pack is indexed, or moved, forward
into the inspection position 64. Transpor“ subsystem 12
is described in greater detail in c-vnendiny application
no. filed herewith for "Automated Inspection
System with Transport and Ejector Conveyor" (attorney
docket 9305), the disclosure of which is herein
incorporated by reference.

In addition, any suitable reject mechanism 24 may
be used in system 10. Preferably, mechanism 24 is
controlled by controller 26. More particularly, when
controller 26 receives a signal from suhsystem 20 that a
specific blisterpack is missing a lens, controller 26
actuates mechanism 26 to remove that blisterpack from
the stream of blisterpacks moving past the reject
mechanism. Ejector mechanism 24 is also described in
greater detail in the above identified copending
application no. filed herewith for (Automated
Inspection System with Transport and Ejectcr Conveyor."
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With reference to Figures 1 and 5, subsystem 14
is used to generate a light beam 80 and to direct that
beam through the packages 66 in the inspection position
64. More specifically, light source 36, which may be a
fluorescent light tube, is disposed in housing 34 and
generates light beam 80. That beam 80 is reflected off
the interior walls of housing 34, passes through
diffuser 40 and exits housing 34 via a window 82, which
may be, for example, a clear lexan cover plate.

It has been found that a specific wavelength of
illumination is not necessary in the practice of the
present invention. This is because the grey level
gradient formed by the lens edges in the packages 66 is
sufficient to detect the lens. Thus, the illumination
for system 10 may be supplied by a regular fluorescent %
light tube. | J

Most fluorescent lighting is non uniform,
however, and preferably subsystem 14 produces a light
beam having a uniform irradiance. To overcome the
irradiance irreqularities within fluorescent tube 36 and
to present to the blisterpack 30 a wider apparent
illuminated field, diffuser 40 is installed above the
fluorescent tube. Diffuser 40, which may be made of
flashed opal, helps to produce in a relatively short
distance, a light beam with the desired uniform
irradiance, allowing subsystem 14 to be located
comparatively close to conveyor belt 32.

As Figure 5 particularly illustrates, bulb 36 can
be offset from the axis formed by light beam 80 as that
beam exits housing 34, and diffuser plate 40 can be
placed at an angle not orthogonal to that light beam
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axis. The Lambertian scattering character of plate 40
then directs the radiant energy from the bulb upward
uniformly in the transverse lateral direction.
Lambert's Law states that if the luminous intensity
perpendicular to a uniformly diffusing surface S is
denoted by I, then the intensity I, at an angle normal
to that surface is given by I cos(a). This is due to
the apparent size difference in the surface section S
when viewed at an angle not orthogonal to the surface.
Thus, for a=45°, I =(0.71)I .

As shown in Figure 5, plate 40 is placed at a 45
degree angle, which according to Lambert's Law,
diminishes the maximum luminous intensity by less than
thirty percent, and distributes the energy uniformly to
within ten percent variability. 1In practice, the .
flashed opal absorbs slightly more than thirty percent é
since it is only an approximation to the perfect
Lambertian surface. The arrangement of the diffuser 40
between the bulb 36 and blisterpack 30 also serves to
increase the effective optical path between the bulb and
the blisterpack. - Ground glass has long been used in
optics to simulate distant sources, at finite
conjugates, and the flashed opal has an even greater
angular effect. Because the bulb 36 is no longer
directly beneath the blisterpack 30, only the uniformly
scattered light proceeds upward. Preferably, the
longitudinal axis of fluorescent bulb 36 is parallel to
the longitudinal axis of the blisterpacks as those
blisterpacks pass above illumination subsystem 14, and
the bulb 36 is longer than the blisterpacks, an
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arrangement that helps to produce & more uniform
illumination of each blisterpack.

Light fluctuations from image to image are
preferably eliminated. The flicker caused by the normal
60Hz ballast frequency, 0.0166 seconds per cycle, can be
picked up by the camera focal plane array when operating
at shutter speeds greater than 0.001 seconds. A high
frequency ballast from Mercron eliminates this flicker,
as it oscillates voltage at 60,000 Hz, or 0.000016
seconds per cycle. During the 0.001 second cycle of the

electronic shutter, the lamp 36 experiences 60 full
cycles in voltage, and the decay rate of the lamp
phosphor keeps the illumination constant. This solution
assumes that the voltage source for the ballast is
constant. A
The illumination subsystem 14 shown in the E
drawings produces images of packages 66 in which the
lenses 76 can be distinguished from the rest of the
packages; and for example, Figure 6 shows an image of a
blisterpack 30 that may be produced by light beam 80.
Most of the light transmitted through each package is
not attenuated, or is attenvated only very slightly, by
the package. The edges of packages 66 and cavities 74
deflect light, producing corresponding dark lines on the
image of the blisterpack. The edges of lenses 76 also

deflect light passing through those edges, likewise
forming corresponding dark areas on the image. The
portions of light beam 80 passing through the lenses 76
themselves are slightly attenuated by the lenses, and as
a result, the images of the lenses are not as bright as

i,
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the images of the non-edge portions of the lens
packages.

Imaging subsystem 16 receives the light beam
transmitted through the lens package or packages 66 in
the inspection position 64, and generates a series of
signals representing that light beam. As previously
mentioned, the embodiment of subsystem 16 shown in the
drawings includes three cameras 42, which preferably are
identical. With reference to Figure 7, in each camera
42, pixel array 46 is disposed inside camera housing 44,
directly behind shutter 50. Also, each pixel array is
preferably comprised of a multitude of light sensors,
each of which is capable of generating a respective one
electric current having a magnitude proportional to or
representing the intensity of light incident on that
sensor. Further, in the preferred operation of system
10, when a given blisterpack is inspected, each of the
three cameras 42 receives the images of a respective
pair of the six packages 66 in the blisterpack; and
Figure 8 illustrates a typical image that may be
received by one of the cameras, specifically the pixel
array thereof.

