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Executive Summary

MVC has developed a wide variety of turn-key solutions based on its extensive machine vision
experience and expertise. This paper will discuss the CircumSpect ® solution, developed to inspect and
verify the label, pre-printed container and lid, or a 2D barcode on an un-oriented round container as that
container moves down a conveyor.

CircumSpect® technology creates a consistent, un-wrapped view of a round container despite the
container’s random orientation on the conveyor as it passes through the CircumSpect® system. It applies
the appropriate vision tools to the un-wrapped 360 degree image. There is no special container handling
needed, other than to ensure that the containers are appropriately spaced on the conveyor.

The CircumSpect® solution developed by MVC will:

Tolerate random round container and lid orientation on the conveyor.

o Jars, bottles, cans, pre-printed cans and cartons.
Verify that the expected label has been applied, the expected pre-printed container is presented,
and the correct lid has been placed by using the appropriate vision tools.

o Pattern-finding to match flavor graphics, product graphics, logos, or other features.

o 2D and linear barcode reading to identify the label or container.

o Edge finding tools to measure label placement and positioning.
Read a 2D Data Matrix code that may contain a unique identifier or serialized identification
number and communicate that string to a data collection system, as with an E-Pedigree solution,
to log the identity of every container.

Machine Vision Consulting, Inc. is based in Massachusetts, with a lab building in Westborough, MA. MVC
is focused on the integration of machine vision technology to provide automated inspection and process
control during manufacturing and packaging in a wide variety of industries.

End users come to MVC for turnkey machine vision solutions.

Machine builders and automation integrators work with MVC to develop the machine vision
portion of their overall assembly, processing, handling, coding, or packaging solutions.

OEM'’s of packaging systems, code printers, robotics, semiconductor testing systems, and other
process systems work with MVC as an extension of their engineering organizations to design,
install, and support machine vision system options.

MVC's engineers are based in Massachusetts, New York, North Carolina, Ohio, Oregon, and Arizona.

As the vision industry has matured with easier-to-use products, one thing remains the same - vision
projects are inherently complex. The development and deployment of a vision system requires a team of
experienced vision engineers that can avoid potential problems that arise when combining high
technology from multiple domains (i.e. PLC communications, robotics, vision architecture, real world
lighting and optics, motion control, sensors, rejecters, human intervention, and controls).
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Introduction to 360 Degree Label Verification, Insp  ection, and Code Reading

The focus of this paper is on using 360 degree imaging for the verification, inspection, and code reading
of labels and lids that have been applied to a cylindrical container. This technology can also be applied to
pre-printed round containers, such as ice cream cartons and lithographed cans.

For label, container, and lid verification, the focus is on confirming that the expected label has been
applied to the container or that the expected pre-printed container is presented and that the expected lid
has been applied. Verification can be based on matching brand logos and flavor graphic patterns on the
label or lid.

Many plants are adding a 2D Data Matrix code to the label artwork and are using the 2D code to
distinguish label, container, and lid types and languages. Other containers have 1D barcodes on the label
and use the UPC code to differentiate product labels, containers, or destination countries.

For label position inspection, CircumSpect® can measure the label position to determine whether it was
applied properly or is skewed. For example, edge-finding and pattern tools can examine the two ends of
the label to determine whether the overlap is acceptable and whether the ends of the label are not
together vertically. Specific graphics may be imaged to determine if label damage or tearing has
occurred.

Pharmaceutical containers with unique 2D Data Matrix codes used for serialization or E-Pedigree tracking
can be identified by reading the 2D Data Matrix code on the label and communicating that string of data
to a database.

CircumSpect® eliminates the need for container handling, tolerates random container orientation, does
not slow down the line, and provides an extra level of assurance that the correct and expected label has
been applied to a container or that the expected pre-printed container has been filled.

CircumSpect® provides the means to gather identifying information for every pharmaceutical container as
it moves toward the casepacker.

CircumSpect® is an installed and field-proven solution, offering a unique option in addressing important
issues in:

Regulatory Compliance
E-Pedigree Tracking

Consumer Safety

Packager Protection

Consumer Satisfaction
Distribution Channel Satisfaction
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Overview of the Image Formation Process

An image formation module will be placed over a section of conveyor. The module contains the four side-
mounted video cameras, optics, and lighting needed to create 4 distinct side images of the product. A fifth
camera may be positioned on the top looking down to verify that the expected lid has been applied.

The containers are on the conveyor and will pass through the imaging module. No container handling or
specific orientation is required. The primary requirement for image formation is that there is atleasta 1
container-width space between every container passing through the C|rcumSpect imaging module.

The lighting is designed to provide a clear image of key label features anywhere in the image and can be
custom-designed as required.

A presence sensor will detect that the container is in position for inspection and will trigger the
CircumSpect® system for each container. Four camera images will be acquired simultaneously and
automatically joined to create a virtual line-scan image of the entire label or container in 360 degrees.
The fifth top camera is also triggered with the side cameras.

The resolut|on of the cameras used will be dependent upon the container speed through the
C|rcumSpect system, the resolution needed to properly image the required label features (barcode lines,

barcode direction, and 2D code cells), and upon the number and type of vision tools used to inspect the
containers.

