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FROM THE EDITOR |  DARRYL SELAND

ANSWERS AND QUESTIONS.

A&Q
Jeopardy! has been in the news lately. The iconic game show has spent some time choosing a new host since the
passing of the legendary Alex Trebek.

Even a�er much time, an extensive pool of candidates, an elaborate tryout process, and many trials and
tribulations, a new voice at the helm has been elusive. Would you call that just par for the course, or does it point
to the wild popularity of the show and its previous host? I believe it points to the psychology of the show itself.

Many of the experts explain Jeopardy!’s popularity as a result of its accessibility. Categories are said to be chosen
and constructed to allow viewers at home to truly feel like they can play along. The show is said to evoke more
moments of “Hey, I should be on this show” than any other game show ever has. But more important may be the
format of the show, one that everyone is familiar with, and has implanted the show into the modern lexicon and
culture of entertainment—providing the answer and searching for the question.

Although not brought up in any of the analysis, I believe it is the
psychology of the show’s format that has ensured its popularity
and been a window into how we perceive leadership in our
culture.

“Have you ever seen them
ask any questions? They
just know what to do.”

For 37 years, Trebek hosted—lead, if you will—the show, providing the answers and asking contestants to deduce
the question. Thirty-seven years of having all the answers. May sound fishy, but it is backed up by the depictions
of leadership in movies and on television.

As Managing Editor Michelle Bangert points out in the opening of this month’s management article:

We’ve all seen movies where the leader inspires his or her team with a moving speech and a call to
action. But one characteristic is usually absent.

“Have you ever seen them ask any questions? They just know what to do,” says Terence Coleman Jr.,
president of Tecnova Electronics Inc.

While Hollywood frequently presents leaders as all-knowing, it’s important that leaders ask questions
and seek out feedback.

Coleman also said, “They don’t need to know everything—but good leaders must know the goals for the
company.”

And that is important for all involved—leaders, followers, associates, suppliers, stakeholders. Asking questions
and searching for feedback provides the confidence of knowing everyone is on the same page.

Take our democracy, for example, where it has always been an important tenet to question our leaders and voice
the needs of the people, a luxury not a�orded in a system where leaders are regarded as omnipotent and
unquestionable.

So, for more insight on the subject of leadership, read Michelle’s article, “Leading the Way,” our 101 articles on
Lean Manufacturing, “Lean 101: An Introduction to Lean Manufacturing” and “How to Lean up Your ISO
Documentation Structure,” and everything else we have to o�er in this month’s Quality.

Enjoy and thanks for reading!

Opening Background Image Source: James P. Hohner Jr.

Darryl Seland is the editorial director of Quality magazine. CONTACT DARRYL
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For all of the latest breaking news,
visit www.qualitymag.com

ECM Opens Calibration Lab in Mexico
On August 5, 2021, East Coast Metrology, LLC. (ECM Global Measurement Solutions) announced a partnership
with TECMED-3D, a dimensional measurement and metrology equipment rental company based in Monterrey,
Nuevo Leon, Mexico.

“Our partnership with TECMED-3D expands on our ability to o�er customers in Latin America an ISO/IEC 17025
Accredited Calibration Certification for all portable new or pre-owned measuring instruments including laser
trackers, laser scanners and portable CMM arms,” states Gary Confalone, president/CEO - ECM Global.
Customers within the Latin American market will all reap the benefits of a convenient metrology service solution
and support while eliminating the challenges o�en seen when parts and equipment cross the border.

In an e�ort to expand visibility for the metrology lab within the South and Central American borders, ECM
announces the launch of their dedicated Latin American website focused on portable measuring equipment
calibrations, and equipment rentals.

For more information, visit https://EastCoastMetrology.mx.

AMT – The Association For Manufacturing Technology and Gardner
Business Media (GBM) announced the launch of MT United, a joint venture
of the two leading organizations to empower North American
manufacturers with data, analysis, and strategic information for
accelerated growth, innovation, and global competitiveness. MT United
encompasses the entirety of manufacturing technology (MT) through
industry-focused events, expansive media content, data and market
intelligence products, coverage of IMTS – The International Technology
Show, and public/private investment opportunities.

“MT United immediately creates the largest integrated print, digital, and in-person network platform in the
manufacturing technology ecosystem,” said AMT president Doug Woods. “Our combined expertise, industry
knowledge, and resources generate a powerful synergy of comprehensive market access and industry
intelligence for the MT community to meet its strategic business and information needs.”

“We are thrilled to incorporate the AMT and IMTS brand o�erings with GBM’s portfolio. The prospect of year-
round engagement with the MT community is exciting,” said GBM President Rick Kline Jr. “Through our collective
resources, we will develop strategic new products and services to meet business needs as new technologies are
embraced by the industry.”

AMT and GBM have a relationship advocating for the MT industry that goes back over 30 years. AMT engaged
GBM in 1988 as one of the o�icial media partners of IMTS, codeveloping numerous products, including the IMTS
Exhibitor Directory, the IMTS Show Daily, and most recently, the online digital platform IMTS spark. As the
industry continues its technological transformation, the two organizations are in the best position to educate,
inform, and support North American manufacturers on this journey.

“As our community increasingly adopts digital manufacturing, MT United is dedicated to helping thousands of
companies navigate the future,” said Peter Eelman, AMT vice president and chief experience o�icer. “AMT and
Gardner are deeply committed to the MT industry, and we are truly excited to have GBM by our side as we
continue to grow IMTS.”

“The MT United collaboration o�ers a tremendous opportunity to support the readers, advertisers, and existing
partners Gardner serves,” said Melissa Kline Skavlem, Gardner chief marketing o�icer. “By developing,
collaborating, and bettering a wide range of existing products as well as products in development, we can more
nimbly and successfully support the manufacturing technology industry together. While our organizations
remain independent, a united approach to critical issues related to our mutually served and rapidly changing
industries makes sense.”

“This bold move significantly expands the events, media content, and research capabilities of both organizations
and will be a resource for the MT community beyond anything that's previously existed,” said Travis Egan, AMT
vice president and chief revenue o�icer. “Having been a part of both organizations’ leadership teams, I have a
unique understanding of the complementary product synergies and shared cultural values that will ensure the
success of MT United.”

At a time when technology is shi�ing business models, the MT United joint venture partnership intends to drive
and strengthen the manufacturing community.

For more information, visit www.AMTonline.org or www.GardnerWeb.com.

AMT, Gardner Announce Launch of MT United

TestEquity announced its acquisition of MCS Test, a leading UK-based test and measurement solutions provider.
This acquisition is a natural extension of the TestEquity mission to provide unrivaled test and measurement
expertise coupled with specialized products and services that meet the demanding needs of the electronic
engineering market.

MCS Test has built a highly successful business in the UK serving the needs of electronics design and
manufacturing customers through a highly technical workforce and solutions portfolio. By providing solutions to
support new, used, and rental equipment along with calibration services through a UKAS accredited lab, MCS
Test has established themselves as a trusted and specialized partner to both customers and suppliers.   

TestEquity’s acquisition of MCS will enable expansion to serve the UK market and will accelerate the already
impressive progress MCS Test has made in the region. Their dedicated and scalable customer-focused solutions
continue to shape customer expectations, driving progressive experiences that create customers for life.

“I am proud to partner with the MCS team and continue building on the strong foundation they have created,”
said Steve Newland, CEO of TestEquity. “MCS brings a specialized business model, a very talented and technical
team, and personal values that are very complementary to our own. Together, we will be able to serve the
growing needs of our customers and supplier partners even better than we do today.”

“We are very excited to become part of TestEquity, a leader in our field. This transaction creates a unique strategic
opportunity as we combine our expertise and our specialized services,” commented Bill Beck, CEO of MCS Test.
“As part of TestEquity, we will deliver even greater value as we remain focused on our strengths and customers.”

The acquisition unites two test and measurement leading experts with complementary capabilities, cultures and
relationships, resulting in a di�erentiated, end-to-end value proposition for customers including an enhanced
platform for sustainable, profitable growth. The transaction combines both companies’ superior technical
expertise and selection of product o�erings to result in an excellent customer experience.

For more information, visit https://www.testequity.com or https://mcs-testequipment.com.

TestEquity Acquires MCS Test

Aerotech Inc. announced the launch of Peak Metrology, an Aerotech
company dedicated entirely to designing and building capital
equipment for surface metrology processes. Led by RJ Hardt, a 10-year
Aerotech veteran, Peak Metrology leverages Aerotech’s extensive
positioning system expertise, state-of-the-art facilities and financial
resources while being solely focused on helping customers solve
surface metrology challenges.

“We saw impressive success while Peak Metrology operated as an internal division,” said Mark Botos, Aerotech’s
CEO, “and we know the Peak Metrology team is on a course for rapid growth evolving into a partnership was the
natural next step. Most importantly, we are excited about the ways both Aerotech and Peak Metrology customers
are already benefiting from this partnership’s technological and financial resources, competitive price points and
lead times.”

Peak Metrology o�ers product development, engineering, installation and training services. Co-located with
Aerotech’s world headquarters in Pittsburgh, Peak Metrology is fully sta�ed with dedicated engineering, sales
and support teams. Selling its standard and custom precision surface metrology solutions, the company started
building its customer base while still a division of Aerotech.

“We have the knowledge, experience and equipment to take on and solve customers’ complex surface metrology
challenges, freeing them up to focus on other important work,” said Hardt, Peak Metrology’s president. “What
might be a measurement equipment burden for customers who don’t specialize in surface metrology fits
perfectly within our scope.”

For more information, visit www.peakmetrology.com.

Aerotech Launches Peak Metrology

Covalent Metrology, an analytical services provider o�ering one of the
largest portfolios of characterization techniques in North America, is
working with Digital Surf, a global leader in analytical so�ware
development, to o�er so�ware tools for data processing and visualization
to its range of clients. The collaboration will also allow both companies to
pool customer insights in the aim of providing better services and more
powerful analysis tools.

Together, the two organizations possess unmatched experience and breadth of understanding in the analytical
services business. Digital Surf has partnered with renowned surface profiler and microscope manufacturers for
more than 30 years, supplying them with so�ware tools that accompany their instruments to empower robust
imaging analysis. To complement Digital Surf’s extensive so�ware expertise, Covalent Metrology brings deep and
diverse metrology and material characterization experience across an expanding portfolio of cutting-edge
instruments and industry application areas. Active feedback and collaboration between the two organizations
will fuel faster development of more e�ective solutions for analytical so�ware and services.

“This partnership will help bring tailored, automated analytical so�ware solutions for a wide range of techniques
and applications,” says Christophe Mignot, CEO of Digital Surf. “We are also excited to work with the Covalent
team to identify new features that could help scientists and engineers access improved analytical insight and
guide more e�ective decision making.”

Digital Surf’s Mountains® analysis so�ware package recently deployed its 9th version and now supports
specialized solutions for several imaging techniques as well as multi-instrument data confluence. Covalent is
implementing Mountains® 9 so�ware with its scanning probe microscopy (SPM) team and will soon expand the
so�ware across other advanced imaging analysis groups.

“We are thrilled to partner with Digital Surf and are excited about the innovative so�ware and service
enhancements the relationship will inspire. Powerful analytical so�ware is absolutely necessary for engineers
and scientists to produce the most impactful results possible. It complements cutting-edge instrumentation and
expertise with the tools needed to transform raw data into meaningful conclusions,” says Craig Hunter, CEO of
Covalent. “By expanding the use of Mountains® analysis so�ware alongside our range of instrument
technologies, we can help clients access substantially deeper insights.”

For more information, visit www.covalentmetrology.com or www.digitalsurf.com.

Covalent Metrology Partners With Digital
Surf to Bring Analytical Solutions to
Instrument Users

In-Place Machining Company LLC (“IPM”), a globally recognized high acuity field machining company focused on
providing highly technical, precision on-site machining, diamond wire cutting and measurement services to
customers, announced that it has acquired Exact Metrology as of July 2, 2021.  As part of the In-Place Machining
Company long term growth strategy, this acquisition will expand In-Place Machining Company’s service o�erings
to include 3D scanning, industrial CT scanning, metrology equipment sales, and so�ware solutions. This addition
provides In-Place Machining Company a strategic resource to bolster their growing measurement and alignment
business. When talking about the benefits of acquiring Exact Metrology, President and CEO of IPM Dean Flint said,
“In-Place Machining could not be more excited about the strategic potential resulting from the combination of
these two great organizations. Both have been built on solving their customer’s most challenging technical
problems.”

Commenting on this new partnership, Dean Solberg, vice president of metrology sales/services, states, “This
opportunity to join forces with In-Place Machining Company is exactly what we were looking for. The ability to
combine our metrology expertise and IPM’s expertise with on-site machining will push barriers in every industry.
We look forward to combining our collective synergy as one team and taking on high-precision projects together,
anywhere in the world.”

With Exact Metrology holding o�ices throughout the Midwest in states including Ohio, Illinois and Wisconsin, In-
Place Machining company will expand their reach and provide the best possible service, sales and technical
support across the country.

Flint noted, “We look forward to our company’s customers, employees and their families, and stakeholders all
enjoying the benefit of the bright future resulting from this strategic partnership.”

For more information, visit www.inplace.com or www.exactmetrology.com.

In-Place Machining Company Acquires Exact Metrology

ABB announced it will acquire ASTI Mobile Robotics Group (ASTI), a global
autonomous mobile robot (AMR) manufacturer with a broad portfolio across all
major applications enabled by the company’s so�ware suite. This will expand
ABB’s robotics and automation o�ering.

The acquisition, a key part of ABB’s external growth strategy, was signed on July 19
and is expected to close in mid-summer 2021. Both parties agreed not to disclose
any details regarding the purchase price.