As is conventional, preferably the light sensors,
or pixels, of each pixel array 46 are arranged in a
uniform grid of a given number of rows and columns, and
for example, that grid may consist of one million pixels
arranged in approximately one thousand columns and one
thousand rows. Preferably, in that grid, the rows and
columns of the grid are both uniformly spaced apart; and
except for those pixels along the very edge of the
array, each pixel has eight immediate neighbors.
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As will be understood by those of ordinary skill
in the art, any suitable camera or cameras may be used
in subsystem 16. For instance, each camera 42 may be a
Panasonic GP-MF552 black and white CCD camera. The
camera outputs images in RS-170 mode, with 2-line
interlace. Only one of the line interlace frames is
grabbed by the image processor input in order to limit
the image size to under 200,000 pixels. Keeping the
total image size under this threshold is helpful in
sizing the required memory for the processor boards 54,
and thereby limiting the cost of the inspection and
processing system.

A 16 mm C-mount lens from Computar attaches to
the CCD camera, and a Tiffen sky filter protects the
lens and diminishes glare. The lighting subsystem 14
does not need to freeze the motion of the lens movement
underneath the camera 42, because the transnort belt 32
is indexed instead of continuously moving. Also, the
0.001 second exposure afforded by the electronic shutter
feature of the camera 42 creates an adequately sharp
image, and vibrations from neighboring robotics and
motors do not affect the image qualitv.

Processing subsystem 20 receives the signals from
imaging subsystom 16, specifically pixel arrays 46, and
processes those signals, according to a predetermined
program discussed below in detail, to classify each
package 66 as either having or not having a lens. More
specifically, the electric signals from the pixel array
46 of each camera 42 are conducted to processor board
54. The processor board converts each electric current
signal from each pixel of each array 46 into a
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respective digital data value, and stores that data
value at a memory location having an address associated
with the address of the pixel that generated the
electric signal.

Any appropriate processing unit 54 may be
employe“ in system 10; and, for instance, the processing
unit may be an IP940 Image Processor Machine Vision
Board sold by Perceptics Corp. With reference to Figure
9, this processing board has three camera inputs on a
monodigitizer board 84, and all three camera inputs
enter via a single DB-15 connector 86, and a manual
reset button 90 is provided on each cpu board.

The processor board 54 has input/output connector
92 that allows communication with up to 64 devices.

This input/output connection also communicates, via an
opto-isolation module, with robot controller 26.
Through this communication channel, the robot controller
determines when inspections incur by controlling the
indexing of the blisterpacks 30 --that is, the movement
of the blisterpacks through system 10. Also, when
system 10 detects missing .lenses, the robot controller
26. after receiving a report pack from processing
subsystem 20, communicates with reject mechanism 24 and
instructs that mechanism to reject the blisterpack
having the package with a léns missing.

Keyboard 56 is connected to processof 54 to allow
operator input thereto, and keyboard terminal 62 is used
to display visually data or messages being input into
the processor toard. Monitor 60 is also connected to
processor 54 and is provided to produce video images
from the data values stored in the processor, and this

e
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monitor may also be used to display inspection results
and totals. Preferably, monitor 60 is a high resolution
color monitor and is controlled by a Perceptics high
resolution display card, the HRD900, which is also
connected to image boards 54. An RS-232 connector on
processor board 54 allows terminal 62 to interact with
the processor board.

The individual hardware opponents of subsystem 20
are conventional and well known by those of ordinary
skill in the art. Figure 10 shows the hardware of
subsystem 20 arranged in a control cabinet. From top-
to-bottom, the cabinet includes the high resolution
display 60, the RS232 terminal 62, a shelf housing the
keyboard, a VME chassis that holds the processor board
54, and an uninterruptable power supply 94. The control
console, including the keyboard, terminal 62, high
resolution display 60, and the image processor board 54
communicate with both the robot controller 26 and the
cameras 42, and the robot controller, in turn,
communicates to the transport subsystem 12 and the
reject mechanism 24.

Communication within system 10 is illustrated in
Figure 11. Each of the cameras 42 communicates with
processor board 54, and the processor board communicates
with terminal 62 via the MUX 96 and an RS232 interface.
Moreover, the processor board 54 is connected to the
monitor 60 via the display card 100, and the processor
board communicates with cell robot 22 via an optical
isolation module 102.

As discussed above, each time a package 66 passes
through inspection position 64, light is transmitted
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through the package and onto one of the pixel arrays 46,
and each pixel of that one array generates a respective
electric output current having a magnitude representing
the intensity of the light incident on that pixel. The
output current for each pixel is converted to a digital
data value that is stored in an address in processor
board 54, and these data values are processed to
determine whether the package contains a lens.

Figure 12 shows the major components of a
preferred image processing procedure to determine
whether a package contains a lens. These components
are, generally, referred to as image capture, image
preprocessing, image segmentation, and object
classification. Generally, during image capture,
procecsor board 54 communicate with robot controller 26
to initiate the inspection process and to capture an
image. Following capture of the image, the image data
is preprocessed to determine where in the image,
processor 54 should look for a lens. Then, objects that
might be lenses are identified and measured during image
segmentation; and during object classification, a
decision is made as to whether one of these objects,

" referred to as potential lenses or lens candidates, is

in fact a lens.

Image Capture & Communications Protocol with the Robot
Interface

After sending an asynchronous message to the
controller 26 that it is ready to inspect the next
blisterpack, the image processor 54 waits for a start
signal back from the controller 26. Once that start
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signal is received, the ready signal output line from
the image processor 54 is inactivated and a package
image is grabbed --that is, the grey level intensity
information contained in each of the camera sensor
pixels is electronically transferred to the memury of
the processor board. Preferably, only one video field
of 640 columns by 240 rows of pixels is grabbed and
stored in the processor memory.

After the processor board 54 grabs the pixel
image, and while the image is further processed,
segmented, and classified in the processor memory, the
robot controller 26 waits for either a fault signal or a
result message from the processor board. The fault
signal may be used to indicate the presence or
occurrence of one or more conditions that might hinder
the ability of system 10 to inspect accurately a package
66. For example, a fault signal may be generated in
case the lighting from illumination subsystem 14 does
not have the desired intensity, which might result in a
poor image on the pixel array. This might occur when
the camera 42 malfunctions, when the light bulb 36 has
been turned off, or does not produce the desired
intensity of light or when the transport mechanism has
jammed multiple packages below the camera. To ensure
that the blisterpack is not passed under these
circumstances, the entire blisterpack is rejec!«d.