Image Formation Diagram
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CircumSpect® can activate a reject mechanism for any non-conforming containers. An encoder on the
conveyor is used to track the container from the point of trigger to the point of inspection to the reject
mechanism. The encoder is used to maintain system accuracy that is tied to the actual conveyor speed,
whether the conveyor is part of the ClrcumSpect module or is already in place in the plant.
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Sample CircumSpect ® Images

In the following examples, a sample label has been trained. The four separate images acquired are
shown in the upper section of each illustration. Note in the following two examples that the unwrapped
image at the bottom is presented in the same way despite differences in how the containers are
presented to the vision system. The lid is not being verified in these examples.
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A Sample Label Is Imaged

Any similarity between the sample labels used and any actual product labels is purely coincidental. MVC makes no representation
that any particular end user is currently using CircumSpect® technology.

In the sample image above, the side of the container is being imaged with 4 cameras and is automatically
assembled into an un-wrapped 360 degree image shown at the bottom. The vision tools used are
verifying that the logo matches the expected logo, the flavor matches the expected flavor, and the 2D
code matches the expected value. Note the green graphics around the logo, the flavor, and the 2D code,
which is reading and displaying the 2D code that was read.

All of these parameters have been pre-trained based on the particular label expected. These pre-trained
values are saved as recipes for each product and can be selected by the operator or selected remotely by
a line controller when the product is run.
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In this example, note the orientation of the container and label has changed in the four original images.
The un-wrapped image at the bottom is consistently presented despite random container orientation.

The Flavor matches the expected one The Logo matches the expected one
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The Expected Label The 2D Data Matrix code
contains the expected value
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The Unexpected Label Is Imaged and Will Be Rejected from the Line

The Flavor does not match the expected one

The Unexpected Label The 2D Data Matrix code does not
contain the expected value
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Storage of Container Images and Set-Up Parameters —  Recipe Management

The included recipe management system is critical to maintaining and using the CircumSpect® system in
production. A selection of primary vision tools required to create the product recipe and address the
needs of packaging lines includes:

Barcode Reading (1D)
o UPC
2D Data Matrix Code Reading
o Verification
o0 Identification
Pattern Matching
o Flavors
0 Special promational graphics
o Brandlogo
o Other graphics
Brightness in a Specified Region of the Image
o Basic feature presence
Gauging
o0 Label position inspection
Additional vision tools are available

The overall configuration is then saved as a specific recipe that can be called up and selected by the
operator as needed or loaded remotely by a line controller. Password protection of the recipe is included.

Operator Screen to Load a Recipe
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Stainless-Steel Wash-Down Version with Conveyor Section That Includes a Singulator and a Rejecter.
All Electronics Mounted on Top to Save Floor Space

Pharmaceutical Application — CircumSpect® Providing E-Pedigree Bottle Serialization Information by
Reading the 2D Code and Transferring the String Out to a Tracking System

Ice Cream Container Verification — Wash-Down CircumSpect® Confirming that the Expected Container
Has Been Filled to Prevent an Allergen Interaction
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Benefits

CircumSpect® is a field-proven solution in imaging un-oriented round containers and has been
applied to label verification and inspection for food products, to pre-printed container and lid
verification in ice cream packaging, and to E-Pedigree 2D Data Matrix code logging in
pharmaceuticals.

No container handling or specific container orientation is required.

No slow-down of the manufacturing process flow; only proper container spacing is required.

A recipe training and management system is included.

Pre-training of labels and containers allows recipe creation and storage to allow the operator to
select from a menu of expected products or to have a line controller load the recipe to be run.
Pharmaceutical containers with unique serialized 2D Data Matrix codes can have the codes read
and communicated to a database for E-Pedigree use after the label is applied.

Data logging and image archiving are included.

A rejection process is included to control a rejecter.

Conclusions

The cost of verifying that the correct label or container and lid have been applied to a container can be
easily outweighed by the cost of a lawsuit or a recall. Safety and allergen prevention are at the top of the
priorities list for many manufacturers. Remember that the pre-printed containers, lids, and labels generally
come into a plant from an outside vendor. These containers or labels are loaded into an automated batch
feeder and if the first few come out OK, it is often incorrectly assumed that all of the containers, lids, or
labels will be the expected ones and the line has been properly cleared from previous product runs.

One of MVC's clients found that the wrong lid got into the packaging mix unexpectedly. As MVC's client
explained, "We recently had two problems at the filler station where the wrong lid was put on the ice
cream container. Both times the vision system caught the problem and rejected the container. | received
an email from the plant manager who said that he was very happy that these potential customer issues
were avoided”. This was a case of allergen prevention and the cost of finding the problem before the
product went out the door pales in comparison to the many costs of having the product opened and used
by an allergic consumer.

In the pharmaceutical world, although the launch date for E-Pedigree continues to push out, many clients
are being pro-active in developing the solutions that will be required for tracking every labeled and
serialized product before it is packed for shipping. There are many different E-Pedigree data logging
systems in the marketplace, but it takes a solution with the capabilities of CircumSpect® to actually get the
serialized data into the system at the manufacturing point as the product moves toward the casepacker.

Every application is different. An application may require a different imaging enclosure over the conveyor,
may differ in line speed, may require wash-down capability, may have different lighting needs for the
containers, and so on. MVC works with its clients to develop the most reliable solution based on the
application and manufacturing requirements. The basic requirements may be similar, but MVC has the
resources to provide a working solution for the application.

Additional information on Machine Vision Consulting, Inc. and CircumSpect® technology can be found on
the MVC web site, www.machinevc.com. Call Joe Gugliotti at 978-551-4160 or e-mail
sales@machinevc.com to initiate a discussion on CircumSpect® technology or other machine vision
application.
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