,Founded in 1982, ASTI is headquartered in Burgos, Spain, and employs over 300 people in Spain, France and
Germany. It is majority owned by Veronica Pascual Boé, who is also CEO. Other shareholders include European
Growth Buyout investor Keensight Capital. Today it supports one of Europe’s largest installed fleets of AMRs and
has a broad customer base in automotive, logistics, food & beverage and pharmaceuticals in 20 countries. Since
2015, the company has enjoyed close to 30 percent growth on an annual basis and is targeting approximately
$50 million in revenue in 2021.

“With their industry-leading portfolio, comprehensive suite of so�ware and deep domain expertise across
growth segments, ASTI is the perfect choice for us as we support our customers with the next generation of
flexible automation,” said Sami Atiya, president of ABB’s Robotics & Discrete Automation business. “With this
acquisition, ABB will be the only company to o�er a full automation portfolio of AMRs, robots and machine
automation solutions, from production to logistics to point of consumption. This is a gamechanger for our
customers as they adapt to the individualized consumer and seize opportunities presented by significant changes
in consumer demand.”

AMRs will support an unprecedented degree of flexibility, from production, logistics, intralogistics and fulfillment
through to retail and healthcare environments. This will enable ABB’s and ASTI’s common vision to help
customers replace today’s linear production lines with fully flexible networks, where intelligent AMRs
autonomously navigate materials, parts and finished products between smart connected workstations, in
factories, logistics centers, laboratories, shops or hospitals.

Veronica Pascual Boé, ASTI CEO, said, “ABB’s vision is a perfect match for us, as we both support our customers’
flexibility and competitiveness through accelerating automation in the workplace. This is the next exciting stage
of our journey and together we will accelerate our innovation plans, expand our global customer service,
partner network, production and execution capacity and leverage ABB’s market access globally and particularly
in China. I am delighted to join the extended Robotics management team and lead the AMR business to deliver
this ambitious growth plan.”

ASTI’s industry-leading AMR portfolio includes autonomous towing vehicles, goods-to-person solutions, unit
carriers and box movers as well as a comprehensive so�ware o�ering, ranging from vehicle navigation and
control, fleet and order management and cloud-based traceability systems.

These will be integrated with ABB’s portfolio of robots, machine automation, modular solutions and so�ware
suite including RobotStudio®, ABB Robotics’ simulation and programming tool, creating a comprehensive
automation portfolio for ABB’s customers.

ABB and ASTI o�er deep domain expertise in manufacturing industries including automotive, food & beverage
and consumer packaged goods, as well as in new growth segments including logistics, e-commerce, retail and
healthcare.

With global AMR sales expected to reach approximately $14 billion by 2025 with a CAGR of approximately 20
percent, ABB plans to expand AMR sales and service support globally to 53 countries.

ASTI’s headquarters in Burgos, Spain, will become ABB’s AMR business headquarters, led by Pascual Boé, with
core functions, including R&D, engineering, product and project value chain, continuing at ASTI’s facilities. ABB
will significantly expand production capacity at the AMR business headquarters to support the planned sales
expansion in Europe and the Americas. To facilitate the growth potential for AMRs in China and Asia, ABB will
also establish an Asia AMR hub, including full value chain and manufacturing, at its new robotics factory, which
will open in Shanghai in 2022. China, the world’s largest robotics market, is projected to account for $1.8 billion
of AMR sales annually by 2025.

ABB Robotics’ acquisition comes shortly a�er the company’s announcements to expand robotics automation for
new sectors and first-time users, including the launch of its new GoFa™ and SWIFTI™ collaborative robot families
and its announcement that it will advance automation in the construction industry.

For more information, visit www.abb.com or www.keensightcapital.com.

ABB to Acquire ASTI Mobile Robotics Group
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FACE OF QUALITY |  JIM L. SMITH

EFFECTIVE LEADERS MENTOR THE NEXT GENERATION.

Leadership
John C. Maxwell, the noted author and lecturer, in his book "The 21 Irrefutable Laws of Leadership" asked, “Who
is your legacy?” Essentially Maxwell was asking with whom are we working to prepare to take over when we are
no longer leading?

How are you prepared to answer that question? Everyone essentially serves as a leader in your organization so
no matter your position, you perform a valuable service inside and outside the workplace.

Many organizations have developed leadership competencies for each position only to find something missing as
people are not ready to hit the ground running when vacancies occur.

To address this, forward-thinking organizations include a competency on mentoring. However, some
subsequently discover that just adding something to a list of competencies was not e�ective as people were still
not adequately prepared to fill the void.

Succession planning is more than just identifying those who will take over when we move on. It also involves
proactively developing the skills and knowledge that our successors will need when they do take over.

Successors need to be given the opportunity to work on the
types of projects or functions they will eventually be expected
to lead. When possible, they should be given the opportunity to
lead and learn.

Who is your legacy? How
are you prepared to

answer that question?

If succession planning is good for the few, it is good for the many! The accumulated skills and knowledge of the
many works like super-glue to make organizations stronger. We should reach out to all of those around us and
provide opportunities to the broader group with whom we interact.

So how do we make this happen? How can we possibly mentor everyone? One way is by encouraging those we
mentor to, in turn, mentor others–thereby passing along the knowledge they have learned along the way.

Maybe we are not currently in a management position, but that does not mean we are not providing leadership to
our organizations. It certainly does not mean that we should not be helping others to develop themselves.
Equally important, though, we should continually be working to improve ourselves.

We need to keep our minds open to opportunities to acquire, practice, and hone our leadership skills. It is
through these opportunities that we strengthen our value to our organizations, our communities, and more
importantly to ourselves. With new skills we can meet the challenges of today, tomorrow, and the future!

It is also in our personal lives and in our communities, however, that we find opportunities to lead, grow, mentor
others, and be mentored by others. We must become involved in learning and helping others learn. We must
think of ourselves as farmers who prepare the ground, plant seeds, fertilize, nurture, and grow the next
generation!

Like John Maxwell proposed, we can ask ourselves the more personal question, ‘Who is my legacy?’

If we cannot answer that question in less than one minute, we have not been spending enough time on this
critical question. Now is the time to look around to see who we can mentor to pass on our knowledge. You may
never mentor a future CEO, but that is not necessarily the measure of success as a mentor.

One thing I learned from one of my earliest mentors: When hiring someone, unless having a critical technical
position to fill, look for someone who can perform the opening position, but more importantly, select someone
who has potential to move up one or two levels.

In essence, look for someone who has potential to be your boss one day. Repeat this process for every opening
needing to be filled! At the very least, your corner of the organization will be full of super-performers, and you
also will look like a star.

I am reminded of something that Forrest E. Witcra� (deceased scholar, teacher, and Boy Scout Executive) said in
the October 1950 issue of Scouting magazine which I still recall reading. I am sure that he would forgive me when
I paraphrase ‘One hundred years from now the world will be a better place because I was important in the life of
others.’

This is the heart of mentoring and helping others. Freely passing on what it has taken a lifetime to learn so that
others will benefit. It is up to us to create that unbroken chain of events and opportunities which will lead to great
and wonderful accomplishments of which we can share.

Opening Background Image Source: mypokcik / iStock / Getty Images Plus via Getty Images.

Jim L. Smith has more than 45 years of industry experience in operations,
engineering, research & development and quality management.

CONTACT JIM
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OTHER DIMENSIONS |  HILL COX

WHEN YOU’RE FOOLING AROUND WITH MILLIONTHS OF AN INCH, IT
DOESN’T TAKE MUCH TO MISS THE TARGET.

No Quote!

The title of this column may lead many to believe this rant is all about politicians but it is not. You may have
encountered it on occasion when you’ve asked someone to quote you a price for a special gage or instrument
and received this brief but terminal response. It o�en appears beside one or two items in a list of many where the
purchasing department asks the vendor to fill in the blanks on their form, which leaves little or no room for any
explanations or questions.

Reasons for such responses will vary from someone having a bad hair day to your supplier being so loaded up
with work he or she can’t handle any more. Or perhaps you have specified something that normally takes four
weeks to deliver but you must have this one in one week.  

Among the commercial reasons for declining to quote is the most potent one: your company takes too long to
pay the bills.

Some of the ‘standard’ terms and conditions your
company puts on all purchases could be the reason
a ‘no quote’ comes back for everything. For example,
they may insist on freight being included in the price
for items worth a couple of hundred dollars and they
want everything flown to your location.

Often the ‘no quote’ response is
used to save your supplier time

explaining why the laws of
physics can’t be bent out of shape

to meet your requirements.

O�en the ‘no quote’ response is due to technical reasons and is used to save your supplier time explaining some
metrology basics or why the laws of physics can’t be bent out of shape to meet your requirements.

A common example of this is a simple plain ring gage you intend to use as a master to set a bore measuring
instrument. Other than the specific size required, everything is an o�-the-shelf consideration so what could go
wrong, you ask? It will likely be the tolerance you have requested such as Class XX (20µ”) or less. The gage maker
knows that tolerances at this level of precision are an ongoing source of arguments between calibration facilities
and gage makers around the world. It could be that your supplier is confident he can do the job without any
problems but he knows your in-house calibration facility or the outside source you use is not precise enough and
that arguments will prevail so he decides to retain his sanity and not get involved.

Perhaps you only want a simple go/no go adjustable plain snap gage set to a specified dimension within .000l”. It’s
adjustable so you can keep trying until you get it right so no problems here. But there can be since the anvils may
be out-of-parallel by double that amount as new.

You have an adjustable plain caliper gage with a mechanical indicator reading to .0001” and you decide you want
better resolution a digital indicator can provide. There’s no doubt you’ll get your wish, but not an improved level
of precision you may also be hoping for due to the mechanics involved in the caliper design. You will get a lot of
dancing digits in the bargain.

A request for a special adjustable thread ring gage is o�en no-quoted because customers don’t want to buy the
truncated setting plug required for its manufacture and subsequent verification.

Special size gage blocks are o�en ‘no quoted’ because customers want them to be made to the same
specifications as regular gage blocks which means their cost goes through the roof since they are a ‘one o�’ and
few companies are willing to pay for this level of precision. In a similar vein, I’ve received requests for our shop to
produce a special size gage block by grinding down a standard one so the final result is the same tolerance as the
original. This is a ‘no quote’ because the final size has to be obtained by manually lapping the ground surface.
When you’re fooling around with millionths of an inch, it doesn’t take much to miss the target or worse if it’s a
long block that is only heat treated at its ends and you grind too close to the boundary.

The simplest way to avoid ‘no quote’ situations like these is to talk with your supplier of choice before you write
up your requisition and send it to purchasing to follow up on. If you explain what you want to do and your
possible solution your supplier will tell you whether what you want is doable at a reasonable price and, even
better, may be able to suggest lower cost alternatives.  

Opening Background Image Source: Zheka-Boss / iStock / Getty Images Plus via Getty Images.

Hill Cox is president of Frank Cox Metrology Ltd. (Brampton, Ontario, Canada). CONTACT HILL
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SPEAKING OF QUALITY |  BEN TOMIC

THE NEW TECHNOLOGY WILL HELP ORGANIZATIONS REDUCE ALL
SOURCES OF VARIATION.

Quality 4.0 and
Quality Improvements

Exponential growth and accelerated changes, the main characteristics of Industry 4.0, are determining Quality
4.0. Cyber-physical systems, the internet of things and systems, information and communications technology,
new materials, big data, cloud and cognitive computing, augmented and virtual reality, artificial intelligence,
machine learning, blockchain technology, 3D printing and many other technologies are making a significant
impact on the process of creating products and services and therefore, their quality. People, processes and
technologies—the three key elements of Quality 4.0—are combined to achieve operational excellence and
improve overall performance and quality of products and services. All these advancements will a�ect the level of
quality in a positive way.

Quality Improvements In Quality 4.0
It is well known that variation is the “enemy” of quality. Variation comes from many di�erent sources along the
process but generally, it can be stated that variation is present in the process itself and in a measuring system that
is in place to assure the conformity of manufactured products. Furthermore, the variation present in the process
itself could be due to a presence of common or special cause variation, and variation in a measuring system
could be due to the variation that is present in measuring and monitoring instruments and also variation that
comes from di�erent appraisers that use them.

The ability to detect the special cause variation in a manufacturing process from advanced sensor technology is
invaluable to manufacturers. Many measuring and monitoring sensors as a part of Quality 4.0 implementation
will be able to produce data to show early detection of variation in a manufacturing process. The traditional
approach to rely on statistical process control and control charts to discover special cause variation will be slow
and time consuming, and therefore, not very e�ective. Digitalization and automation will also ensure better
quality and conformance of products by reducing potential errors and variability, allowing e�icient and e�ective
problem solving. Furthermore, improved agility of controls and shorter time to execute control will significantly
reduce quality control lead times and eventually result in real-time acceptance.

Common cause variation, a measure of process e�ectiveness when special cause variation does not exist, is
naturally present in every process. It represents a deviation from the target caused by unknown factors resulting
in a steady but random distribution of output around the mean. Quality 4.0 suggests using analytics of big data
that are collected from smart sensors and processed through cloud computing and the internet of things
platforms so that patterns that would be otherwise impossible to detect will be discovered and actions to
address them implemented in real-time. Big data analytics can help discover hidden variables causing problems
in the manufacturing process, which will be very di�icult to discover using a traditional approach. Predictive
analytics along with artificial intelligence will be able to detect variation in an early stage, providing an
opportunity to act immediately and bringing the process back to its nominal value.

The ability to detect the special cause variation in a
manufacturing process is invaluable to manufacturers.

There is no doubt that major breakthrough improvement related to Quality 4.0 will occur in the measuring
aspect of manufacturing. Numerous sophisticated devices that should be part of the manufacturing environment
like sensors, smart detection systems, automated equipment that monitors and measures critical characteristics,
supported by artificial intelligence, will be extremely beneficial to manufacturers who constantly face challenges
to introduce new products rapidly, by maintaining a high level of quality and operational e�iciency.

By using the automated measuring and monitoring equipment that is supported by artificial intelligence, the
variation caused by appraisal factors will be completely removed from the equation when it comes to overall
variability.

