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PERSONAL CARE PACKAGING
APPLICATIONS GUIDE

Maintain High Packaging Quality of Personal Care Products
with Vision Systems and Deep Learning




THE GLOBAL LEADER

INMACHINE VISION AND INDUSTRIAL BARCODE READING

Cognex? the leading supplier of machine vision
and industrial barcode reading solutions.

With over 3.5 million systems installed in facilities
around the world and over 41 years of experience,
Cognex is focused on industrial machine vision and
image-based barcode reading technology. Deployed
by the world’s top manufacturers, suppliers, and
machine builders, Cognex products ensure that
manufactured items meet the stringent quality
requirements of each industry.

Cognex solutions help customers improve
manufacturing quality and performance by eliminating
defects, verifying assembly, and tracking information

at every stage of the production process. Smarter
automation using Cognex vision and barcode reading
systems means fewer production errors, which equates
to lower manufacturing costs and higher customer
satisfaction. With the widest range of solutions and
largest network of global vision experts, Cognex is the
best choice to help you Build Your Vision.™
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MAINTAIN HIGH-QUALITY PACKAGING
WITH COGNEX TECHNOLOGY AND SOLUTIONS

Maintaining product quality and safety is essential for packaged personal care products such as disposable diapers, facial tissue,
toilet paper, or cosmetics. Even small flaws can damage customers’ trust, particularly when there are many competing brands.

Fortunately, a combination of traditional rule-based machine vision tools and machine learning technology ensures that primary
and secondary packaging contain no structural, cosmetic, or printing defects, and that their contents are complete, damage-free,
and meet quality standards.

Consumer demand for high-quality products and packaging continues to increase, requiring improvements in the speed and
accuracy of defect detection. Manual inspection no longer can meet these challenges, but automated detection with machine
vision can.

Adding deep learning to machine vision enables even faster, more accurate, and more flexible defect detection than rule-based
machine vision alone. Production lines can run at high speeds while maintaining a high level of quality.
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VOLUME MEASUREMENT
OF HOUSEHOLD PAPER PRODUCTS

Detect excess raw materials in rolls of household paper products _
Benefits:

Challenge = Accurately measure paper roll

Consumer paper products sold in rolls, such as toilet tissue and paper towels, velume withoutcontact

are soft and easily deformed. Manufacturers want each roll to contain the precise = Save money by ensuring
amount of raw materials specified to avoid waste. Even a small systematic efficient paper use
deviation that adds extra paper to each roll can add up to a significant expense over

time if not detected.

This problem has worsened with the advent of coreless paper products, which have no stiff cardboard tube in the center because
new types of machinery can wind the tissue without requiring a core. The dimensions of the resulting roll can vary significantly more
because the core provided the stiffness needed for product consistency.

Dimensional measurements with jigs or gauges are unreliable with such soft materials. The easiest way to detect when rolls are the
wrong size is through visual inspection. But the varying dimensions of rolls that have the same amount of material make this difficult.

Solution

Cognex has several 2D and 3D machine vision systems that can visually gauge even soft products with high accuracy. For such a
difficult application, where shape variations can hide significant differences in the amount of paper in the roll, a 3D solution is best.

Cognex In-Sight® 3D-L4000 vision systems are as easy to use as 2D vision systems, but 3D laser displacement technology
powered by a set of sophisticated 3D vision tools can accurately measure every dimension of the roll as it rotates, without
requiring any potentially deforming physical contact. The 3D vision tools then accurately calculate the roll’s volume and the
amount of paper it contains.
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TOILET PAPER
PLASTIC PACKAGING INSPECTION

Detect defects in the transparent plastic .
wrapping of toilet paper packs Benefits:

= Ensure packaging standards
are met

Challenge
= Find defects on challenging

Toilet paper rolls are typically packaged in transparent plastic wrap with a printed plastic surfaces

design. Each roll included must be symmetrical, the package must be sealed
properly, and there cannot be any foreign objects or other inclusions. Since the
packaging is transparent, any defect is readily visible to the consumer.