If processing subsystem 20 completes the
processing of the grabbed image, then the processing
subsystem transmits to robot controller 26 the result of
the package inspection, which is to cateyorize the lens
that should be in the package, as either "present" or

e




WA

10

15

20

25

30

35

..18..

"missing." This result is transmitted over opto-

isolated circuits to the robot controller.

Image Preprocessing

As generally outlined in Figure 13, during image
preprocessing, the package is found, a processing mask
is generated, and the position of the conveyor belt is
verified. It is important to know the position of the
conveyor belt because if the belt is within the
processing mask placed inside the bowl of the package,
the belt may be considered a lens.

a) Locating the package

The first task performed on the captured image is
to locate the package in the image, and this is done by
means of a procedure referred to as the package locator
algorithm. This task is performed because, although
there preferably is an image in memory, replete with all
the necessary information, the processor cannot
determine where to search for a lens in the image
without first assessing certain image features. Figure
14 illustrates a preferred scheme of search vectors
employed in the search for package features. The first
step performed is to locate the center line of the two
packages in the image. This line is referred to as the
package break and identified in Figure 14 as the line
X1X2. In order to find this center line, the processor
searches, in opposite directions, along two search
vectors Al and Bl. These vectors are actually 3 x 3
edge operators.

Using these operators for a given pixel of
interest, the image processor 54 determines if that
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particular pixel is on the edge of a gradient.
Equations (1) and (2) below reveal how an edge operator
calculates the gradient in both “he vertical and
horizontal directions for each pixel PLj. A spatial
explanation of these operators, may be understood with
reference to Figure 15, which illustrates the two
dimensional mapping around the pixel of interest and its
near neighbors. The subscripts i and j denote the unit
vector direction of the rows and columns, respectively,
in the image coordinate frame of reference. This frame
of reference is the mirror image of the traditional two
dimensional xy-plane, and the rows increase in the

downward i-axis.

Horizontal Operator = P, ;.. *2P,; ., s* Py 50 (Piy g0y * 2Py 5* Pioy jurs (1)

Vertical Operator = P;, ;. *22; ;o *Pouy, 5= (P iy 2P, 31 * Piay, i) (2)

In matrix notation, the vertical operator of
Equation (1) is a 3 x 3 kernel, and.may be used to find
gradients in the left to right direction across the
image. The horizontal operator of Equation (2) is also
a 3 x 3 kernel in matrix notation, and may be used to
test for gradients occurring in the top to bottom
direction across the image. These kernels, which
operate on the image matrix, are provided in Equations
(3) and (4).

-1 01
Vig={202 (3)
-1 0 1

A~
Y
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-2 -1
0 o (4)
2 1

1 |-1
Hi'j =1C
H
The forms of the matrices in Equations (3) and
5 (4) show which is the vertical and which is the
horizontal operator. Also, in these matrix forms, one
side of each matrix is negative, and one side of each
matrix is positive. This generates a gradient detector
which is direction sensitive. Thus if Pi'j lies on the
10 border of an edge feature, say that of the package line
X1X2 in Figure 14, the sign of the resulting gradient
value, given by Equation (5) below, indicates whether
the pixel is on the left or the right side of the
border.

15
Gradient Value ='G,, 4 = Py ,V, , (5)

The preferred algorithm used in the present

invention employs the convention that brighter pixels

20 have higher absolute values, within, for example, an
eight bit brightness scale. BAll the values are between
0 and 255. Thus, for P, , on the right side Qf a dark
border, a positive gradient, Gy 4
the left side of that dark border, a negative gradient

25 is expected. This ability to distinguish which side of
an edge feature the search vector has encountered serves
as an additional verification that the correct package
border has been located. The switch in gradient sign in
the vector search path indicates border presence.

is expected, while on

35 -
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Accurately locating the package border improves
the effectiveness of the inspection. To elaborate, in
order to minimize the amount of memory used in the later
stages of the processing, only a portion of the package
image is searched for a lens. This portion of the
package image is the area thereof that is covered by a
mask having a preset size and shape and that, in effect,
is superimposed on the package image. The mask itself
is positioned on the package image by locating the mask
preset distances from certain package features or
borders. 1If the mask is incorrectly placed in the
package image, then a normal package feature could be
mistaken for a lens. Proper placement of the mask
depends on accurately locating the package features used
to position the mask, and, with the preferred embodiment o
of the search process, on the accuracy of the search ‘ﬂ
along vectors Al and Bl.

Sometimes a single search vector may not yield
positional data for the package feature with the desired
preciseness. For example, if a water drop falls onto
the blisterpack so as to intercept .either.of the . . i
converging search vectors Al and Bl, then the processor j
board 54 might not precisely determine the thickness of
the line X: For that reason, redundancy is built
into the sea..n algorithm. For example, three pairs of
search vectors may be employed to find the edges of the
line X1X2. 1If the first pair Al, Bl encounters
interference from a water drop, then the image processor

uses a second pair of vectors A2, B2. If the second {
pair fails to identify the package edge, then the
algorithm uses a third pair A3, B3 to find that edge.

e
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In order to determine whether cne pair of these
vectors is sufficient to find line X1X2, the difference
between the end points of vectors Al and Bl may be
compared to a threshold for the expected thickness of
the line X1X2. For example, if the endpoints of Al and
Bl are spaced apart by greater than four pixels more
than the expected thickness of line X1X2, then the
second pair of search vectors may be activated. It may
be noted that horizontal and vertical pixel resclution
is different in this vision application, so vertical
tolerances may differ from the horizontel tolerances in
pixel magnitude due to sensor geometry.

After an initial determination is made of the
location of line X1X2, the location of that line is
double checked by searching along a second set of
vectors Gl, G2, G3, and H1l, H2, H3. The search along
vectors Hn and Gn is conducted in the same way as the
search along the vectors An and Bn. However, the Hn and
Gn vectors may be placed mcre accurately -than the An and
Bn vectors --that is, the search along the Hn and Gn
vectors may start closer, than thz search along the
vectors An and Bn did, to th2 package edge-- since more
is known about the package location at that point, and
in particular, more is known about the location of the
line X1X2.