Conclusion
There is no doubt that major changes that are expected to be implemented in Quality 4.0 will a�ect the level of
quality of products and services in a positive way. The new technology will help organizations reduce all sources
of variation and, moreover, to be able to detect them early in their development and react in real-time to
eliminate the root cause. Predictive analytics will also help organizations to detect presence of potential
problems much before they even start producing defects. With all these changes, we should be very optimistic
when comes to the quality of products and services in the future.

Opening Background Image Source: alexey05 / iStock / Getty Images Plus via Getty Images.

Ben Tomic is an ASQ Fellow with over 25 years of experience in the quality �eld. He holds twelve ASQ
certi�cations and a Ph.D. degree in quality management. He has published more than 30 scienti�c articles
related to the quality �eld in di�erent journals and magazines. He is presently the chair-elect of ASQ
Inspection Division.
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QUALITY 101

Lean 101:
An Introduction to Lean Manufacturing

LEAN IS ABOUT LEARNING TO SEE OPPORTUNITIES
AND CONTINUALLY IMPROVING THEM.   

By Tim McMahon

Lean manufacturing (or thinking) can help companies gain a competitive advantage. The core idea is to maximize
customer value while minimizing waste (and not compromising productivity).

Lean is more than a specific tool, management technique or so�ware package. Lean is creating and
implementing processes that are highly responsive to customer demand. Lean paves the way for delivery of high
quality products and services, at the right location, at the right time, all in a cost e�ective manner.

Ideally, the new processes optimize all parts of the value chain so that you do more with less—less labor, capital,
and time.

Lean Principles Provide A Framework
Lean Thinking is comprised of five fundamental principles that provide a framework for creating an e�icient
organization:

1. Specify Value – End-use customer view

2. Identify Value Stream – Activities that create value

3. Flow – Make value flow

4. Pull – Respond to customer demand

5. Perfection – Zero waste

Lean is Customer First; what is value in the eyes of the customer? What features do they want? When do they want
them and at what price? Without this information, how can you design your ideal system?

This value needs to flow from raw materials through to the consumer. This is Just In Time manufacturing (JIT),
producing what the customer wants when they want it!

Next you strive for perfection, improving everything that you can about the product and process.

This is done by all within your organization, Lean values respect for people, and involves everyone to help meet
customer value.

Create Value, Eliminate Waste
Lean is a systematic way to see the ine�iciencies and address these to grow the business. To make processes
more e�icient and move closer to the value stream, we use lean thinking.

There is a handy acronym for knowing the eight types of waste: “Tim Woods.”

Transportation
Transporting items or information that is not required to perform the process from one location to another. While
the product is moving, no value is added to it.

Inventory
Inventory and information queued-up between people and processes that are sitting idle not being processed.

Motion
Excess movement by people or equipment only consumes time and resources without producing value. People,
information or equipment making unnecessary motion due to workspace layout, ergonomic issues or searching
for misplaced items.

Waiting
Idle time created when material, information, people, or equipment is not ready. No value is added while people
wait for product to process or product waits for people or machines.

Over-Processing
Performing any activity that is not necessary to produce a functioning product or service. Doing more than what
is necessary to generate satisfactory value as defined by the customer.

Overproduction
Waste from producing product that is not currently needed or product that is not needed at all.

Defects
Products or services that are out of specification that require resources to correct. Defects are the result of
executed processes that did not produce value.

Skills
The waste of underutilized intelligence and intellect commonly referred to as behavioral waste. When employees
are not e�ectively engaged in the process.

Source: Tim McMahon.

Lean Rules Create A System
Lean rules provide the guidance to improve, explaining the “why” behind the tools. For everyone in an
organization, these rules help structure activities, connect customers and suppliers, specify and simplify flow
paths, and bring improvement through experimentation.

The principles of the Lean used to provide value can be summarized into four basic rules:

1. Activity Rule – Specify all work to content, sequence, timing, and outcome.

2. Connection Rule – Customer-supplier connections must be direct & unambiguous.

3. Pathway Rule – Pathways for product/service must be simple & direct.

4. Improvement Rule – Improvements are made using scientific method (PDCA) at place of activity
(Gemba) under the guidance of a teacher (Sensei)

These principles are the building blocks of a Lean production system. They allow organizations to gain maximum
e�iciency so everyone can contribute at or near his or her potential. When the parts come together the whole is
much, much greater than the sum of the parts.

The Bene�ts Of Lean Manufacturing
In most scenarios, Lean can o�er manufacturing companies:

Higher-quality products with fewer defects and rework

Lower levels of inventory

Higher levels of stock turnover

Fewer breakdowns of equipment and processes

More output

Better delivery performance

Greater profits

Happier customers

Enhanced and stronger relationships with vendors

More engaged workers

All these benefits are even more critical in the pandemic with the major disruptions to manufacturing.

For me Lean is a thinking methodology for running your business. The goal is to grow the business by adding
value to the customer, eliminating waste, and engaging all employees in this process. Lean is about learning to
see opportunities and continually improving them.

Opening Image Source: Smederevac / iStock / Getty Images Plus via Getty Images.

Tim McMahon is an operational excellence leader, author, and blogger. As a Lean practitioner, he brings more
than 20 years of leadership experience implementing Lean manufacturing. McMahon has held a number of
leadership positions within operations management, Lean, and quality disciplines of innovative high tech
manufacturing companies. He is the founder and principal contributor of A Lean Journey Blog, a site dedicated to
sharing lessons and experiences regarding Lean thinking, improvement practices, and leadership. By drawing on
his experience in Lean, Six Sigma, and Quality Management Systems he co-authored ASQ's Lean Handbook, an
educational reference guide to support Lean Certification.
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QUALITY 101

How ToLean Up
Your ISO Documentation Structure

IF YOU WANT TO SIMPLIFY YOUR ISO DOCUMENTATION, LOOK NO FURTHER. 
By Mark Kaganov

Lean approaches are helpful for the development and maintenance of documentation compliant with ISO
Management System Standards (MSS). These standards include ISO 9001, ISO 13485, ISO 14001, ISO 45001, and
many others. You can also apply these tactics to the management systems to support 21 CFR 820 FDA regulation.
The article o�ers an e�ective technique to optimize management system documentation structure. It will be
helpful to those organizations that struggle with over-documented systems and those searching for ideas to
simplify their ISO management system documentation.

Problems
According to the Lean Enterprise Research Centre research, 60% of production activities in a typical
manufacturing operation are waste! One may find the same, if not more, in typical ISO management system
documents. Typical deficiencies in procedures include:

• Documents are too wordy and too long

• Poorly written

• Content is complicated

• There are duplications

• Documents are outdated

Our recent survey asked eighty-three management and supervisory personnel in five organizations to assess
their procedures against this list. The results were thought-provoking.

Management System Headaches Report
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Almost all the folks interviewed thought their procedures were too long. Two-thirds felt that documents were
too wordy and poorly written. Yet, very many companies continue burying themselves in unnecessary and hard-
to-follow procedures.

The solution is Lean.

© 2020 Lean ISO
Management Systems

Typical Documentation Hierarchy

Businesses typically document their management system structure as a pyramid. Most of the manuals I have seen
contained a section called “Documentation Structure.” All these chapters were alike as twins and showed the
same hierarchy: the top-level is the manual or a policy; the second level is SOPs or procedures, then instructions,
then records. Some structures had a manual on the top, some the policy. Let’s put aside that a manual cannot be
the top document because the policy defines which standard a company will comply with. Only then, the
organization creates a manual to support the policy.

This pyramid is an excellent place to start our optimization example, but before we continue, a quick reminder.
Since the introduction of Annex SL, no management system standards require quality or business or any other
manuals. I keep on referring to manuals only because most companies still maintain and use them. One of my
YouTube videos (the link is below) showed how one could develop a Lean Business Manual. That manual ended
up being a three-page document instead of the typical thirty, forty pages.  

© 2020 Lean ISO Management Systems

Copy, Copy and Copy More

To demonstrate how we can Lean up a documentation structure, let’s take any clause of the ISO 9001 2015
standard that requires records. For this example, I picked element 8.4.3: Information for external providers. This
clause requires that “The organization shall communicate to external providers its requirements for … products
and services…” In a typical documentation structure, the first layer is the manual. As a rule, the manual simply
rephrases the standard, changing “the organization shall” to “we will.” The next step is the Purchasing procedure.
Typically, the procedure mimics the manual with additional details, such as References, Responsibilities, and
other sections. Finally, what in fact defines your company’s needs and addresses the standard’s requirements is
the Purchase Order itself. Let’s see how we can avoid all these duplications and get out of this clutter.

© 2020 Lean ISO Management Systems

We Got Rid of the Manual!

Since we eliminated the wordy manual, we are one step ahead in the game. The copy of the standard in the
manual is gone! Now our structure looks much Leaner—only the procedure and the record are le�. Our record is
a purchase order that communicates to the supplier our needs. Let’s keep in mind that records o�en contain
su�icient responses to the requirements of the standard and the needs of your business. If not, simple
enhancements to the template record may eliminate the need for a procedure.  

© 2020 Lean ISO Management Systems

Record Addresses Requirements

So, if we can leave without the procedure, our documentation structure for this element of the standard may
look something like this. It is much more straightforward and much Leaner.

To summarize:

Eliminate the manual or use Lean Manual, if you choose to have one,

Ensure that appropriate records contain su�icient details to address the needs of the company and
requirements of the standard, and

Consider eliminating the corresponding procedure.

Opening Video Source: mutra / Creatas Video+ / Getty Images Plus via Getty Images.

Mark Kaganov is a principal consultant with Lean ISO Management Systems. The company provides consulting
and training on developing and implementing Lean management systems and documentation compliant with ISO
9001, ISO 13485, ISO 14001 standards, and 21 CFR 820 FDA regulation. For more information, visit
LeanISOManagementSystems.com. You also may explore how to create a Lean Business Manual on the YouTube
Channel at https://www.youtube.com/watch?v=sbr52i5XSbY&t=2s
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Modern Gaging Trends:
Technology Evolves to Meet the Needs of Today’s

User

MEASUREMENT

IMPLEMENTING THESE NEW TECHNOLOGIES WILL MAKE TODAY’S GAGES EASIER
TO USE, OFFER MORE CAPABILITIES IN AN EASIER-TO-READ FASHION AND

SURVIVE POINT OF MANUFACTURE GAGING. 
By George Schuetz

All types of gaging, whether it be hand tools, comparative gages, complex measuring stations or portable surface
finish gages, have long gone digital. Many of today’s digital gages can perform complex measuring tasks and
share information faster and easier than systems produced 10 years ago.

In many facilities, the quality control technician monitoring part quality in an inspection room, in a far corner of
the plant, long a�er the product was produced is so 20th century. The norm today is monitoring part quality at
the point of manufacture. This allows operators to inspect the part for quality and, using process control
techniques, prevent bad parts from being produced. However, production operators have been trained to run
fast, powerful and complex machine centers; they are not necessarily trained as quality control technicians.
Thus, the gaging that is placed into the machinist’s hands must produce accurate and reliable measurements and
also be easy to use without additional training.

This has created an underlying trend to make all gaging easier to use
with more powerful capabilities – along with the ability to survive the
tough working environment in which they will be used. Where is the
inspiration for ease-of-use coming from? Many innovative gaging features
are inspired by the smart phones and tablets that today’s machinists have
grown up using. They are experienced with digital technology and can
quickly go from one device to the next without skipping a beat. It is only
logical to build on this familiarity and incorporate similar interfaces into
today’s gaging at the point of manufacture.

But it’s not only the user interface that inspires trends in new gaging
products. Smartphone displays offer HD quality clarity and speed of
response; the materials being used are futuristic, and even battery
technology can extend the use of mobile products. Bringing these
advances in operation, materials and displays to gages provides users
with gaging capabilities never seen before, and offers more value.

The HD displays are in brilliant
color allowing the gage to display
a good or bad part indication to
the user by indicating a green or
red background.

Make It Look And Act Like A Smart Phone
The latest portable surface gages interface with the user just like a smart phone. Today, swiping, tapping and
expanding are second nature to many people. In fact, because of this, most are confident handling a device that
looks like a smart phone and, with the right user interface, they can become instantly familiar with it. Thus, the
trend is to build on users’ familiarity with digital technology from using other products so that new users, even
those not familiar with a particular field, will require very little training and can operate new gages within
minutes.

Still, machinists are under a lot of production pressure and are not experts in surface finish. To the machinist and
user of the surface finish systems, this most likely means new parameters, tolerances and set-up information are
specified for each new part manufactured. Even with the simplest surface finish system, there are literally
hundreds of possibilities in set-up parameters.

Just like a camera in a smart phone will o�en be set to an auto mode on a phone, a mobile surface gage can be
set up similarly. There are modes in many tools today for error-free operation through international standard-
compliant settings and automatic cuto� selection which ensures even non-measurement technicians can obtain
the correct measurement results. Making good measurements is really as easy as pressing the start button to
begin the measuring trace.

High response, high definition displays are being employed in gaging systems that bring an analog display-like response to
users.

Gaging In HD
In spite of the digital revolution, there are some functions where an analog readout may be more practical. A
simple example comes to mind when trying to read and make a decision on a digital display where the reading
may be changing due to a dynamic situation—for example, rotating a part for diameter change or searching for a
high spot while sweeping through a bore. A brief glance by a trained operator may be all that is needed to detect
presence, distance, direction and even size on an analog dial. Just watching the sweep of the needle across the
dial of an analog amplifier may provide all the information a machinist needs to make the right decision to
maintain control over his process—even without actually reading any numbers from the dial.

There have been many digital bench amplifiers in the past that tried to simulate the motion of a digital display,
but the results were o�en unimpressive. The analog simulator would be slow to react or skip segments as the
display tried to keep up with the transducer signal. It was not su�icient for an experienced operator to get those
direction and distance signals needed for the measurement.