= Preserve consumer
satisfaction

The toilet paper rolls are visible through the packaging during inspection, which

presents a confusing and variable image. The shape of the rolls, particularly the

new coreless varieties, can vary in each dimension while still falling within an acceptable range. The reflective packaging, often
printed with a range of brand designs, makes images hard to read.

Packaging lines usually handle packs that feature different brands, different artwork, and varying numbers of rolls. Reprogramming
traditional rule-based machine vision for each new variation can be prohibitively time consuming.

Failure to detect unacceptable packages on the line can require subsequent unpacking of pallets after a manual quality check, or
rejection by the end retailer before putting the packs up for sale.

Solution

Cognex deep learning-based technology provides a solution
to such ambiguous situations, where the range of good

and bad examples are wide and somewhat overlapping.

The defect detection tool trains on a set of images of
acceptable toilet paper packaging conformations, shapes,
and arrangements. The tool then identifies any anomalies in
the packaging while passing acceptable variations. Only good
packages reach the end retailer, protecting brand value.

When packaging arrangement or printed branding changes,
the defect detection tool retrains with a new image set and
can be back in operation with minimal delay.
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POCKET TISSUE
PACKAGING INSPECTION

Check the perforated opening in small tissue packs _
Benefits:

Challenge » Ensure a good consumer
Small tissue packs or pocket tissues have a perforated semicircle near one end to experience

make the package easy to open without additional tabs, pulls, or other materials. = Detect subtle defects that
The perforations are made mechanically or by laser. If the perforations are not deep affect brand value

enough or located in the wrong place, the package will be difficult to open, causing
frustration for the consumer.

= Prevent package damage

Packs can contain varying amounts of tissue or can be packaged with different branding and artwork. Traditional rule-based
machine vision requires a significant amount of time and effort to reprogram for each new variation.

Because the perforations are very low contrast and hard to detect on the package’s reflective material, traditional machine vision
has trouble assessing whether the perforations are at the correct depth.

Solution

The best way to ensure that the perforations are properly
located and of adequate depth is through a combination of
traditional machine vision and Cognex deep learning-based
technology. The tools work together, each using its specific
strengths, to locate and analyze the perforations.

Cognex deep learning-based technology is ideal for deciding
whether the level of perforation is adequate for package
opening. The defect detection tool trains on images of
packages with good and bad perforations and automatically
distinguishes between them without human intervention.

If product volume or package design changes, the defect
detection tool retrains with a new image set and can be back in
operation with minimal delay.
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PERSONAL HYGIENE PRODUCT
PACKAGING INSPECTION

Detect product damage or contamination .
under partly opaque plastic wrap Benefits:

= Detect packaging flaws

Challenge = Recognize package
contamination and defective

Feminine hygiene products, infant diapers, pull-up diapers, adult incontinence package seals

products, and other personal care items are soft, easily deformed products that are
case packed at high speeds. Packages typically contain many of the same item. * Preserve brand value

The packaging consists of opaque plastic or paper wrap printed with identifying
and branding elements. Typical defects include packages that: are not completely closed; have some contents, such as a diaper,
protrude through the seal to the exterior; or have contents extending over the seal but not to the outside.

These sealing defects need to be detected against a printed background that can be reflective, visually complex, or creased. When
the contents are blocking the seal, but still inside the packaging, the only visible sign of the compromised seal might be a slight
wrinkle. Such defects are hard for traditional rule-based machine vision to detect.

Any flaws in the packaging, contamination, or damage to the contents of such personal products could keep a consumer from
purchasing or repurchasing the product, which can harm brand value.