The position of the top of the package --and
specifically, the position of the top of the package
along a y-axis-- is found by searching downward along
one or more vectors, such as the YDn and YCn vectors
shown in Fiqure 14. After finding the horizontal edge
to the package top, a first vertical or longitudinal
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edge of the cavity or well 72 of the package is found.
In Figure 14, this edge is designated as Z22Z3, and it
may be found by searching along one or more search
vectors, such as the Fn vectors shown in Figure 14. The
starting points of these Fn vectors can be determined
very accurately, due to the known positions of X1X2 and
Y1Y2; and as shown in Figure 14, the starting location

for the Fn vectors is between two closely spaced package
features.

b) Setting the mask area inside the bowl

Once the line segments Y1Y2 and Z2Z3 are found, a

first point of a processing mask or template is
calculated. This first point of the mask is offset a
respective given distance from each of the lines Y1Y2
and Z2Z3; and more specifically, a Y offset is added to (1
the row coordinate of the Y1Y2 line, and a Z offset is l
subtracted from the column coordinate of the Z1zZ2 line.
In Figure 14, this Y offset is labeled L3, and this
offset is referred to as the parameter "Al row_ofs"; and
the Z offset is labeled L1 in Figure 14 and is referred
to as the parameter "Al col ofs." Preferably, these
parameters are user accessible constants --that is, a
user has access to and can change the values of these
constants.

After this first mask point is determined, a
plurality of additional points that define the mask are
determined. For example, as illustrated in Figure 14,
nine points may be used to define the mask. The
locations of the eight additional mask points may be
determined, for instance, by storing nominal address
locations for all of the mask points in the memory of
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processor 54, determining the offset between the actual
and nominal locations of the first mask point, and then
adding that same offset to the nominal locations of each
of the additional mask points. Equations (6) and (7)
below mathematically express this procedure for
determining the second point of the mask.

A2 _ €BBRAM - (Al - Al,,EBBRAM)

Irow

Azmv
A2, €BBRAM - Al + Al €BBRAM (6)

nu

(7)
A2, = A2_,€BBRAM - (Al - Al_, €BBRAM)
A2_,€BBRAM - Al_, + Al,, €BBRAM

Similar equations are used to determine the row
and column locations of each of the additional mask r
points, which in the preferred embodiment of the /

Also, the pixels on a nominal perimeter of the
mask may be stored in the processor memory. This
nominal perimeter may be determined mathematically from
the nominal addresses of the nine points that define the
mask. Alternatively, a graphical program may be used to
enter this nominal perimeter into the processor memory.
For instance, a display may be produced on input monitor
62 showing the locations of the nine points that define
the mask, and a cursor may be moved among those points,
tracing the mask perimeter. As the cursor moves from
pixel to pixel, the address of each pixal on the mask
perimeter, as traced by the cursor, may be added to the
processor memcry. The actual perimeter of a mask that !

B
S,

is superimposed on any actual image, can then be
determined by adding to each pixel address of the

i
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nominal mask perimeter,'the above-mentioned y and z
offsets calculated for that particular image.
algorithm are designated as points 3 through 9.

c) Verifying the belt location

As shown in Figure 14, an outline of the conveyor
belt 32 may appear on the image formed on the pixel
array 46. If the belt 32 intrudes into the mask area,
then the belt may be considered as a lens by the image
processor 54. In order to prevent this from happening,
the mask area is made smaller than a maximum allowable
area, so as to provide a tolerance for the position of
the conveyor belt. Also, the position of the belt is
detected in the image by searching along search vectors
such as those shown at In in Fiqure 14. Once the search
along the vectors In identifies points, or pixels, on
the top edge of the belt, those pixels are fit with a
line. This line represents the top edge of the conveyor
belt; and if this line crosses the mask boundary at any
point, then an error signal is generated and the
blisterpack is failed. Preferably, this condition only
occurs in case the belt 32 moves from its normal

position.

Image Segmentation

Next, in a process referred to as segmentation,
the area of the image inside this processing mask is
divided into smaller parts and objects within that image
area are identified. With the preferred algorithm used
in system 10, the image is segmented according to abrupt
changes in grey level. Singular points or lines are not
as important to find as are whole edges of objects.

[k oenms T"T"v‘-‘""‘" s
3
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a) Edge detection

In vector representation, the image seen by, or
produced on, the camera pixel array 46 can be described
as a function of the row and column position on the
sensor. In order to differentiate objects from
background noise in the image, a gradient operator is
used. The preferred algorithm looks, first, for edges
within the image area and then analyzes those edges to
determine if one might be the edge of a lens.

The preferred method employed to look for edges

inside the mask area is an approximation of a two
dimensional partial differentiation of the image array
of luminance values, or grey levels, of the image
function f(x,y). The two dimensional gradient of the -
image can be represented by the following vector

formula.
gg
Glf(x, )1 = | | =%
6| = | et (8)
dy

The magnitude of the gradient vector can be
approximated by the sum of the absolute values of the
two partial derivatives of the image function.

G[ f(X. Y) ]ugnjcudg = V ze + Gy? = |GXI + IG}" (9)

A horizontal and vertical operator, known as the
Sobel operator, can be obtained by substituting the
vertical and horizontal edge operators Vi and HLjfor G,
and Gf

NS
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Sobel Operator (Horizontal +Vertical) =|Vij +|H

54 (10)

vy and th can themselves be determined from the
3 x 3 kernel operators given in Equations (3) and (4).
The absolute values of th and Hi'j are used by
the Sobel operator, and therefore this operation is not
sensitive to the direction of the gradient with respect
to the point of interest Phj. It is not necessary for
the Sobel operator to be direction sensitive because the
lens edges are so varied in their position and direction
that no preferred geometry exists to be detected.
Hence, none of the simple techniques used in
semiconductor industry, such as wafer inspection using a
golden image approach, would work effectively with a
contact lens. Full image segmentation and
classification, not simple pattern matching, is required
to detect a lens in package 66.