PC gaging systems with newer monitors began to provide a means of simulating good analog display. But only
recently has HD display been added to bench amplifiers. Today the same types of LED displays found in smart
phones are making their way into bench amplifiers and virtually simulating the screen resolution and
performance of a high-quality monitor. Not only are color and high resolution possible, but speed of response is
the key to simulating an analog meter. Now that analog bar graph on a bench amplifier can respond even faster
than an analog meter and look just as “smooth” – no jumping or skipping segments.

Also, since the display is basically a smart phone screen it can be changed per the measuring applications from a
single digital display or combination analog/digital readout. Or for a more complex gaging display, one, two or
more results with di�erent configurations on the same screen can be generated, all in color for part classification
and easy decision making for the users.

New coatings for air plug gaging,
borrowed from cutting tools, offers
extremely long life. The coating
colors are often darker, signifying the
coating is in place and offers a visual
indication should it eventually wear
and the base material show through.

New Materials For Tough Shop Environments
The materials and coating used on the volumes of electronics on the market today has become important
because of the look, manufacturability and environmental concerns involved in creating the appearance of some
pf these products. Take the chroming processes for example. Many users like the clean shine of a chromed
product. Manufacturers have also relied on chrome to provide long wear life and prevention of rust. However,
environmentally, chrome has become a very large problem and a major source of pollution. It is only a matter of
time before many forms of chroming become so regulated that it will become cost prohibitive.

Therefore, the industry has increasingly turned to Physical Vapor Deposition (PVD) as a way of creating good
looking and functional appearances on parts that satisfy their purpose without the environmental concerns.
Various PVD processes have been developed and adapted; some purely for looks, others made specifically for a
particular function. Take cutting tool bits for example. Extremely hard materials were o�en used for cutting tools,
but the development of coating has transformed the industry to where specific types of coating are applied to a
base material, producing products with extreme wear characteristics.

Once again, gaging manufacturers are taking advantage of these industry-specific developments and using them
to their own benefit. Chroming was o�en either a standard feature or a custom option for various gages or
contacts on gages to increase wear. Additionally, chroming may have been an option that was selected when the
gaging was going to be used in a harsh, humid environment where rust was a serious concern. Gages are also
now utilizing some of the PVD processes used in the cutting tool industry to help them last longer and prevent
rust, and help the environment by reducing the need for chroming operations.

Case in point is mechanical plug gages and air tooling. Both can be subjected to high wear applications and used
in wet/humid environments. Normally, chrome would have been specified as a means to handle increased wear.
A special coating, such as AlCrNi (Aluminum Chromium Nitride composition), can be applied to gages that adds
very minimal size change while o�ering extreme hardness for long life in some of the most demanding manual
and automated processes.

One of the benefits of this coating is its color, which tends to be darker than the base material it is applied to.
Therefore, should the tool at some point wear through the diamond-like coating of the material, one would be
able to see the marks, providing an inspection process for worn tooling. For automated measuring systems, this
is an important feature since it can be visible in process and would not require dimensional checking of the tool
outside the process.

Most mechanical and air plug tooling can be high volume and not necessarily part of an automation process. The
tools with this new coating will most likely outlast the production runs they were designed for.

Thus, there are many benefits: an environmentally friendly manufacturing process, harder surfaces, no chipping
or rusting and a look that can help identify wear should it ever happen. Again, another example of new
technologies being brought into the gaging world.

Technology Moving The Industry
Basically, proper dimensional measurement comes down to physics and metrology. There are basic rules, true
today and always, that have to be followed to achieve good results. But technology developed for other products
and industries can be adapted to today’s gages. Implementing these new technologies will make today’s gages
easier to use, o�er more capabilities in an easier-to-read fashion and survive point of manufacture gaging.

Opening Image Source: FG Trade / iStock / Getty Images Plus via Getty Images.

Remaining Images Source: Mahr

George Schuetz is director of precision gages at Mahr. For more information, call
(800) 343-2050, email Marketing.pvd@mahr.com, or visit www.mahr.com.
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Modular Tooling
Keeps On Truckin’

TEST & INSPECTION

THIS TECHNOLOGY IS HERE TO STAY. 
By Linda Goodwin-Marino

On a cold, windy night about half past midnight you’re cruising down a lonely highway and check your rearview
mirror. That hulking vehicle is gaining on you. You instinctively move over and let the eighteen-wheeler pass you
by because he owns the road and we all know it. Where and how do they make those beasts anyway? Well, all
over the world and the long haul trucking or “Over the Road” (OTR) vehicle industry is no stranger to
implementing modular tooling for their fixturing needs, especially in America.

They even make tow trucks to tow those monsters. And when a base vehicle needs a drastic modification the
reusability and reconfigurable fixturing with modular tooling products on the market today just keep getting
better and with ease. When the big rigs require multiple part inspection naturally the modular componentry
needs to be more robust in dimension and strength.

Enter a larger structural modular framing component and connection elements and a profile with a thicker wall
of high tensile strength aluminum. Preferably, of the 7000 series material with a hard coat anodize surface
throughout. This larger profile will a�ord best practice fixturing for those massive parts. For example, a fuel tank
measuring large diameters in feet not inches. These tubular parts are o�en heavy metal structural forms of
welded steel bodies maybe stainless. Imagine the twin tall exhaust “pipes” on either side of the cab or tanks
mounted on board flatbed trailers hauling liquid on a 54’ rig. Materials vary. Molded heavy duty plastics
containers (an updated material design feature to transport large capacity fuel or milk) enables considerable
weight savings when loaded with less fuel consumption by the cab. On the smaller scale, think window washer
fluid reservoir. The tubular, cylindrical or round part has always been a challenge for fixturing but with the right
holding clamps and locating elements it’s a snap.

Presenting these parts to the CMM for inspection can and will be tricky. Unlike a small car door, fender, hood and
more, all the cab, or body parts for exterior and interior in these large scale vehicles are checked with similar
processes. New designs for this challenge and to accommodate change in design for workholding is a key reason
to look to modular systems. Even the latest tech will bring electric vehicles (EV) to these big rig manufacturers.
There has been a continuous drive (no pun intended) to roll with the necessary changes for massive batteries,
storage and charging componentry. It’s inevitable that this technology is upon us and the freight vehicle makers
are responding. The short haul and long haul requirements are growing and EV will be a major force for the local
delivery trucking industry. Online shopping has been a target for these vehicles, especially over the last year with
more shopping and delivery options during the global lockdowns.

The parts list is massive on any vehicle and almost every part is inspected in this industry. When the inspection
team needs to zig le� or right to get a rack of parts to the assembly line for production they need to act quickly.
The last thing they want is to stop production because the part problem down the hall is in fixturing and not a
lack of parts from an outside supply chain.

Management has been making the call to keep things rolling (sorry, another pun). Empowering their human
element with the tools they need to get the job done has never been more critical. Budgetary, finance or plain old
ROI (return on investment) is eminent. The “kit” concept vs. dedicated fixtures is the way they go more and more.
The solution is simple whether it’s a backup plan or procedural because the value is obvious. It saves time and
money hands down. Get your kids some functional interactive toys and watch that bottom line improve.

Having the right components is a learning process. Sort of like calories in, calories out: more parts, more
components and more options. Sizing up your “family” of parts takes time but there is no shelf life issue with
modular tooling. I always say, “It’s like a toy box that never gets old or goes out of favor.” It just keeps improving
not unlike the end product coming o� the production line.  

During the pandemic, distancing and masking created new challenges and ever persistent, as of this writing, we
have had to make decisions on the fly daily, weekly, if not hourly to move forward in all facets of communication
and manpower. Whether it be sta�ing or outside sources, the need to zig when you can’t zag, the various teams in
manufacturing have had to focus. “I came into the plant and due to part shortages we had to stay busy and get
the job done. Because I had modular tooling already in service, I could whip up a fixture and get it done while
waiting for parts so we could reopen production when part shortages were over,” said one large ORV
manufacturing inspection manager in Texas. He had the right tools for the job and got it done.

As an example, a design fixture built for a rocket engine component was special but had many reusable modular
tooling components. Next to zero waste. This complex tool was for a very large diameter tubular component.
This manufacturer was also under the gun to build and change tooling to meet critical deadlines. The beauty was
that the part (CAD) files were changing rapidly and the connecting tubular sections, with flange mounting
assemblies, were also changing and not always in sync. This team was able to make adjustments on site by
removing the special machined holding “nets,” make updates and easily replace with the simple locking and
clamping devices.

These types of projects can get time sensitive if not “Code Red” critical. End customers for the final product on a
contract basis just can’t wait, so it’s a team e�ort. Limiting the finger pointing with this type of solution made
everyone come up for air and made it happen. Not so easy with a traditional, dedicated fixture that would require
all of the processes of making a change—not on the fly by any means. That project was for aerospace rocketry in
the late ‘90s and could still be in re-use today.

The point is that this technology is here to stay and just getting better and better. The new breed of inspection
teams are truly learning how to implement systems in a multitude of ways. From parts large and small, metallic
or plastics, it’s all suitable. Unless a part or assembly is so heavy that the systems on the market today just can’t
withstand the structural mass, then looking into modular tooling with training and cross training members in
engineering, the tooling rooms and inspection rooms, at all levels, will a�ord solutions with time and cost savings
front and center. The guys upstairs are still happy.

Yes, there will be times when the old school welded, normalized, painted, yada yada the heavy construction
welded fixture probably works best. There will be limitations. By comparison, over the years with technological
ideas shared in the fixturing industry, the choices are now endless. Using process of elimination and discussing
what works and what doesn’t opens up the conversation. New tech vs. old tech will never end so just “be
creative, think modular” and keep on keepin’ on.

Opening Image Source: RichLegg / E+ via Getty Images.

Remaining Images Source: Paul W. Marino Gages Inc.

Linda Marino is the president of Paul W. Marino Gages Inc. For more information, call (800) 528-9785 or visit
www.pmargage.com.
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SOFTWARE & ANALYSIS

CONSIDER THE FOLLOWING TECHNOLOGY INNOVATIONS
AVAILABLE TODAY AND IN THE NEAR FUTURE.

By Morgan Palmer

Leveraging New Technologies to Future-Proof Your

Quality Management System

The past year has taken a toll on companies that have had to shi� gears and innovate in order to remain afloat,
serve customers and quickly pivot to meet a changing situation. If ever there was a time when a company’s
quality needed to light the way, it was this year. Quality management systems (QMS) proved their worth, helping
to ensure the safety of plants, the e�iciency of factory lines and supply chains and the promise of defect-free
products. It’s never a good time, but this year, companies simply could not a�ord to tarnish their brand
reputation, nor pay the he�y cost of noncompliance or product recalls. This is the time when an agile QMS that
can keep pace with changes was needed more than ever.

And so quietly, the QMS took its place as one of the essential workers during COVID-19. Many companies turned
to their QMS to more easily conduct remote audits, control and manage documents from anywhere, collaborate
and communicate with supply chain partners, identify potential problems before they became a reality and
standardize safety practices in the plant.

But as we head out of the pandemic, manufacturers are realizing that there’s even more that can be done to
boost quality automation. Technology advances and enterprise-wide digital transformation are enabling a new
level of possibilities, as well as requirements. No longer is a QMS simply a compliance scorekeeper, but a value-
added solution to strategic business growth. So, based on lessons learned during the pandemic, what should
companies be looking for in their next Quality Management System? Consider the following technology
innovations available today and in the near future:

Cloud Everything. According to Gartner, “global spending on public cloud services will be up 18.4 percent in
2021 and hit $304.9bn, fueled by the uptick in demand for o�-premise services.” When it comes to the need for
cloud adaptability, a QMS is no exception. A key consideration for future proofing your system is to ensure that it
can be configurable, scalable, secure and easily upgradable. If the cloud solution is simply a hosted version of an
on-premise o�ering, the ability to e�iciently integrate advanced infrastructure could be limited. When working
o�-premise without the ability of IT to easily install, program or configure the system for every enhancement and
innovation, the power of an advanced, cloud-native QMS, which o�ers the highest levels of security and flexibility
can come in handy.

Advanced Analytics. Leveraging quality data to predict future outcomes, identify trends and drive continuous
improvement are the key benefits of advanced analytics. Given the vast amount of data any QMS collects, it’s
important to take this data to a whole new level of usability. Advanced analytics are enabling deeper insights into
supplier quality, manufacturing processes, customer complaints and problem resolution. By relying on historical
information, manufacturers can identify and become alerted to warning signals and better plan for future issues
that can impact business. Advanced analytics has become a key pillar of digital transformation, as well as a
strategic element of Quality 4.0.

Deeper Enterprise Integration. With corporate tech stacks continuing to become deeper and automation
driving more activities, a QMS must be flexible enough to connect to many other applications for enterprise
system integration. Systems also should be able to integrate with suppliers for easier and more e�icient
collaboration and integration into quality work streams. In addition, the QMS’s analytics should be able to
integrate with a company’s Business Intelligence (BI) tools to enable a two-way data exchange and a complete
analytics view of quality and corporate data.

Automated Safety Management. One thing that won’t be going away following COVID-19 is the focus on health
and safety in the workplace. An advanced QMS should be able to help you analyze and identify job hazards before
they occur by putting the right controls into place. Advanced features can help you break down a job into its
various operational steps and analyze each step for potential safety hazards and recommend the right preventive
measures. They also can help to gather behavioral data to identify unsafe practices or faulty equipment that can
impact the health and well-being of employees and help you better manage risk.

AI-Driven Quality. Artificial Intelligence (AI) algorithms will increasingly become embedded in your QMS to
boost quality outcomes, make predictions and prescriptions, test and learn autonomously. Yet, the quality of
your data will drive how accurately your AI solution will operate. Built upon existing quality data, along with
enterprise-wide data, AI can sort through large amounts of information to arrive at decisions or flag potential
problems. AI can be expected to bring QMS to new levels of e�iciency and automation.