Solution

Cognex deep learning-based technology is a valuable inspection solution for products with limited visibility and reflectivity. The defect
detection tool trains on a set of images of acceptable personal hygiene product packaging conformations and shapes. The tool then
identifies anomalous packages, while passing the full range of acceptable variations. The tool can quickly distinguish between purely
cosmetic wrinkles and those that indicate a compromised seal. Packages with unacceptable seals are not packed on pallets and will
not reach the end retailer, protecting brand value.

The defect detection tool retrains quickly with a new image set if there is any change in the printed branding or packaging
arrangement and can be back in operation with minimal delay.

Personal Care Packaging Applications Guide 7




FOREIGN BODY INSPECTION OF

COSMETIC CONTAINERS

Ensure that even the most minute inclusions .
are ahsent from cosmetics Benefits:

= Detect unwanted inclusions in
cosmetic containers

Challenge
- L L = Ensure 100% quality control
Cosmetic jars for beauty creams and moisturizers need to have their interiors

inspected before they are filled. There can be many forms of contamination, * Prevent consumer
including dust particles, pieces of fabric, and insects or insect parts, particularly at dissatisfaction
manufacturing facilities with limited capability for fully filtering incoming air.

Cosmetics and other beauty products are high-value personal products. In addition
to delivering top notch products, cosmetic companies differentiate themselves through high quality brand packaging.

Any contamination will have a strong negative effect on consumers, likely leading to a decision not to repurchase the brand. It can
also lead to recalls, and the spread of brand-damaging images on social media. But it is costly to manually inspect every cosmetic
jar, and traditional machine vision often misses inclusions and other contamination or generates false positives of acceptable
appearance variations against the dark jar surface, particularly when industrial lighting creates reflections. Defects or inclusions can
occur anywhere on the jar’s interior surface. Once the jar is filled, the contamination is concealed until the consumer discovers it.

Solution

By using Cognex High Dynamic Range Plus (HDR+)
algorithms with Cognex deep learning-based technology
and tools, you can easily detect even minor inclusions in a
cosmetic jar or other dark container. Cognex vision systems
with HDR+ are equipped with sensors that create images
with 16 times the detail of conventional sensors. HDR+

can handle inspections of objects with varying brightness

to reveal details in both darker and lighter areas. This
improvement in both image quality and contrast makes it
easier to detect even the most minute inclusions.

Cognex deep learning-based technology is trained on HDR+
enhanced images of acceptable cosmetic jars. The defect
detection tool then notes any anomalies in the jar interior,
such as inclusions, cracks, or problems with the jar itself,
while passing jars with minor cosmetic imperfections that do
not impact aesthetic or functional aspects when filled.
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SAUEEZE TUBE SEALING
INSPECTION SYSTEM

Confirm the integrity of the bottom seal in .
plastic or aluminum squeeze tubes Benefits:

= Prevent leakage from

squeeze tubes
Challenge a

= Prevent contamination of

Retailers sell an extensive variety of personal care products, such as cosmetics,
squeeze tube contents

creams, and ointments, to consumers in squeeze tubes for easy use. A squeeze

tube is filled through the bottom and then the end is sealed. There are many ways * Ensure long product life

of sealing the end, including hot air, hot jaws, and ultrasonics, which also heat the

tube. The choice of sealing method depends on the tube material, the desired speed, and the type of product. The softened tube
material is crimped or otherwise pressed together to weld the open end closed before it cools.

If there is any flaw in the resulting plastic or aluminum weld, the tube will leak. This can cause contamination of the contents,
contamination of other objects by released contents, or a shortened product life, which is either unpleasant, messy, or reduces the
product’s efficacy.

There is a wide range of appearances for both good and bad seals, with an overlap between these ranges. Some seals are
functional but have minor cosmetic irregularities. Traditional rule-based machine vision might reject these. Some seals have subtle
defects that a standard inspection might miss.

Solution

Cognex deep learning-based technology distinguishes
between acceptable and unacceptable seals even if their
appearances are similar.