The use of the processing mask saves greater than

a million mathematical operations per image, and allows
the inspection of the blisterpacks 30 to occur within a
relatively small amount of time. To elaborate, the
Sobel operator requires that two 3x3 kernels be added
together for every point in the image. A single 3x3
kernel operating on or convolving with a 640 x 240 image
matrix would require 1,398,276 operations, --that is, 9
operations on each of 642 x 242 memory locations. The
processing mask is placed where the lens is expected to
exist, and for example, may occupy less than 3,200
pixels, which need fewer than 31,000 operations per 3x3
kernel. The Sobel edge operator actually performs 19
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operations per pixel, which totals slightly more than
64,500 operations for the 3,200 pixels covered by the
mask. As will be appreciated by those of ordinary skill
in the art, in order to use effectively this
comparatively small pixel area to determine whether a
package has a lens, it is important that the processing
mask be accurately located. This in turn requires that
the package features that are used to position the mask,
be accurately located.

b) Object tracking

Once the edges of the objects within the mask
area are identified, 1}2 algorithm organizes the edges
into objects. Any suitable connedtivity procedure may
be used to do this, and for instance, the edges may be
organized into objects using a technique that may be

referred to as eight connectivity analysis. In this
technique, when a first pixel is found that is an edge
of a particular object, the eight immediate pixel
neighbors of that pixel are searched, in a uniform
direction, for a second edge pixel. 1If a second edge
pixel is found, it is considered to be on the edge of
the particular object, and, also, the process is
repeated and the eight immediate neighbors of this
second edge pixel are searched, in the uniform
direction, for a third edge pixel. This process is
repcated --a procedure referred to as tracking the edge
or tracking the object-- until either an end of the edge
is found, or the edge formed by these identified edge
pixels forms a closed loop, and more specifically, that
edge returns to the first edge pixel of the particular

object.
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Figures 16A and 16B illustrate this eight
connectivity analysis in greater detail. 1In Figures 16A
and 16B, each pixel is represented by a point, to better
illustrate the search around each pixel. Figure 16A
shows a first pixel, PL)’ that has been identified as
being on an object edge. The eight immediate pixel
neighbors are searched, in a counterclockwise direction

starting from the pixel immediately above P for a

’

pixel that has a grey level above a predete:;ined

threshold. The first pixel that is found that meets

this test is considered as the next edge pixel, which in

the example of Figure 16A is pixel deq‘
At the next step, illustrated in Figqure 16B, the

eight immediate pixel neighbors of Phjn are searched

--again, in a counterclockwise direction starting from “ﬂ

the pixel immediately above P - for a pixel that (i)

1,341
has a grey level above the pre;etermined threshold, and
(ii) was not the pixel at the center of the immediately
preceding search. The first pixel that is found that
meets this test is considered as the next edge pixel;
and in the example shown in Figure 16B, that next edge

pixel is P This trackinc procesc continues until

1,302°

either the search returns to pixel P or a search

’
around a given pixel fails to identi¥; any next edge
pixel.

With the above-described procedure, the pixels
that are identified as being on the edge of a specified
object form an edge or outline of what is referred to as
the tracked object, and the shape of the tracked object
may be different from the shape of the original image

object that was the basis of the tracking process. This
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is the result of the fact that, in the above-described
eight connectivity analysis, a pixel may be identified
as an edge pixel even though it is not actually on the
edges of the image of the object. From this first off-
edge pixel, the algorithm may continue to track off the
actual edge of the image of the object until returning
to that actual edge.

More specifically, this is due to the fact that
the contrast, or the difference in the grey values,
between the edge of the image of an object, and the
areas of the image immediately adjacent the object edge,
varies along the object edge. When that contrast is
high --in which case the edge of the object is described
as strong-- the eight connectivity analysis tracks along
the object edge. However, when that contrast is low
--in which case the edge of the object is referred to as
weak-- the eight connectivity analysis may identify an
edge pixel as a non edge pixel.

The possible difference between the actual edge
of an image of an object and the tracked edge may be

Ofurther understood with reference to Figures 17A-17D and

18A-18D. Figures 17A-17D show four typical objects that
may be detected in the lens packages, and Figures 17A-

17D show the tracked edges that are obtained by tracking
along the edges of the objects of Figures 17A-17D using

25the above-discussed eight connectivity analysis.

30

All of the objects shown in Figures 17A-17D are
images of lenses; however, Figures 17A and 17C show
images of unfolded lenses, and Figures 17B and 17D show
images of folded lenses.

35
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Also, the entire edges of the objects shown in

Figures 17A and 17B are strong; whiie the edges of the
objects shown in Figures 17C and 17D have strong and
weak portions. Because of their shapes and the strength
or weakness of their edges, the objects illustrated in
Figures 17A-17D are referred to, respectively, as an
unfolded lens, a folded lens, an unfolded lens with a
weak edge, and a folded lens with a weak edge.
Preferably, as illustrated in Figures 17A-17D, the

10 object edges are tracked counterclockwise. Some
segments of the lens edges shown in Figures 17A-17D are
lost or eliminated in tracking, resulting in the
crescent or arched shaped tracked object shown in
Figures 18C and 18D. Only lenses found by the Sobel

15 cperators and resulting in gradients greater than a

given value referred to as "edge_thr" are kept in the

memory of processor 54. Lenses partly positioned

outside of the mask area will not exhibit an edge

feature at the border of the mask.

Because the entire edges of the objects shown in
Figures 17A and 17B are strong, the eight connectivity
analysis tracks along the actual edges of the objects
over the entire edges thereof, as shown in Figures 182
and 18B. The eight connectivity analysis also tracks
along the strong portions of the edges of the Jbjects
shown in Figures 17C and 17D; however, when this
connectivity analysis reaches a weak portion of the
edges of these objects, the analysis tracks off those

actual object edges, along the image edges formed by the

20

25

stronger gray level gradients.
30 wWhen a lens is released by robot 22, the lens may
strike package 66 preferentially on one side. The free

35
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edge of the lens that is still in flight, still
conserving angqular momentum, may fold over on the
portion of the lens attached to the package. Figure 17B
shows the edge of such a folded lens as it may appear in
the package image formed on one of the pixel arrays 4§,
and Figure 18B shows the outline that is formed as the
lens edge is tracked by the object tracking routine. As
generally illustrated in Figure 19, in the eight
connectivity algorithm, only the general outline of the
lens shape is determined. The shapes are filled in
during the next step, object labeling.

A second type of image distortion results in the
segmentation of a crescent shaped object, even though
the lens is wholly within the mask field of view.