Future-Proofed Scalability. As companies scrambled to update and reconfigure systems for remote work
during the pandemic, many found that their current solutions could not keep pace. A key requirement in a QMS
going forward will be scalability so that IT teams can easily add users, and deal with ever-growing amounts of
data or geographical expansion, without adding new hardware. And, cloud-native systems will be able to
dynamically provide scalability and continuous improvement to your QMS without requiring resource-intensive
upgrades.

As many companies can attest, quality management systems played a starring role in enabling business
continuity during the pandemic, and they will continue to be essential workers well beyond it. Thanks to
advances in technology, the next generation of QMS solutions are prepared to handle today’s quality challenges,
as well as whatever lies ahead.

Opening Video Source: gorodenko� / Creatas Video+ / Getty Images Plus via Getty Images.

Morgan Palmer has been at the forefront of quality management technology for more than 20 years. As CTO and
the technical architect for ETQ, he acutely understands the needs of companies across a variety of industries to
automate core processes and leverage advanced analytics for competitive advantage, as well as to meet key
quality, safety and health and compliance goals.
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GOOD LEADERSHIP IS NEEDED TO ACHIEVE RESULTS.
By Michelle Bangert

Leading the Way

We’ve all seen movies where a leader inspires his or her team
with a moving speech and a call to action. But one
characteristic is usually absent.

“Have you ever seen them ask any questions? They just know
what to do,” says Terence Coleman Jr., president of Tecnova
Electronics Inc.

While Hollywood frequently presents leaders as all-knowing,
it’s important that leaders ask questions and seek out
feedback. Despite what is pictured in movies (or TED talks),
Coleman says good leaders must ask questions and build
rapport with their sta� so they can trust that this feedback is
honest. They don’t need to know everything—but good
leaders must know the goals for the company.

Becoming A Leader
Quality veteran Jim Smith describes the characteristics
needed for a career in quality, how leaders can be
developed, and why you have to be a little bit of a
masochist to be a quality manager.

0:000:00 / 0:00/ 0:00

“Leaders know what the goal is, have a strong commitment to that goal, and work with the team to reach that
goal,” Coleman says.

And based on their quality results, it seems to be working for Tecnova Electronics. The Quality Leadership 100
ranks companies based on factors such as continuous improvement programs; contribution of quality to
profitability; average hours of quality training; as well as registration to various standards. Tecnova is a certified
electronic contract manufacturer that frequently appears on the Quality Leadership 100 ranking (and earned the
top spot in 2020).

During times of crisis good leadership is essential. Think of how important a leader is during wartime—or,
similarly, a pandemic. But what makes a good leader? How do you improve your leadership skills? What should
you do to develop your skills in quality?

Here we’ll discuss trends in leadership as well as advice for would-be quality leaders.

A Born Leader
A�er meeting a good friend and natural leader in grade school, Jim Smith would o�en think “What would Harold
do?” He recalled an example from his friend who went on to success as an Air Force general and just recently
passed away. Smith says leaders frequently exhibit leadership characteristics from a young age, and Harold was
the same way. He recalled the eighth grade team meeting where the coach was explaining why only some
students would be getting school letters that year. The policy was that you would only get a letter if you had
played a certain number of quarters. With this rule, two students would be excluded, even though they had
shown up to practice and helped the team along the way. Harold asked why this was and said that he didn’t think
it was fair. He told the coach, “If those students aren’t getting a letter, I don’t want one either.” Then another
student said the same. In the end, the coach agreed to give letters to all of the players.

This stuck with Smith. While leaders can be developed, he does think some characteristics are innate. Smith, a
quality professional with more than 50 years of experience, has written on the subject in the past. In his article “A
Recipe for E�ective Leadership," he writes, “Two-way communication is critically important for leaders. A�er it
has been developed, leaders hear suggestions, learn of complaints, are aware of problems and in all other
respects know what is going on.”

Smith said during his career in management he tried to check in with his sta� every day and show a real interest
in them as a person. This only works when the interest in genuine, he adds. For example he might ask a parent
how their child’s baseball game went the night before. In addition, he said it’s important to know how to give
e�ective feedback. While positive feedback is easy, he said it’s important when a team member hasn’t done
something exactly right. Setting an example is also critical, Smith says. “People are always watching what you do
when you’re a leader,” he says. “Are you honest? Do you have integrity? Do you walk the talk?”

Better Leadership
If you’re looking to improve your leadership skills, Coleman o�ers this advice: look at successful leaders you’ve
met and try to learn from them.

“A close family friend used to say, ‘Feedback was the best gi�. Good leaders are always looking for ways to self-
improve.’ I really liked that,” Coleman says. “I ask for lots of feedback ... O�en when managers ask for feedback
they are just told everything’s fine because nobody wants to make waves. My team knows I really appreciate their
feedback. They are able to tell me when things are or aren’t working.”

Though he said it’s apparent sooner or later if things aren’t working, it’s always helpful to find out sooner. Thus,
he aims to ask a lot of questions and receive honest answers. In addition, Coleman coaches his sta� to find a goal
and stay focused on it, no matter what hurdles may appear.

One way to get results as a leader is to get involved. Coleman says he’s been known to put on a smock and do
inventory for an hour just to learn more about the process. He’ll ask, “What do you like about this process? What
do you not like about this process?”

“Try to make sure that decisions made in the conference room work for the people that do the work,” Coleman
says. If you’re not listening to those on the shop floor, you’re missing out.

The Next Leaders
For manufacturers that want to address leadership challenges, Coleman suggests looking to the next generation
and listening to their ideas. While inexperienced sta� members may be dismissed, it can also lead to new ideas as
opposed to having “the same people in the same room making the decisions.”

A few months back Coleman spent a few hours with the sta� member in the shipping department who packs
boxes. He asked how they could make the work easier and what changes would help. If this was done across the
organization, it would improve things on a larger scale.

Of course, even when things are going smoothly at your company, an unexpected hurdle may present itself. The
pandemic was challenging on many levels, Coleman says. One challenge was maintaining positive team
interactions in the face of a pandemic, which he said his team did a great job handling. Another di�iculty was
simply “the unknowns,” he says. You wouldn’t know if customers would cancel their orders or double them, he
says.

In the end, the company was ultimately closed for just two days during the pandemic. While things were harder
and took longer, they were able to overcome the di�iculties.

And this holds true for many other companies. Manufacturers around the world were critical in fighting COVID-
19. Carolyn Lee, executive director of the Manufacturing Institute, points out that along with health care,
manufacturing was an important sector in getting us through the pandemic, by producing PPE as well as
vaccines. That’s “proof in concept of impact of manufacturing,” Lee said. “Lean in to that.”

The Hunt For Leaders
“I’ve yet to come across a manufacturer who isn’t looking for team lead roles to fill,” says Lee. She says this can
be done by diversifying the talent pool when searching for leaders. This diversity has the added benefit of
improving innovation at a company, she says.

While there are various ways to improve leadership skills, Lee says that one important skill manufacturing
leaders need is communication. “Manufacturing is a team sport. It is about the entirety of the team that builds
these successes, the broader team. It’s not a lone wolf kind of sector here.”

Opening Video Source: tiridifilm/Creatas Video via Getty Images.

Michelle Bangert is the managing editor of Quality.
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Products
THE LATEST PRODUCTS TO HELP YOU IMPROVE YOUR MANUFACTURING

PROCESS
LK Metrology Horizontal Arm CMMs
To supplement its super-high-accuracy HC-90 ceramic horizontal arm
coordinate measuring machines (CMMs), British manufacturer LK
Metrology has introduced three additional models of technically
advanced design based on an aluminum construction. They provide users
with multiple a�ordable alternatives for dimensional inspection of large
components typically found in the automotive, land transport and heavy
industries.

The new, horizontal arm CMMs are supplied in three ranges – the LY-90T
table version, LY-90R rail version with single or twin arms, and the shop
floor ready HD-90 rail version with single or twin arms, which has been
developed specifically for quality control of vehicle bodies and sub-
assemblies in car plants.

Of rail design, the HD-90R single-rail and HD-90TR twin-rail models o�er superior dynamics and accuracy and are
designed for use in production areas. They are encapsulated in protective covers to ensure thermal insulation
against environmental changes and to protect the system from airborne contaminants typically found in a
workshop environment.

The CMM rails can be installed on the floor without the need for a special foundation or may be recessed with
heavy duty walk-on covers protecting the X-axis slideways. The open structure guarantees maximum accessibility
to the measurement area, simplifying manual or automated component loading and unloading in a production
area, including those employing roll-on/roll-o� pallet transfer and in-line/line-side automation.

Air bearings mounted on both the Y-axis and Z-axis are the key element of this high-performance measurement
solution. For the twin-arm version, the measurement volumes of the two horizontal arms overlap each other by
100 mm to ensure access to all component features. Ten sizes of HD-90 are available with axis travels from 4,000 x
1,600 x 2,000 mm to 8,000 x 1,600 x 3,000 mm.

Typically used in line-side metrology applications, the LY-90T table CMM has the horizontal arm installed on
guideways side-mounted onto a cast iron surface plate for the measurement of small, medium and large sheet
metal and plastic components, for example. The table and special three-point support system eliminate the need
for expensive dedicated foundations. The LY-90T is available in 21 standard models with axis travels ranging from
2,000 x 1,200 x 1,000 mm to 6,000 x 1,600 x 2,500 mm.

The LY-90R single-rail and LY-90TR twin-rail CMMs o�er a similarly technically advanced, cost-e�ective, typically
in-line metrology solution for the dimensional control of large, heavy components found in vehicle manufacture
and heavy engineering. The rails can be installed flush at floor level, with heavy duty walk-on covers protecting
the X-axis slideways. The open design provides full access for part loading/unloading, including within in-
line/line-side automated inspection cells with roll-on/roll-o� transfer systems. The LY-90R is available in 17
standard models with axis travels ranging from 2,500 x 1,500 x 1,500 mm to 6,000 x 1,600 mm x 2,500 mm.

LY-90 machines are modular in construction and easy to configure, with Y- and Z-axis air bearings, double
recirculating X-axis bearing guideways (LY-90R/TR) or X-axis air bearings (LY-90T), counterbalance with safety
brake, super high resolution linear encoders and DC servo motor drives. This design combines the flexibility and
automation of a CMM with the speed and intuitive use of traditional measurement gages.

A full range of probing options is o�ered to suit all types of metrology application, including motorized indexing
probe heads and touch trigger probes, infinite positioning servo wrist heads with long reach probe builds,
scanning probes, and single- or triple-stripe laser scanners. On o�er also is an advanced array of so�ware,
including LK CAMIO measurement, programming, analysis and reporting so�ware and ArcoCAD metrology
so�ware from Metrosta�. The Industry 4.0 Metrology Gate portal provides remote access to quality data and
CMM status from any internet connected device anywhere in the world. LK Metrology's o�ering is rounded o� by
a vast array of automation options.

LK Metrology
www.lkmetrology.com

Creaform VXelements 9.0
Creaform announced the release of the latest version
of its VXelements platform. Several new features as
well as existing features enhancements were
developed to provide improvements. Whether in
VXscan, VXinspect, VXmodel, or VXscan-R, experts and
beginners alike will discover tools that will make their
work much easier, faster, and profitable.

In a desire to perfect VXelements and the synergy between the so�ware and hardware, each VX module was
upgraded to meet the ever-changing needs of the users and today’s constantly evolving industries. Here are some
of the important advantages of this latest version:

New - VXelements viewer: Used for data sharing, this free version of the platform will enable customers
or colleagues outside the team to visualize the data firsthand, making collaborative projects simpler and
faster.

Smart resolution: Available for the latest generation of Creaform 3D scanners, this new feature allows
users to generate scans from multiple resolution levels to better reproduce details, edges and high
curvatures. Higher levels of resolution can be automatically created in several ways: by so�ware
intelligence; by being triggered from the scanner; and by being generated from a selection on the mesh
or from a template.

VXmodel: With the addition of the Flatten mesh, the Extrude boundaries and the Extend boundaries
features, this module will enable users to carry out post-treatment operations on 3D scan data simply
and e�ortlessly.

VXinspect: Quick inspection tools – such as One-click entity creation, new construction methods for
geometrical entities, and new reporting capabilities –  are just a few of the improvements that will add
simplicity and flexibility to the 3D inspection so�ware.

VXscan-R: A new and improved Surface feature combined with the Smart resolution feature will make it
easier for users to generate robot trajectories and get the most out of their automated quality control
solutions.

Creaform
www.creaform3d.com

Fluke Process Instruments, Boston
Dynamics Industrial Acoustic Imaging
Fluke Process Instruments has partnered with Boston
Dynamics to bring Fluke Process Instruments’ new
SV600 Fixed Acoustic Imager capabilities to Boston
Dynamics’ agile mobile robot Spot®.

In a video released by Fluke Process Instruments, the
SV600 Fixed Acoustic Imager can be seen mounted on
Spot with payload accessories that will be available to
order from Fluke Process Instruments.

The SV600 Fixed Acoustic Imager enables users to detect, locate and visualize air and gas leaks or changes in
mechanical sound signatures across their process and equipment in real-time before they become costly
problems. By using an array of sophisticated sound sensors and powerful SoundMap™ technology, the SV600
translates the sounds that it hears into a visual representation so you can quickly locate problem areas.

Spot takes inspection to the next level. Designed to go where other robots can’t go and to perform a broad
number of tasks, Spot traverses unstructured terrain to automate industrial inspections, monitor remote or
hazardous environments and provide situational awareness in remote settings. The robot can also be
reconfigured for various use cases to increase e�iciency and greatly reduce safety risks. With the SV600 payload
Spot will now be able to automate air and gas leak detection and identify mechanical sound signatures.