The defect detection tool learns through a set of labeled
images of acceptable and defective package seals. These
flaws may have been discovered after a considerable time by
consumer returns or retailer complaints. Images of seemingly
good crimps that eventually led to leakage are particularly
valuable for deep learning training.

Using these varied examples, Cognex deep learning-based
technology can distinguish good from bad seals, catching
small variations that human inspectors would miss. This seal
inspection system also identifies seemingly good seals that will
leak later.
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OCR CODE READING

ON SQUEEZE TUBE SEALS AND AEROSOL CANS

Read embossed and inkjet-printed OCR codes .
on challenging textured hackgrounds Benefits:

= Accurately track plastic
squeeze tubes and aerosol
Challenge cans through the supply chain
Retailers sell semiliquid personal care products to consumers in plastic squeeze
tubes for easy use. The ends of these squeeze tubes are heat sealed, and a text
code containing information such as date and lot information is embossed or inkjet
printed onto the plastic. Similar codes are also inkjet printed on the curved bottoms

of aerosol cans. These codes enable tracking through the supply chain, inventory management, and product recalls.

= Minimize misread tracking
codes on consumer products

These challenging backgrounds and locations make it difficult to perform optical character recognition (OCR) with traditional
machine vision. The embossed printing on the squeeze tube seal is tiny, often missing parts of letters or numbers, and
distorted by the seal. Inkjet printing on an aerosol can bottom is distorted as it's on a curved surface and must be read against
a reflective background.

The resulting poor read rates slow down lines and create errors that can lead to shipping and inventory problems, and a loss of
supply chain transparency.

Solution

The Cognex deep learning-based OCR tool reads
embossed and inkjet printed codes on challenging textured
and reflective backgrounds, even at high line speeds. The
OCR tool comes with a pretrained font library, making it
easy to set up and deploy. It trains on a small, labeled
image set of embossed or inkjet printed text on squeeze
tubes, aerosol cans, or other challenging surfaces. Once the
OCR tool learns the appearance of each character, it easily
identifies them against confusing or reflective backgrounds.
This speeds up the packaging line and increases overall
equipment effectiveness (OEE).

Whenever a new type of tube seal, aerosol can, or other
product is put into production, it takes only a small set of
images of the new background to train the OCR tool to
accurately identify and read the text code.
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COSMETIC

ADHESIVE LABEL INSPECTION

Check applied package labels for bubbles, creases, and other defects _
Benefits:

Challenge = Ensure high-quality labels

Many personal care products, such as lotions, ointments, and creams, are sold = Maintain visual brand value
in containers like bottles and jars with curved surfaces. After labels with branding
and product information are applied to the containers, they are inspected to ensure
there are no bubbles, tears, wrinkles, or other defects.

= Minimize changeover time to
increase OEE

The labels are curved and presented to the camera at many different angles. There is a wide variety of possible defects, including
printing errors, which can appear anywhere on the label. The printed label can also have a confusing patterned or colored
background, which complicates defect detection. It is not feasible to program all the many possible defects into traditional rule-based
machine vision, which can be easily confused by background patterns.

If not identified before proceeding to further packaging, containers with defective labels will be rejected during palletizing. If not
detected at that point, the end retailer will send them back, and this will impact the retailer’s trust in the product.

Solution

The Cognex In-Sight 2800 vision system uses deep learning-based technology to help improve product quality by detecting

any label application anomalies, no matter the label and the angle at which it is presented to the vision system. If label design or
container shape changes, the classification tool quickly retrains on a set of images of the new label or container and can be back
on-line with minimal delay. The intuitive development environment enables rapid turnaround to minimize machine downtime and

increase operational equipment effectiveness (OEE).
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HIGH-SPEED INSPECTION OF SOFT

PERSONAL HYGIENE PRODUC

Detect defects in soft products on fast-moving production lines _
Benefits:

Challenge « Detect a wide range of
surface and structural defects

Individual personal hygiene products, such as disposable diapers and feminine
regardless of background

care items, need to be inspected for defects at extremely high speeds of up to
1,300 units a minute. = Reduce customer complaints

These products consist of multiple layers of natural and synthetic fabric. The = Maintain brand quality

inner (absorbent) layer is usually white, and the outer layers are often printed

with various patterns and brand differentiation. They can also be embossed with various surface textures. A single machine often
handles the manufacturing process by combining the multiple layers together with inspection points along the way.