Object tracking will fail to follow weak edges. Excess
water on the lens, for instance, may tend to smooth the
contact between lens and package. This in turn lessens
the contrast visible at the wet edge of the lens. A
similar distortion- occurs -if-.-a lens lies partially--. .. ..
outside the mask boundary. Where the lens crosses the
spatial boundary of the mask no physical lens edge
exists to refract light differentiallv from one pixel to
another. Thus, there is little edge signal to find.
There are also smaller amplitude fluctuations in
brightness in random areas of the lens interior due to
wrinkles in the lens, and these may be tracked instead
of weaker edge signals. As a result, opposite sides of
the lens may not be connected by tracking, and an arch
shape is formed.

The weak edges of the lenses could be
distinguished by the processor board 54 if the definable
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parameter "edge_thr" was set lower. However,
illumination subsystem 14 is preferably designed so that
the lighting therefrom produces the maximum contrast for
all objects under the camera, and lower "edge_ thr"
values would cause the algorithm to identify as objects
more items or features from the package surface detail.

Object tracking is completed once the original
starting point is reached again for the given object.
The processor board 54 searches the mask area for any
pixel with a sufficiently high gradient outcome from the
Sobel operation. Once one such pixel is found,
processor 54 finds all such neighbor pixels, and the
processor continues searching neighboring pixels until
the first pixel is located again. An object is then
considered to be found. The image processor 54 repeats
this cycle for all pixels within the mask boundary.

c) Object labeling

All found objects are then labeled. During the

labeling process, all pixels inside each object are
given the same predefined grey level, which preferably
is different for each object. These predefined grey .. ..
levels may correspond to a series of identifying colors
identified in a display look up table on the video
signal transmitted to the monitor 60. Generally, to
assign the grey level values to the pixels inside each
object, processor 54 identifies the boundary condition
for the object and then gives each pixel inside that
boundary the appropriate grey value. Any standard
morphological routine may be used to assign the grey
values to the pixels inside each object, a process
referred to as filling in the object; and because each
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object has a closed perimeter, the morphological routine
is straightforward.

During object labeling, which is the last step in
the segmentation process, each object is given several
numerical identifiers. First, the objects are numbered
in the order in which they are encountered; and the
above-mentioned color values that are assigned to the
pixels inside each object correspond to or are
determined by the number of the object. Numerical data
is also generated for parameters referred to as
perimeter, area, aspect ratio, and complexity.

The perimeter of an object is defined as the
total number of pixels encountered on the edge of the
object. With reference to Figure 18, the aspect ratio
of an object is defined as the ratio a/b, and the area
of an object is defined as the product a‘*b, where a and
b are the width and height, respectively, of the object.
The width of an object may be defined as the length of
the longest line segment that can be drawn across the
object in a direction perpendicular to the line X1X2,
and the height of an object may be defined as the length
of the longest line segment that can be drawn across the
object in a direction parallel to the line X1X2. As
will be understood by those of ordinary skill in the
art, the paramete. referred to as area is not intended
to indicate precisely the size of the object; and
instead, this parameter more closely indicates the size
of the smallest rectangle, referred to as a bounding
box, that completely encloses the object.

The complexity parameter is a measure of the

complexity of the shape of an object, and more
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particularly, is an indication of the relative frequency
of directional changes in the boundary of the object.
For example, complexity may be defined as the ratio of
pz/A, where p is the length of the perimeter of the
object and A is the above-discussed area value of the
object. The aspect ratio, area, and complexity of an
object may be expressed mathematically as follows:

Aspect Ratio =-% (11)

Area = (Bounding Box Size) = ab (12)
2
p

Complexity = —— (13)
A

Each object is thus given a number, color, and
four additional numerical descriptors. The number and
color of an object are used for identification purposes;
and the area, perimeter, aspect ratio, and complékiff
values assigned to an object are used for classification

purposes.

Multiple Object Classification

Each object found inside a mask is considered to
be a lens candidate; and after object segmentation is
complete, each lens candidate object is processed, or
classified, according to a classification algorithm.
Preferably, the classification of all the objects found
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within the mask is accomplished with a linear decision
based classifier.

Many suitable linear decision based classifiers
may be employed in the practice of this invention; and,
for example, Figure 20 shows a simple two dimensional
linear classification. More specifically, Figure 20
shows plots of two groups of objects on an x-y graph.
The first group of these objects, identified as sample
no. 1, are not lenses, and another group of objects,
identified as sample no. 3, are lenses. The x and y
axes of Figure 20 could represent any two of the above-
mentioned, or édditional, parameters of the objects,
that cause the plots of the two groups of objects to
form respective, spaced apart clusters.

The clustering of data values based upon the
numerical descriptors,-as illustrated in Figure 20, can
occur if revwresentative images are segmented.
Representative images yield such clustering orily if the
numerical descriptors correlate to independently

distinguishable features of the objects under test. For

example, the axis of Feature 1 in Figure 20 could
represent size.

As Figure 20 illustrates, a line can readily be
drawn separating the objects of sample number one from
the objects of sample number three. 1In fact, at least
two separate and well defined decision boundaries
satisfy requirements for the clustered data --that is,
Clearly distinquish between lenses and non-lenses --and
the data plotted in Figure 20 does not clearly show
which of these decision boundaries is kest. Samples 1
and 3 appear as though they are correctly classified by
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both boundary lines, i.e., they are on the correct side
of each line. There is, though, significant area
between the two boundary lines, and an object,
identified as sample no. 2, could be plotted between the
two boundaries, and not clearly belong to either of the
two shown clusters of plotted objects. Sample 2 could
be, for instance, a large water drop or a folded lens.
Because of this, in the preferred embodiment of the
object classification procedure, more information is
used to determine the linear classification.

Initial tests on a prototype system revealed that
approximately 70 percent of the decisions were correct
if the decisions were based solely on the area and
perimeter descriptors. A multidimensional decision
function increases the accuracy of the decisions. In
order to organize the classification most efficiently, a
perceptron based derivation of the decision function was
used. The decision function is preferably a four

dimensional function,. described by the following... .. ... ..

equation.

D; = 0 A; + @pP; + @Ry + 0.C; + W (14)

Equation (14) is called the decision function
because it classifies each object i, for all objects
inside the mask boundary. The object descriptors A, P,
R, and C, are the respective area, perimeter, aspect
ratio, and complexity values measured or determined for
each object in each image during object labeling. o,
W,r @y QO and v, are referred to as classification

weighting vectors. o, W, O and o_ represent weights
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for, respectively, the area, perimeter, aspect ratio,
and complexity values assigned to the object, and o, is
a constant value.