Fluke
http://www.flukeprocessinstruments.com/SV600Spot

Boston Dynamics
www.BostonDynamics.com

FLIR T865 Thermal Camera
FLIR Systems announced the latest T-Series high-performance
thermal camera, the FLIR T865. Built for electrical condition
and mechanical equipment inspection, and for use in research
and development applications, the T865 provides ±1 °C (±1.6
°F) or ±1% temperature measurement accuracy, a wider
temperature range between –40 °C to 120 °C (-40 °F to 248 °F),
and more on-camera tools for improved analysis. A free 3-
month subscription to FLIR Thermal Studio Pro and FLIR
Route Creator, and a 1-month subscription to FLIR Research
Studio is included with purchase.

With ±1 °C (±1.6 °F) or ±1% temperature measurement accuracy, professionals can more confidently inspect and
assess equipment health regardless of the time between inspections or changes in environment conditions. By
reducing measurement variation, companies can reliably prevent equipment breakdowns and outages in utility
substations, power generation and distribution, data centers, manufacturing plants, or facility electrical and
mechanical systems. For those in research and development, the improved accuracy provides the temperature
measurement detail required to eliminate any guesswork in research, science, and design that uses the
visualization of heat.

The T865 o�ers professionals versatility with portable and handheld fixed mount options for inside and outside
work in harsh conditions, and multiple lens options to inspect objects both near and far. The available 6°
telephoto lens provides the required magnification for those routinely inspecting the condition of small targets at
a distance, such as overhead power lines.

For inspections through an IR window, the available 42° wide-angle lens and on-camera transmission adjustment
ensures safe and accurate measurement of targets within enclosures. For those needing even more detail of
small componentry, the available macro lens, along with the new macro-mode, provides 2x magnification
compared to the standard lens. Further, the 640 x 480 detector resolution, o�ering 307,200 pixels or the
UltraMax™ 1280 x 960 resolution, o�ering up to 1,228,800 pixels in FLIR Thermal Studio Standard and Thermal
Studio Pro, allows professionals to see images clearly.

FLIR 
www.flir.com/t865
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RECENT BREAKTHROUGHS IN SENSOR TECHNOLOGIES HAVE SHOWN GREAT
PROMISE IN SWIR MOVING INTO THE MACHINE VISION MAINSTREAM.

By Jeremy Govier

Advancements in

Short Wave Infrared Sensors

Imaging using short wave infrared (SWIR) radiation has long o�ered interesting properties for industrial machine
vision but has been slow to be adopted. SWIR o�ers many useful properties that can make things that are
invisible under white light become visible, as well as making opaque objects under white light transparent. This
can allow machine vision lenses to see into objects they otherwise could not, increasing contrast between
objects that otherwise look very similar. But despite these advantages, the adoption of SWIR has been very slow.

Recent breakthroughs in sensor technologies have shown, however, great promise in SWIR moving into the
mainstream of machine vision. These new breakthroughs have resulted in new imaging sensors covering visible
and SWIR wavelengths with a high quantum e�iciency (QE), which describes how e�iciently incident light is
converted to electric signals. High sensitivity to both visible and SWIR wavelengths is something that has
garnered a lot of interest and discussion already, but the other attributes of the sensor are also very interesting
and important for their adoption in industrial machine vision and inspection.

What Makes These New Sensors Special?
In addition to a good QE over wavelengths from 0.4 to 1.7µm, these new sensors o�er smaller (5µm) pixels, low
noise, and high pixel quality. These qualities are all things expected in the visible spectrum for an industrial CMOS
sensor but are rare for SWIR systems. This means that SWIR sensors are moving closer to the quality demanded
by the machine vision and inspection industry.

Smaller pixels allow for more pixels over a given sensor size, which o�ers several important benefits. First being
reducing the cost of the sensor, as smaller sensor sizes means more sensor can be fabricated per semiconductor
wafer. This also a�ects the cost of the optics. As the sensor size goes down, the focal length of the lens for any
given angular field of view will also go down, which will reduce the size and cost of the optics required. The
smaller pixels lead to physically smaller and lighter optics, allowing for easier integration into industrial
environments.

Low noise is a key parameter for machine vision because noise can result in measurement errors, slower
decisions, and false decisions. Reducing noise at the sensor can also speed up inspections as less noise reducing
averaging of the data needs to be done.

High pixel quality or a lack of pixel defects has long been a standard requirement for industrial sensors in the
visible but has been a significant problem in InGaAs sensors for the SWIR in the past. Low pixel quality results in
the need to do further image processing to find and ignore data from bad pixels, slowing processing and resulting
in less useful information.

The good quantum e�iciency is an important requirement for an industrial machine vision sensor. High QE
means that less photons are needed to generate a strong electrical signal. The better the QE, the shorter the
exposure that is needed, which means in an industrial application fast-moving parts can move past the camera
with minimal motion blur. Less lighting is needed or smaller aperture lenses can be used when the QE is high. For
SWIR imaging, having a high QE is especially important.

The specific attribute of having high QE in the visible, while unique for a SWIR sensor, is not something that is as
exciting for machine vision. So, despite it being the property that is being talked about the most, it is likely not
nearly as important to the adoption of the new sensors as the many other positive attributes mentioned above.

SWIR Imaging Applications
SWIR light interacts with many materials di�erently than visible light. Some objects will be transparent or
semitransparent in SWIR but opaque in visible. Some plastics can be seen though in SWIR but are opaque in the
visible, allowing for the inspection of the contents of an opaque white bottle (Figure 1). Similarly, silicon
substrates become transparent in the SWIR and you can inspect components that would otherwise be obscured
in visible light. Some objects absorb SWIR light that otherwise reflect visible wavelengths, making otherwise
white objects appear dark in the SWIR. This can be used to identify and separate materials that would otherwise
appear identical in the visible. SWIR can penetrate the surface of a lot of organic material allowing for imaging
things just below the surface, such as bruising of produce (Figure 2).  

Figure 1: A SWIR imaging system can image through this opaque white bottle to reveal the profile of the hidden substance
inside the bottle.

Figure 2: SWIR wavelengths can reveal bruising in produce that is invisible when inspecting the produce using visible
wavelengths.

All of these phenomena that take advantage of the ways SWIR interacts with material di�erently than visible
wavelengths can only be seen if the SWIR light is captured by the sensor. If the sensor also sees a white light
image in addition to the SWIR, the visible light information will cloud over the information from the SWIR, losing
contrast or obscuring it completely. To avoid this, either only SWIR light needs to be used in the illumination, or
filtering needs to occur to block the visible light. Many applications will only need the SWIR information so just
illuminating with SWIR or using a filter that passes only the SWIR will su�ice.

There are some applications that require alternating information from visible to SWIR wavelengths. For example,
in the earlier produce inspection example, the SWIR only would be used to look for bruising, but the visible light
could be used for looking for produce color. For this application, alternating illumination could be used, but this
would require that the object is only being illuminated by light that can be controlled and not additional ambient
sources. For applications where the illumination is not entirely controlled, filtering will be necessary. Alternating
filters can be di�icult and expensive to automate, so using multiple cameras can o�en be simpler and cheaper,
especially for the case where one camera is only looking at the visible light. A visible light camera and lens will be
significantly cheaper than the SWIR camera and lens for a comparable resolution.

For imaging both SWIR and visible wavelengths there is another consideration: chromatic aberration. Even in
simple visible lenses there exists a phenomenon called chromatic aberration that reduces performance. This
comes about from a physical property of the glass used in the lenses of the imaging assembly called dispersion,
which is a change in the bending power of a glass with respect to wavelength. This dispersion causes chromatic
aberration in which di�erent wavelengths will be focused di�erently by the lens. Chromatic aberration can be
minimized in the lens design by carefully balancing what materials with di�erent dispersion values are used to
a�ect where each wavelength is focused. The vast majority of o�-the-shelf camera lenses are color corrected for
the visible light. There are a smaller number of lenses optimized for color correction over just the SWIR. These
lenses tend to be several times more expensive than a comparable visible-designed lens (Figure 3). Many things
drive this higher cost but primarily it is the complexity of correcting the chromatic aberration in the SWIR.
Correcting chromatic aberration in the SWIR is more di�icult because optical glasses act di�erently at these
wavelengths and do not have the kinds of dispersions that are ideal for balancing the chromatic aberration. Many
lens elements are used, making the designs more complicated and expensive because of the less ideal choices of
dispersions available for correcting the chromatic aberration. When being used monochromatically or over a
relatively small band of wavelengths, a lens not designed to be color corrected for the SWIR can still preform
adequately. Because of this, a lens designed for visible light can be used in the SWIR when using either a narrow
filter of narrow band illumination, such as LEDs.

Figure 3: It is possible to make
imaging lenses corrected for
chromatic aberrations spanning
both the visible and SWIR
spectra, but this is more
complicated and costly than
lenses corrected for a smaller
wavelength range.

However, if you want to use both visible and SWIR light, a very complex amount of color correction is needed.
This is possible and lenses do exist on the market that perform excellently. However, it is very complex and thus
expensive. The cost of a color corrected lens working in visible through SWIR is several times more expensive
than a lens color corrected for just SWIR.

Applications requiring the use of both visible and SWIR can use a single new SWIR sensor and a single lens color-
corrected for visible through SWIR wavelengths along with either alternating illumination between the two or a
moving filter option. Alternatively, a new SWIR sensor could be used with a SWIR designed lens and a SWIR-pass
filter, and a second visible only camera with a standard visible lens could be used to result in significant cost
savings without requiring moving parts or alternating light sources.

The new visible-SWIR sensors entering the market o�er significant advantages for SWIR industrial machine
vision, such as small pixels, good QE, low pixel defects, and low noise, even if this particular market will not be
taking advantage of the visible light sensitivity.

All Images Source: Edmund Optics

Jeremy Govier, principal engineer at Edmund Optics. For more information, email JGovier@edmundoptics.com.
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SYST EMS INT EGRAT IONVISION  &  SENSORS

AN INTRODUCTION TO WHEN AND HOW TO INCORPORATE DEEP
LEARNING IN INDUSTRIAL AUTOMATION APPLICATIONS. 

By David L. Dechow

Machine Vision Systems Integration:

Deep Learning

Deep learning has become a useful tool in the integration and implementation of machine vision systems in the
automation environment. Deep learning provides value in certain industrial inspection applications including
tasks such as defect detection and assembly verification, especially when features to be detected require
subjective decisions like those that might be made by human visual inspection. Many of these applications also
might benefit further from a solution that uses both analytical (“traditional”) machine vision algorithms along
with deep learning.

In all cases though, the competent systems integration of components and so�ware - from application analysis to
design and implementation to final validation - remains critical to the reliability and long-term success of every
solution.

AI, Deep Learning, And Machine Vision
Deep learning in image recognition and classification is a relatively new (since about 2010), specific “artificial
intelligence” (AI) technique for implementing machine learning (ML) in a variety of applications including vision.

Historically, this technology evolved from the bigger concept of AI, which has been a focus of scientists since even
before the era of digital computing. Early research into “computer vision” – making computers “see” and
comprehend images in a way similar to humans – introduced many of the image processing and analysis
algorithms that became part of the specific engineering discipline that has for decades been known as “machine
vision” within the automation marketplace.

The so-called “traditional” machine vision implementation techniques involve creating analytical “rules” about a
target image that are executed using algorithms that return specific information about (or perhaps
measurements of) the object or scene. On the other hand, deep learning so�ware for machine vision does not
externally use “discrete” or “rule-based” analysis (although internally much of the low-level analysis is similar).
Instead, it “learns” to recognize objects and features through a data-centric training process where many
representative example images are provided to the deep learning system.

Broadly used in computer vision for image recognition and classification in consumer tasks, deep learning
leverages and expands upon early “neural network” concepts from AI and now is being applied successfully to a
growing number of applications in industrial machine vision. But the successful design, configuration, and
implementation of applications using deep learning calls for an integration approach somewhat di�erent from
that used in traditional machine vision projects.

Deep Learning Systems Integration: An Overview
Integration, of course, is the broad undertaking of “making the system work” for a targeted vision application. As
with any automation project, using a formal integration process that details steps for planning, design,
implementation, and deployment always helps ensure success. (The names for your integration process tasks
might be di�erent, but nonetheless it is important to have and follow a well-considered strategy.) For this
discussion, our overview will focus on the design and execution elements of the integration process that are
unique to the success of a deep learning application.

It is important to note that implementation of computer vision deep learning tools and techniques in industrial
applications may require an expanded team and some skillsets di�erent from those used in standard machine
vision. It might be a prerequisite that a data scientist be included in what traditionally might have been an
“engineering-discipline” team. Some deep learning so�ware providers o�er their inspection solutions as a long-
term service (“so�ware as a service” or “SasS”) to help ensure that the customer has the necessary access to
deep learning technology experts to provide tuning and maintenance of the so�ware.

While the general tasks (planning, design, implementation, deployment) remain the same, execution steps for
deep learning systems integration di�er from traditional machine vision. The key steps to be undertaken are:

1. Select an application suitable for deep learning: Undertake an application analysis to understand the
needs of the system in the production setting and prepare a project specification that details the
measurable outcomes that will define the success and value of the system and how those outcomes can
be achieved.

2. Deploy a well-designed imaging system to perform data (image) acquisition and collection.

3. Collect representative images depicting the classes of defects or features that must be detected along
with images that are “good” – the initial “dataset.”

4. Label some of the initial dataset for training (can involve visual evaluation and manual segmentation of
features/defects in images by more than one human inspector).

5. Learn (train) the models and validate the results with test images from the original dataset.

6. Run the models and empirically test performance in production with respect to detection/classification
capability, reliability, and/or other application metrics.

7. Re-learn as required with more data (images) (steps 3-6) to cover specific cases that didn’t succeed in
production; tune the dataset(s)/labels, models and algorithms as needed to achieve required system
performance.

8. If new classes (features/defects) are introduced, repeat steps 3-7.

Let’s take a brief look at a few of the steps and their importance to systems integration for deep learning in
machine vision.