Soft personal hygiene products are multilayered manufactured items, which means they can suffer from a wide range of defects,
including:

= Surface damage or contamination

= Damaged parts, including side tabs, frontal tape, elastic waistbands, and leg cuffs
= Misalignments between layers

= Excessive wrinkles and folds

Traditional 2D vison systems cannot perform the image processing required fast enough to keep up with the high-speed
continuous feed of material. The inspection process is even more complex for product parts that have printed or embossed
backgrounds and textures, as they can come down the line misaligned, making it difficult to distinguish a misprinted product from
a correctly printed one that is misaligned. For a consumer product, particularly such an intimate one, standards for cosmetic
defects are high.

Solution

Depending on the complexity of the disposable product in
terms of color, pattern, and branding, there are two solutions
for automated inspection during the manufacturing process.

[T—

White soft personal hygiene materials:

For either all white disposable products, or the white core
layer, the Cognex line scan vision system is the best choice
for continuous inspection applications. It acquires 67,000
lines per second at 2,000 pixels per line, to build up high-
resolution detailed images. This is the only embedded
industrial line scan system that processes images directly
on the camera, so it does not require a PC for additional
processing and is plug-and-play with industrial protocols.
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Disposable soft personal hygiene products with colored print designs, brand patterns or embossed surface textures:

Cognex deep learning-based technology is ideal for the high-speed inspection of disposable soft personal hygiene
materials, such as the outer layer, that are patterned with colored designs or branding. The defect detection tool is trained
using a set of images of a range of error-free products. The tool identifies products that deviate from the acceptable,
trained model, capturing both functional and cosmetic defects. To minimize inspection changeover and machine downtime
due to changes in print design or branding, the defect detection tool can be quickly retrained with a new image set, which
increases overall equipment effectiveness (OEE).
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HIGH SPEED REFLECTIVE

PACKAGING INSPECTION

Detect errors in the packaging of razors, electric .
toothbrush heads, and other small items Benefits:

= Detect defects under

challenging lighting conditions
Challenge SR

= Reliably compensate for bright,

The stiff plastic packaging of many small personal care products, such as razors changing reflections

or spare electric toothbrush heads, is often transparent and reflective, making it
difficult to inspect the packaging while confirming the package contents. Contents * Ensure only satisfactorily

can vary in number, type, and arrangement. packaged products reach

. . . . , . the consumer
When lit, the packaging creates bright reflections, leaving other parts of the image

significantly darker. Increasing the brightness to bring out detail in the dark areas
causes oversaturation from the reflective parts. Creating an evenly lit image for accurate inspection can take a great deal of effort
and expertise.

Without such sophisticated lighting, traditional machine vision has great difficulty with images that have highly reflective parts.
Often such packages must be manually inspected, which means slower speeds. If production speed means that only a sample of
production can be fully inspected, errors can be missed.

Variable contents, such as different numbers, types, and colors of toothbrush heads, make it prohibitively time-consuming to
program traditional rule-based machine vision to accurately inspect each new variant.

Errors detected further down the line lead to increased waste, while products with undetected errors can lead to
consumer dissatisfaction.

Solution

Cognex vision systems with deep learning tools and High
Dynamic Range Plus (HDR+) technology are specifically
designed to handle reflective inspection.

HDR+ technology uses an advanced algorithm that optimizes
contrast in localized areas with just a single image, rather than
the multiple images required by standard HDR. HDR+ easily
deals with the bright, changing packaging reflections to create a
more uniform image, making defects more visible. Since HDR+
does not require multiple images, it is a particularly valuable
technology for high line speeds.