Values may be assigned to the weighting vectors
such that if D, is greater than zero, then object i is
labelled a non-lens, while if D, is less than or equal
to zero, then object i is labelled a lens. Expressed

mathematically, this condition is:

Object Class = NON-LENS if D; > 0 (15)
= LENS if D; < 0

Preferably, values are assigned to the weighting
vectors so that more than 99 percent of the decisions
are accurate.

In order to correctly identify the Object Class (
as lens or non-lens, for thousands of objects, with ‘XJ
overlapping descriptor boundaries, the vector constants
of Equation (14) are modeled on a computer using a
Perceptron algorithm. Perceptron algorithms are known
in the art, and any suitable algorithm may be used to
determine values for the weighting vectors in Equation
(14). For example, Perceptron algorithms are discussed
in Chapter Five of "Pattern Recognition Principles," by
Tou and Gonzalez, published by Addison-Wesley Publishing
Company (1974). Generally, the Perceptron algorithm is
a deterministic trainable pattern classifier. No
assumptions are made concerning the statistical
relationship between the mathematical descriptors of the
objects to be classified. The Perceptron algorithm is
deterministic, in that it assumes a solution exists.
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The data presented are separated before
computation into two classes. The data patterns of the
non-lens descriptors are all multiplied by -1. For
example, if x, represents a set of training patterns
containing the numerical descriptors A, P, R, and C,
then the algorithm yields a solution weight vector w*,
where w*x, > 0, and o* = w,, O O, O, and o,.

Figure 21 exemplifies the complexity of the real
data from the lens verification system. This Figure
represents only 300 data points, and only in 3-
dimensional space. Though the images from which the
data of Figure 21 were derived were representative of
ideal lenses and water drops, there are no easily
definable clusters. 1In order to improve the accuracy of
the classification, a multi-dimensional surface, such as
a four or five dimensional surface, is preferably used
as the boundary.

Once appropriate values for e, W,r O QO and o,
are determined by the Perceptron algorithm, the decision
function is permanently entered into the memory of the
processor board 54. D, is then used to classify every
object encountered within the mask regions of every
image.

The proper characterization of the objects, their
numerical descriptors, and ultimately the modeling of
the decision function classification weighting vectors
help the system 10 achieve a very high degree of
accuracy. In order to improve the accuracy of the
model, the Perceptron algorithm uses a reward and
punishment concept. Essentially, all the data patterns
from the training set are run through the k" o* vector

T
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model and if the decisions are not correct, w* is
1 incremented by a factor c for the (k+1)™ attempt. The
punishment is that the computer has to recalculate, and
the reward is finishing the calculation.
In order to determine one set of weighting
D factors, eighty package images were analyzed and

processed. Of those eighty packages, forty contained
lenses, and forty did not have lenses. Water drops of
various sizes were placed on the forty packages that did
not have lenses. The numerical descriptors for each

10 object found within the processing masks placed on the
images were recorded, and the whole 80 image array of
numerical descriptors was run throdgh the Perceptron
classifier algorithm. These Perceptron calculations
resulted in a vector of the form of Equation (14).

fon 15 Substituting the results of the Perceptron calculation

°JE:‘ for the classification weighting vectors, o, W, O Qs

ﬁfﬁ' and o, yielded Equation (16).

°:°‘.5 D; = (4352) A; + (19112) P; - (334545.75) R, - (129398.36) C; - 731538 (16)

20

%E:: In a test, image processor 54, employing equation
~ el (16), was used to classify each object within the masks

s of several thousand package images. The processor

il identified each package as being in one of two

Teanst 25 classifications, identified as "missing" and "present."

ceen Specifically, each package was placed either in the

::f:' present or missing category depending on whether the

¢ processor, respectively, found or did not find a lens in

the package. Each of these package images was also
30 observed on monitor 60 by a human operator, and each

35
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classification by processor 54 was characterized by the
human operator as either correct or incorrect. This
results in four possible classification outcomes,
missing-correct, missing-incorrect, present-correct, and
present-incorrect.

Of 6516 packages inspected, processor 54
correctly identified 272 as missing lenses, incorrectly
identified 64 as missing lenses, and incorrectly
identified 4 as having lenses.

Additional experiments were performed to improve
the verification system; and, specifically, additional
package images were analyzed and processed to collect
additional data on the numerical descriptors. A sample
of these additional data are shown in the tables of
Figure 22. 1In these tests, each object found in the §
masks was classified, based on the pattern of the fi
object, into one of a multitude of groups, referred to
as round, pac-man, folded and on-side. Borderline
objects, which could be irgued to fall into more than
one group were excluded from the data.

Each table of Figure 22 includes five columns of
information. The first column is the bounding box size,
the second column is the complexity, the third column is
the aspect ratio, the fourth column is the perimeter,
and the fifth coiumn is a type code, describing the
object.

' In these tables, the typical round lenses are
represented by the number one in the far right column.
Folded, on-side, and pac-man lenses are represented by i
the codes F, 0S, and P respectively. A folded lens can |
be anywhere within the mask, and can be folded once or
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twice. An on-side lens appears on the edge of the mask,
and is not completely visible. Lenses that fall within
the pac-man description have the general shape of a
round lens which has a weak edge. The weak edge, when
segmented, appears as a missing area in the shape of a
triangle. Images of water drops are denoted by the code
W. When this data was processed by the perceptron
algorithm, all codes were replaced with numeric values.
F, 0S, and P were replaced with the number one, and the
code for water drops was replaced by a negative one.

In these additional experiments, numerical
descriptors were compiled for 328 objects, half of which
were lenses and the other half of which were
representative of water drops. These data were input
into a Sun Microsystems Sparcstation 1, which compiled
and ran the calculations for the perceptron algorithm.
The result of this processing, in the form of a linear
decision function, is given below as Equation (17),
which defines a four-dimensional boundary plane.