Imaging remains a key part of all machine vision applications.  These two images of the same part show how correct optics and
illumination must be used to highlight features of interest. Source: Integro Technologies

Applications Suitable For Deep Learning
Some tasks that would be overly complex or virtually impossible with “rule-based” machine vision might be
addressed successfully with, and could be good candidates for, deep learning. Likewise, if an application can be
performed easily, reliably, and robustly using analytical machine vision tools and components, switching to deep
learning might result in unnecessary complexity and even cost for the project and probably would not be
appropriate.

Generally, deep learning does well in situations where subjective decisions need to be made like a human
inspector, and particularly in situations where the identification of specific features in the scene is di�icult due to
complexity or perhaps variability of the image. In these cases, a good rule of thumb is that if a human could easily
and quickly be trained on how to di�erentiate good parts from bad visually, deep learning likely could be
suitable. Specifically though, deep learning is not a good choice for applications that require confirmation of
physical metrics, in-line precision measurement or location of features, or identification of small variations in size
and shape of objects.

Furthermore, it sometimes is di�icult even for experts to predict in advance the level of long-term success that
might be achieved in a deep learning application. In the industrial marketplace where o�en, a strong premium is
placed on “return on investment” in an automation project, the inability to guarantee a level of performance in
advance might be a limiting factor in selecting deep learning technology. This situation is compounded by the
fact that deep learning implementations might sometimes yield somewhat low performance on initial startup,
and then require weeks or months of additional data collection and tuning to achieve reliability typically
expected in manufacturing (95-99%) in terms of false accept false reject rates. One key to success is to collect a
statistically relevant number of images of the features to be trained very early in the process to develop the
classifications and gain an initial estimate of the ultimate success of the training. Also, a hybrid technology
implementation might be a solution in these cases, as we will discuss later.

This shows the key tasks performed in a deep learning implementation, and examples of what those
operations might look like using sample data.  Source: Mariner USA

Image Formation Always Is Critical To Success
Image formation requirements are the same for deep learning tools as for analytical machine vision tools. Simply
put, the image to be processed must successfully show the features or defects that must be classified and
inspected. It is reasonable to say that deep learning might be more tolerant of imaging variation and confusing
scenes in some cases, but it cannot automatically produce reliable results in applications with unreliable
imaging. If a human inspector labelling the dataset cannot easily “visualize” the features/defects in collected
images, or if multiple inspectors cannot agree on the labelling it is a strong indication that the image formation is
insu�icient to achieve reliable results.

Proper camera selection along with knowledgeable and creative design of optics and illumination has long been
a fundamental prerequisite for machine vision systems integration and many experts share the opinion that
competent imaging contributes 85% or more to the success of an application. The bottom line is that if an object,
feature, or defect is too small, too blurry, or is indistinguishable from the surrounding background then no
processing technology or so�ware approach will be reliable in detecting it. While a deep dive into image system
design is beyond the scope of this discussion, the key point here is that the imaging technique remains a key part
of integration even for deep learning applications.

Data Reigns
In the general process of integration for deep learning implementations as noted above the collection of images
to be used in training models takes the place of the algorithmic image analysis that is the hallmark of analytical
machine vision techniques. In this case the image is data, and both the amount of and quality of the data directly
impacts system success. Deep learning/AI experts might o�en work to improve a model by modifying and tuning
code, but a di�erent paradigm in deep learning is emerging driven by industry leader Andrew Ng (Coursera,
Landing.ai) that promotes a “data-centric” emphasis rather than a “model-centric” emphasis. For those
integrating industrial machine vision using deep learning the brief takeaway is that image quality is just as
important as image quantity and the iterative process of labelling and learning will improve the system results.

Hybrid Machine Vision Solutions Merge Analytical And Deep Learning Tools
While deep learning in certain use cases can be a stand-alone solution, many applications will benefit from a
hybrid implementation of both analytical and deep learning tools. For example, the iterative process of collecting
and training these images to obtain guaranteed reliability of a system might require days, weeks, or in some cases
months of image collection and continuing re-learning or tuning of the deep learning model(s). During this
process, analytical machine vision tools could “bridge the gap” in many cases to allow the system to be
functional in terms of detecting some level of non-conforming parts, and even automatically labelling the related
images for subsequent use in a deep learning dataset. In this hybrid configuration, an inspection can be partially
or even fully operational while enough images are collected to make the deep learning algorithms reliable.

Ultimately, the entire project might be most reliable and robust with a hybrid combination of both analytical and
deep learning tools. One scenario would be to have the traditional machine vision toolset “pre-screen” features
and quickly pass or fail obvious good and non-conforming parts. Images that are not confidently classified at that
point could be further analyzed by deep learning to make a more subjective decision based on the learned
parameters.

In conclusion, getting the most out of deep learning as a tool in the machine vision systems arsenal remains a
function of a well-considered integration protocol. Hopefully this discussion has provided a useful baseline for
success in your next application.

“Machine vision” or “computer vision”?
It might be evident that these two terms perhaps do not describe identical technology implementations, though
sometimes they are used interchangeably. The result: potential lack of clarity and understanding when
manufacturers and users discuss implementation of a particular product or system.

From a historical point of view, the term computer vision has been used since the early 1950s to describe a broad
science related to AI. Machine vision is a term first used around 1970 generally in the context of an engineering
technology (which coincidentally utilizes many of the algorithms that emerged from computer vision research
and development).

Today, there are many ways one could di�erentiate the terms: based on technical or historical context, on
imaging or processing concepts, or even for marketing purposes. Practically though, in observing common usage
of the terms when talking about industrial automation, it seems to be the case that o�en “computer vision” is
meant to describe an implementation of “deep learning” and machine vision means the use of “analytical,”
discrete processes and algorithms. There is no real consensus though, and clarification could be needed if the
terms are not obvious in your project discussions.

Opening Video Source: DKosig/Vetta via Getty Images.

David L. Dechow is the principal vision systems architect at Integro Technologies. For more information, email
ddechow@integro-tech.com or visit http://www.integro-tech.com.
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How AI and Machine Vision Impact

Vision Robotics
JUST AS HUMANS NEED GOOD DATA TO MAKE BETTER

DECISIONS, SO DO AI SYSTEMS. 
By Genevieve Diesing

Vision guided robots (VGRs) enable defect free production by providing important quality information, such as
data about flaws and measurement tolerances, which a blind robot programmed to act within a coordinate
system or stage cannot deliver.

They can detect detects through inspection, which directly impacts quality. They can also use predictability, or a
method where a robotic system stops due to a vision system erroring, thereby identifying an issue in the process,
as an indirect form of quality.

Both approaches use Industry 4.0 to identify and flag defective products, which makes it more e�ective. Vision
systems can also record and upload quality data to an external system, which operators can use to predict and
respond quickly to errors. Some leaders even use the data to enhance deep learning models.

“The Industry 4.0 vision is to have an intelligent connected manufacturing system that is highly data driven;
therefore, the accuracy of the data, how fast it is obtained, and the data interpretation is key,” says Frank Stone,
national sales manager, Capture 3D.

“The resulting data provides insight into the entire product lifecycle from design to development to production
for a modernized lean manufacturing strategy. This data unlocks Quality 4.0 capabilities, such as digital assembly
analysis, allowing you to use digitized components to virtually build an assembly for form, fit, and function
analysis regardless of the physical location. Simulating the assembly process within the digital space reduces
costs and accelerates launch time.”

Machine vision, which is a form of artificial intelligence, is very prominent in robotics today, says Nick Longworth,
senior systems application engineer, SICK Inc. The pandemic has only boosted its use as end users look to create
more automated and flexible processes due to labor shortages.

“There are both mature and nascent areas to the robotic machine vision field,” Longworth says.

“On one hand, you have traditional rule-based algorithms like pattern matching, optical character recognition,
and other tools, which have been allowing robots to complete pick-and-place and inspection tasks for decades.
On the other, you have machine learning and deep learning applications that are allowing the industry to
complete tasks that seemed impossible a few years ago, like anomaly detection in wood grains.”

The mature, rule-based products are most popular in robotic machine vision, he explains. At least a few can be
found in just about every facility using robotics and are easy to use and highly reliable. In contrast, machine
learning and deep learning are just new to vision robotics.  

“Due to complexity and need for further development, they are currently reserved for applications where they
are absolutely needed over their traditional rule-based vision counterparts,” Longworth says. “They receive a lot
of attention because they have the potential to alter robotics as we know them.”

For instance, experts expect deep learning to reach general productive use within two to five years, he says.

Steve Re�, automation and launch support manager, Capture 3D, says that AI and machine learning typically
replaces repetitive tasks to achieve faster throughput.

“For quality control and dimensional inspection, AI technology is just not there yet, because the industry needs to
adopt full-field data collection as a standard—and it must be good data,” he says. “With complete, high-quality
data sets, there is potential for AI to become capable of making intelligent decisions through machine learning
and eventually take over more decision-making processes for us in the future, but first, we need to secure
consistent access to good data sets.”

Just as humans need good data to make better decisions, so do AI systems.

“The better your data is, whether you're a robot or a human, the better, faster, and more accurate your decision-
making is,” he says. “Accurate data is always at the core of every good decision.”

Lavanya Manohar, senior director, Cognex, says she expects to see the number of vision-enabled robots to grow
in the next decade.

“We also expect more and more deep learning to be utilized in the inspection and positioning of robots,” she says.
“We expect robots to operate with more intelligence and move into areas of more complex grabbing, positioning,
and scene-understanding. We expect to see more adoption of 3D vision within robotics and not just traditional 2D
vision.”

Trends in the vision robotics field come down to two words: “simplify” and “complexity,” Longworth says. 

“End users are attempting more complex vision applications but want to simplify the way they are built,
programmed, and supported,” he says. “Many small to medium sized end users also may want to DIY the
integration to cut costs.  This has led to a rise in more configurable and “no-code” technology. These solutions
allow users to build complex applications without advanced knowledge of robotics or machine design.”

Application involving complex tasks such as bin picking or deep learning were considered to be far too complex
for practical use, such as in production or a warehouse, he says, but today, companies have developed products
to simplify them. For example, PLB so�ware enables users to solve a bin picking application in a few configurable
steps and have their robot picking parts within a couple of hours of unboxing the camera, he says.  Older
technology, such as 2D vision, is also getting the same simplifying treatment.

Combining automation and PLB so�ware democratizes vision technology to new users while allowing
experienced users to improve their facilities and processes.  

“It allows companies with less resources to automate e�ectively and e�iciently, while giving experienced users
another avenue for development and continuous improvement,” Longworth says.

Stone echoes this.

“We are seeing exponential growth in the demand for automated solutions. The trend is to go automated to
increase throughput and program repetitive processes because, for ROI purposes, everyone wants to streamline
processes and cut costs—and the best way to do that is to automate the process,” he says.

For example, lights out manufacturing is a methodology that allows companies to run an eight or 12-hour shi�
without human interaction. Organizations can literally turn o� their lights, and find inspection reports generated
for them the next morning by an automatic part loading batch processing system.

“In the short-term future, we will see more solutions similar to this because the industry is looking for ways to
automate processes and become more e�icient and leaner in the way they manufacture goods. As this space
becomes more competitive, implementing automation, whether through vision robotics or otherwise, can
provide a great ROI.”

Additionally, these solutions also free up an operator or another resource to do something else.

The robotics industry is increasingly willing to “try out vision,” Manohar says.

Manufacturers continue to turn to deep learning and 3D vision, and robots have also become easier to use. Both
are becoming more a�ordable.

Still, there is room for improvement.

“Despite all the improvements made in the area of vision with 3D and deep learning and traditional high-accuracy
2D, the technology is still relatively lower down the S-curve compared to inline manufacturing use-cases for
vision — such as measurement, gaging, identification,” she says. “Continued algorithmic improvements, greater
hand-eye flexibility between the robot and vision, and a full-system optimization per use-case will be required to
see adoption rates accelerate.”

Image Sources: Cognex.

Genevieve Diesing is a contributing editor to Quality.
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Camera Link Standard
Continues to Evolve with Machine Vision Industry

ALTHOUGH MORE THAN TWO DECADES OLD, CAMERA LINK
SHOWS NO SIGN OF SLOWING DOWN.

By Donal Waide

Launched in 2000 by the Automated Imaging Association, the Camera Link™ digital interface standard has stood
the test of time, evolving with a changing machine vision marketplace and becoming a universal means of
creating applications by seamlessly connecting PC-based vision acquisition so�ware, cameras, cables and frame
grabbers. Despite the introduction of newer protocols, such as CoaXPress, USB3 Vision and GigE Vision, Camera
Link remains popular today due to its simplicity and high data throughput rate. It continues to provide a solid
solution with many camera and frame grabber options on the market.

Camera Link (CL) was originally designed by National Semiconductor as a basic, inexpensive means to satisfy the
needs of the PC mass market, but it was quickly adopted as a workhorse in real-time industrial vision and imaging
applications. The AIA has released several upgrades over the past two decades, including Camera Link 1.1 in
2004, Camera Link 1.2 in 2007 with Power over Camera Link (PoCL), Camera Link 2.0 in 2011.

Prior to Camera Link, there was a proliferation of proprietary digital protocols. This led to confusion due to
varying implementations with minimal or no interoperability between them. The key benefit of the Camera Link
standard was its compatibility. It brought a common standard to setting up di�erent cameras with third-party
frame grabbers, all without having to make expensive changes to the hardware or so�ware. It also made
upgrading cameras or frame grabbers easier and less expensive.

Depending on the amount of data that needs to be transferred, four configurations of Camera Link are available:

Base configuration: Camera Link base configuration carries signals over a single 26-pin MDR cable and 11 LVDS
pairs to produce bandwidths of up to 255 MB/sec (2.04 Gbps).

Medium configuration: Camera Link medium configuration uses a second 26-pin cable to double bandwidth
and produce sharper images up to 510 MB/sec (4.08 Gbps).

Full configuration: Camera Link full configuration adds another 16 bits, resulting in a 64-bit data path that can
carry 680 MB/sec (5.44 Gbps).