Even with HDR+, the combination of printed designs, reflective
plastic, and visible contents behind the transparent parts of
the plastic can create a visual field too complex for traditional
machine vision.

Cognex deep learning-based technology brings the power of
deep learning technology to the shop floor and makes it easy to
automate challenging production tasks. Deep learning trains on a small number of images, sometimes as few as two, to classify
the inspected parts as acceptable and unacceptable, no matter how complex and ambiguous the visual field. Retraining to add a
new content variant for component presence control and assembly verification is similarly easy and takes only a few seconds.
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MACHINE VISION SYSTEMS

20 VISION SYSTEMS

Cognex In-Sight 2D vision systems are unmatched in
their ability to inspect, identify, and guide parts. These
self-contained, industrial-grade vision systems combine
a library of advanced vision tools with high-speed image
acquisition and processing.
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VISION SENSORS

In-Sight vision sensors perform simple pass/fail
applications that help ensure products and packaging
manufactured on an automated production line are
error-free and meet stringent quality standards.

3D VISION SYSTEMS

Cognex line and area scan 3D vision systems provide ultimate ease of use,
power, and flexibility to achieve reliable and accurate measurement results for
the most challenging 3D applications.

]
”
¥
¥
¥
i
i
P
}
i
I
I
b
b
b
»
r

15



COGNEX DEEP LEARNING SOLUTIONS

Cognex Deep Learning optimizes productivity by leveraging state-of-the-art
technology based on field-tested, industry-proven machine learning algorithms.
Rather than following a rule-based approach to solving inspection challenges,
like traditional machine vision, Cognex Deep Learning solutions learn to spot
patterns and anomalies from reference images. Deep learning automates and
scales complex inspection applications that, until now, still required human
inspectors such as defect detection and final assembly verification.

IN-SIGHT 2800 SERIES

The In-Sight 2800 vision system combines deep learning technology with
traditional rule-based vision tools to solve a range of error-proofing tasks. From
simple presence/absence detection to more advanced categorization and sorting
applications, this fully integrated vision system offers an easy-to-use solution for
automating inspections.

IN-SIGHT D300 SERIES

The In-Sight D900 vision system leverages advanced deep learning tools to solve
challenging OCR, assembly verification, and defect detection tasks. Processing
takes place on-device, which eliminates the need for a PC, simplifying application
deployment and bringing the power of deep learning to non-programmers.

VISIONPRO DEEP LEARNING

VisionPro® Deep Learning is a deep learning vision software that automates highly
variable applications by tolerating natural variation, while successfully differentiating
between acceptable and unacceptable anomalies. Its graphical, point-and-click
programming environment makes it easy to configure jobs and enables users to
generate inspection results, fast.

16 Personal Care Packaging Applications Guide



BUILD YOUR VISION

2D VISION SYSTEMS

Cognex machine vision systems are unmatched in their ability to inspect,
identify and guide parts. They are easy to deploy and provide reliable,
repeatable performance for common to complex tasks.

www.cognex.com/machine-vision

30 VISION SYSTEMS

Cognex laser profilers and area scan 3D vision systems provide ultimate
ease of use, power and flexibility to achieve reliable and accurate
measurement results for the most challenging 3D applications.

www.cognex.com/3D-vision-systems

VISION SOFTWARE

Cognex vision software provides industry leading vision technologies,
from traditional machine vision to deep learning-based image analysis,
to meet any development needs.

www.cognex.com/vision-software

BARCODE READERS

Cognex industrial barcode readers and mobile terminals with patented
algorithms provide the highest read rates for 1D, 2D and DPM codes
regardless of the barcode symbology, size, quality, printing method or surface.

www.cognex.com/barcodereaders

CDGN E Companies around the world rely on Cognex vision and barcode reading
solutions to optimize quality, drive down costs and control traceability.
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