D; = (965) A; + (2709) P, - (98633.57) R, - (7583.862) C, - 536878 (17)

Several processing boards were programmed with
Equation (17) and then used to classify each object
within the masks of over sixteen thousand package
images. These tests are summarized in the table and bar
graph of Figure 23; and as shown therein, only about
0.22% of the packages were erroneously identified as
missing lenses, and less than 0.1% of the packages were

incorrectly identified as having lenses.
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While it is apparent that the invention herein
disclosed is well calculated to fulfill the objects
previously stated, it will be appreciated that numerous
modifications and embodiments may be devised by those
skilled in the art, and it is intended that the appended
claims cover all such modifications and embodiments as
fall within the true spirit and scope of the present

invention.

V4
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1.

A method for verifying the presence of a lens in a transparent package,

comprising:

moving the package into an inspection position;

conducting a light beam through the package and onto an image plane to form

an image of the package on the image plane; generating a set of signals representing

the image on the image plane; and

analyzing said set of signals to determine whether a lens is present in the

package, said analyzing step including

i)
if)

searching the package image for images of discrete objects,

for each object image found in the package image, identifying values for a

plurality of parameters, and analyzing said identified values according to a

predetermined procedure to identify the object as a lens or as not a lens

including

for each of said parameters,

1) assigning a weight to the parameter, and

2) multiplying the value identified for the parameter by the weight
assigned to the parameter to determine a weighted value for the
para meter;

summing the weighted values for the parameters to determine a sum; and

comparing said sum to a preset value to identify the object as a lens or as not

a lens,

generating a lens present signal if one object image found in the package

image is identified as a lens,

generating a lens missing signal if no object images are found in the package

image, or if all object images found in the package image are identified as

not lenses.

A method according to claim 1, wherein:

the step of identifying values for a plurality of parameters includes the step

of identifying values for at least four parameters;

BGC:YJ:#17853.RSI 16 Junc 1998
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the step of analyzing said identified values includes analyzing the identified
values according to the equation;

D = wA+w,PtwR+w,Ctws

where A, P, R, and C represent the values assigned to the four parameters,

5 where w, w,+w, and w, represent the weights assigned to the four

parameters, and

where w; is a predetermined constant; and

identifying the object as a lens if D is less than or equal to zero, and
identifying the object as not a lens if D is greater than zero.

10 3. A method according to claim 1 or 2, wherein each found object image has a
perimeter, and wherein the step of identifying values for a plurality of parameters
includes the step of determining the length of the perimeter of the object image.
4. A method according to any one of claims 1-3 wherein each found object

. image has a width and a height, and wherein the step of identifying values for the

9 °
o800

o0, 15 plurality of parameters includes the steps of:

°
neoo

determining the width, a, and the height, b, of the object image; and
: determining a value, A, for one of the parameters according to the equation
o A=ab.
5. A method according to any one of claims 1-3 wherein each found object

20 image has a width and a height, and wherein the step of identifying values for the
o plurality of parameters includes the steps of
determining the width, a, and the height, b, of the object image; and
A determining a value, R, for one of the parameters according to the equation
e | R=a/b.
25 6. A system for verifying the presence of a lens in a transparent package,
comprising:
a transport subsystem for moving the package into an inspection position;
a detector comprising an array of pixels;
an illumination subsystem for generating a light beam and conducting the

light beam through the package at the inspection position and onto the array of

BGC:Y):#17853 RS 16 June 1998
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pixels to form an image of the package on said array of pixels;

a data value generator to assign to each of at least a group of the pixels a data
value representing the intensity of the light beam on the pixel; and

a processor to process said data values to determine whether a lens is present
in the package, the processor including

i) means to search the package image for images of discrete objects,

ii) means to identify values for a plurality of parameters of each object image
found, and to analyze the identified values for the parameters of each object
image according to a predetermined procedure to identify the object as a lens
or as not a lens, wherein the means to identify values for the parameters
includes:
means to assign a weight to each parameter;
means to multiply the value assigned to each parameter by the weight
assigned to the parameter to determine a weighted value for the parameter;
means to sum the weighted values for the parameters for each object image
found to determine a sum for the object image; and
means to compare the sum for each object image found to a preset value to
identify the object as a lens or as not a lens, and

iii)  asignal generator to generate a lens present signal if one object image found
in the package image is identified as a lens; and to generate a lens missing
signal if no object images are found in the package, or if all object images
found in the package image are identified as not lenses.

7. A system according to claim 6, wherein each found object image has a

perimeter, and the means to identify values for the parameters further includes means

to determine the length of the perimeter of each found object.

8. A system according to claim 6 or 7, wherein each found object image has a

width, a, and a height, b, and the means to identify values for the parameters further

includes means to determine the width and the height of each found object image,
and to determine a value, A, for one of the parameters for each found object image

according to the equation A=a‘b.

BGC:YJ:#17853.RS1 16 June 1998
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9. A method for verifying the presence of a lens in a transparent package,
substantially as hereinbefore described with reference to the accompanying drawings.
10. A system idr verifying the presence of a lens in a transparent package

substantially as hereinbefore described with reference to the accompanying drawings.
DATED: 16 June 1998
CARTER SMITH & BEADLE

Patent Attorneys for the Applicant:
JOHNSON & JOHNSON VISION PRODUCTS, INC.
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ABSTRACT

A method and system for verifying the presence of a lens in a transparent
package (30). The method comprises the steps of moving the package into an
inspection position (64), and conducting a light beam from a light source (36)
through the package and onto an image plane to form an image of the package on
the image plane. The method further comprises the steps of generating a set of
signals representing the image on the image plane, and analyzing those signals to
determine whether a lens (76) is present in the package. This analyzing step, in turn,
includes the steps of searching the package image for images of discrete objects; and
for each object image found in the package image, identifying values for a plurality
of parameters, and analyzing those identified values according to a predetermined
procedure to identify the object as a lens or as not a lens. A lens present signal is
generated if one object image found in the package image is identified as a lens; and
a lens missing signal is generated if no object images are found in the package
image, or if all object images found in the package image are identified as not

lenses.

PRSJL#L78S3 30 May 1995
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Total Blisters 2,832 | CURRENT
Total decisions made (six packages per blister): 16,992 ACTUAL
Total Missing Correct (Empty Package Detected): 3,949 % RATE
Total Missing Incorrect (Lens really there): 29 0.22
Total Present Incorrect (Empty package Passed): 4 0.10
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