Extended configuration: Also known as “Camera Link Deca” or “80-bit” the extended configuration works by
eliminating redundant control signals and taking advantage of unused wires for image data. This results in an 80-
bit data path and a maximum possible throughput of 850 MB/sec (6.8 Gbps).

A frame grabber is deployed in this 100% print inspection system that improves the way the packaging industry inspects
materials printed on high-speed web presses.

Selecting CL Frame Grabbers
Frame grabbers are necessary to capture or “grab” high-resolution, high-speed frames from a digital video
stream, and transfer data load from the camera to the memory of the PC. More advanced frame grabbers can
acquire multiple inputs simultaneously from several cameras, and transform and compress images, along with
other capabilities.

When designing or upgrading a Camera Link vision system, the frame grabber’s cost can be as much of a factor as
its performance, depending on the application. For some, performance is the end-all and as such, they will
specify the frame grabber that does precisely what is required no matter the price point. For others, however,
price will dictate just how “exact” they want their system to be, or how much they can compromise with
limitations such as bandwidths and distances. Application requirements determine exactly what performance
features are needed in a Camera Link frame grabber. Before you buy, here is a list of questions to ask:

Is there a large volume of data that needs to be acquired from the camera?

Is high-speed data acquisition involved?

What is the service life of the board?

How long will the company support it?

Is deterministic latency an essential component of the application?

Can the system deal with dropped or lost frames?  

Are there additional components to consider such as encoders or strobes?  Other I/O? 

Is it a single or multi-camera system?

What about cable length? In other words, how far away can the PC be stationed?

By asking and answering these questions, you will likely come to a conclusion as to what performance
parameters are needed in a frame grabber to meet the complexity of your system.

A BitFlow Camera Link frame grabber was used as part of a 3-D structured-light imaging system for the the Robomotive™
humanoid robot.

New Developments In CL
Although CoaXPress (CXP) has received the bulk of attention lately, other developments in Camera Link
technology shouldn’t be ignored. Some of these developments are occurring at the lowest level of the Camera
Link standard: Base.

For example, the newest generation of CL base frame grabbers is making it possible to bring the power,
acceleration and versatility of high-end CoaXPress frame grabbers into a Camera Link system environment by
incorporating sophisticated DMA engines and bu�er managers. Unlike earlier CL base models, these newer frame
grabbers have been optimized for the fully loaded computers used in factory automation with features such as
easier switching between di�erent tap formats, a more powerful acquisition engine, PoCL Safe Power, and
flexible I/O and timing generators. As a result, no on-board memory is needed, even with the fastest CL Base
cameras and at acquisition rates up to 24 bits at 85 MHz.

Support beyond the two-tap configuration of CL base is important. In a two-tap configuration, the maximum
transmission rate per cycle is 2x the number of bits.

Faster CMOS cameras with larger sensors require a more expensive CL medium frame grabber with four-taps, at
least. Now CL base frame grabbers are available that support all taps including a three-tap configuration that is
ideal for 8-bit images.

Although more than two decades old, Camera Link is showing no signs of slowing down. For machine vision
applications in the 100-800 MB/sec range it remains a reliable, high-speed universal solution supported by
hundreds of camera, cable, frame grabber, so�ware and accessories companies.

Opening Image: This Camera Link frame grabber supports up to four
cameras running independently or synchronized.

All Images Source: BitFlow 

Donal Waide is the director of sales at BitFlow Inc., a frame grabber manufacturer in Woburn, MA. He has been
involved in the machine vision industry since the 1990s.
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This Case Studies Special Advertising Section features manufacturing companies with real-
world challenges using quality equipment, so�ware and services to solve their problems
and improve their processes. These problem-solving stories describe myriad manufacturing
challenges and how the correct application of a supplier’s product or service made the
di�erence, providing quantitative benefits to quality and manufacturing issues.

The suppliers in this special section present these real-world problems and solutions to help
Vision & Sensors subscribers who may have similar experiences.

Case Studies
—  SP E C I A L  A D V E R T I SI N G  SE C T I O N  —

100% inline inspection of
electronic components
Challenge: Measuring the height of pressed-in pins

In addition to miniature dimensions, the production of
electronic components also requires high-speed
processes that provide the highest quality. Therefore,
the automated production steps in this area require
extremely tight production tolerances.

Modern inspection machines are used to check the quality of the printed circuit boards immediately a�er the
pressing process. Equipped with Micro-Epsilon laser scanners, these machines inspect the height of the pressed-
in contact pins. If the pins are not fully pressed through the openings, contact with other components is not
possible, which can lead to failure. Therefore, a scanCONTROL profile sensor scans each PCB three-
dimensionally.

Depending on the cycle time of the process, the component passes through a complete scan within 7 seconds,
generating 1,280 points per profile. The recorded measured values are transferred as raw data to the customer's
image processing so�ware via the Gigabit Ethernet interface for Machine Vision (GigE Vision). The entire
evaluation process per PCB is performed in less than one second.

The so�ware calculates the pin height relative to the surrounding area on the PCB. The result is transmitted to
the control system, where it is immediately evaluated and a faulty PCB can be automatically rejected.
Furthermore, the system enables additional inspections to be carried out.

Micro-Epsilon's high-speed laser scanners are also used for 100% inline inspection in the production of IC pins
and connectors, such as coplanarity control or pin position monitoring.

Micro-Epsilon America
martin.dumberger@micro-epsilon.com

www.micro-epsilon.com

Smart Vision Lights Solves
Assembly Challenge
In automotive assembly, it’s a common need to align
and assemble two shiny metal parts of varying sizes.
This is challenging to automate because the low
contrast and high glare of metal produces images
that confuse the machine vision system. Instead of
seeing them as two distinct parts, the machine vision
system identifies it as one. A customer wanted to
automate the assembly of two metal parts and
approached Smart Vision Lights, experts in machine
vision lighting, for a solution to this challenge.

The manufacture of automotive parts requires strict adherence to many quality and safety requirements. One
such requirement is the necessity for anti-corrosive properties. To produce these properties, each part is given
multiple baths of varying solutions. These baths coat the product with a solution that is invisible to the naked eye.

Smart Vision Lights proposed that the larger of the two parts be dipped in a phosphate that fluoresces under
ultraviolet light, creating a form of self-illumination on the larger part. The phosphate could be added to one of
the already-existing baths. This, combined with the lower grayscale values of the smaller part, creates the
contrast separation needed to easily identify and align the two parts.  This process, centered around an
ultraviolet light from Smart Vision Lights, ultimately made the inspection more feasible by improving the speed,
accuracy, and overall robustness of this critical task. That, in turn, saved countless hours while increasing both
the throughput and quality.

www.smartvisionlights.com
sales@smartvisionlights.com

+1 (231) 722-1199

North American Solution for Seal
and O-ring Inspection
Seals and o-rings come in many shapes and sizes and are
used across industries in varying applications. While these
little seals can cost minimal amounts, they can cause
catastrophic failures for their final application if they aren’t
made correctly.  Splits, flash, pitting, out-of-round, and
incorrect size are all examples of visual defects that can
render the product useless.  For these reasons, post
production inspection machines are an integral part of the
high-speed manufacturing of seals and o-rings in today’s
world.  

When one of the largest manufactures of o-rings in the world found they could no longer count on their
European supply base for custom inspection machines, they went looking for a state-side supplier of equal or
greater technology.  They found Cincinnati Automation.

Cincinnati Automation is the preeminent manufacturer of seal and o-ring inspection machines in North America.
  With applications ranging from low volume, hand-loaded, o�-line systems to fully automated, high speed, auto-
fed sorting systems, Cincinnati Automation has an inspection system for almost any seal or o-ring application.  

These systems utilize multi-camera vision systems to check top, bottom, ID, and OD views plus cross-section.  And
while every application is technically di�erent, the technology Cincinnati Automation packages in every seal and
o-ring inspection machine is the same.

This customer was able to use a system for the medical device world that also has proven success in the
automotive industry. Cincinnati Automation o�ers reliability while maintaining flexibility for seal and o-ring
inspection and provides a solution unlike any other in North America.

info@cincinnatiautomation.com
www.cincinnatiautomation.com

859-371-5070

Eye-Tracking Technology Helps
Visually Impaired
A�er sustaining severe strain injuries, Robert Chappell
developed the first Windows-based eye-controlled
computer mouse for personal use. Two decades later, as
the Chief Technology O�icer of EyeTech, Robert
developed algorithms, hardware, and so�ware for eye
tracking. Needing small-form-factor, high-quality imaging
lenses for hardware, engineers at EyeTech sought out M12
(S-Mount) imaging lenses from Edmund Optics® for
product integration. Through several EyeTech product
releases, Edmund Optics has provided high-performance
M12 lenses from its large selection of o�-the shelf
components for EyeTech’s specific design requirements.

One of the most impressive EyeTech solutions enables eye tracking technology to improve quality of life and
enable independence and mobility for those with physical or neurological disabilities. Windows 10 features a
version of EyeTech’s eye tracking so�ware within the Ease of Access settings called Eye Control and can be
enabled with compatible hardware. EyeTech has also developed a standalone product with the help of Zynq
processors from Xilinx hardware, which is used by those who are movement impaired to move motorized chairs
and communicate.

EyeTech licenses its so�ware to several groups which integrate eye tracking technology into non-EyeTech
hardware systems, for a number of other additional uses. The Canadian Football League, National Hockey
League, and Major League Soccer all use EyeTech technology to perform the King Devick Test (K-D) to detect
brain trauma injuries in athletes. EyeTech’s eye tracking technology is also found in a range of other applications
including iris identification; website accessibility testing; and smart phones, tablet, television, kiosks, and
virtual/augmented reality headset integration.

Company Contact Info
Kyle Firestone is a technical marketing engineer at Edmund Optics, where his roles include creating technical
content and developing marketing strategies for the imaging business unit. He received a Bachelor of Science in
chemical engineering from Rowan University in 2017.
kfirestone@edmundoptics.com

https://www.edmundoptics.com/company/about-us/journey-future-of-optics/eyetech/
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Buyers Guide Premium 
Sponsorships

Accurate Technology (ProScale)

1270 Rutledge Rd., Unit E

Fletcher, NC 28732-9399

(800) 233-0580

sales@proscale.com

www.proscale.com

**To see all product photos, downloads, and more!**

QC gage manufacturer for measurement of big products. Since 1989, we have made simple encoder and 

complete turnkey solutions for measuring tubes, extrusions, shafts, sheets, panel goods, sheets, tiles, and 

much more. Ranges up to 30 feet, accuracy to +/-.002 inches. We also manufacture linear encoders for 

thousands of applications.

**Product Categories**

Automatic Gaging & Sorting Systems

Dimensional Measurement Equip.

Encoders

Gages, Electronic

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, Length of Travel

Measuring Machines

Noncontact Measurement Equip.

Readout Devices, Digital

Readout Devices, Digital

Sensors, Capacitive

Sensors, Inductive

Stages, Coordinate Measuring Equip.

Transducers, Linear Displacement

Turnkey Gaging Systems

Video Inspection Systems

Click Here
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Buyers Guide Premium 
Sponsorships

Arcadia Aerospace Industries

28000 Airport Rd., A-11 27256 Mooney Ave., Bldg. 110

Punta Gorda, FL 33982

(800) 370-2821

info@arcadiaaerospace.com

www.arcadiaaerospace.com

**To see all product photos, downloads, and more!**

AAI utilizes proprietary technology and extensive aerospace expertise to provide industry leaders with 

cost and rate sensitive solutions to advanced metal and composite material challenges in inspection, 

engineering, measurement and special process manufacturing.

**Product Categories**

Calibration Services, Materials Test Equipment

Immersion Tanks

Materials Testing Services / Labs

NDT Lab Services

NDT Scanners

Phased Array Ultrasonic Imaging

Robotic Inspection Systems

Ultrasonic Test Equipment, Inspection System

Click Here

BACK
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Buyers Guide Premium 
Sponsorships

Cimetrix Ltd.

1021 S.W. Klickitat Way, Ste. 102

Seattle, WA 98134-1100

(206) 340-5995

sales@leebhardnesstesters.com

www.leebhardnesstesters.com

www.cimetrixltd.com

**To see all product photos, downloads, and more!**

CIMETRIX Ltd has been in business since 1996. We sell and support portable hardness testers only. 

Being very focused on this market we provide the best support and service and expertise. Our business 

model is too provide the lowest prices and best value, sold through our website, 

leebhardnesstesters.com

Product Categories:

Hardness Test, Portable

Hardness Test, Ultrasonic

Ultrasonic Test Equipment, Portable

Click Here
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Buyers Guide Premium 
Sponsorships

Fowler Precision

66 Rowe St.

Newton, MA 02466

(800) 788-2353 x325

donp@fowlerprecision.com

www.fowlerprecision.com

**To see all product photos, downloads, and more!**

Now in our 74th year FowlerPrecision Tools is globally recognized as one of today's leading suppliers of 

high quality inspection, leveling, quality control and calibration equipment.Since 1946, we have been 

dedicated to supplying the most innovative products available anywhere in the world. 

**Product Categories**

Analog Indicators

CMM Programming/Simulation

Calibration Equip., Mechanical

Calipers

Cameras

Coordinate Measuring Machines (CMM), CNC/DNC

Coordinate Measuring Machines (CMM), Calibration Services

Coordinate Measuring Machines (CMM), Cylindrical

Coordinate Measuring Machines (CMM), Manual

Coordinate Measuring Machines (CMM), Portable

Coordinate Measuring Machines (CMM), Probes & Styli

Data Collection Equipment

Dimensional Measurement Equip.

Durometers

Electronic Levels

Electronic Test & Analysis

Electronic Test Instruments

Fixtures, CMM

Fixtures, Gaging

Gage Blocks

Gage Calibration/Management

Gage Masters

Gage Stands

Gages, Air ID Measurement

Gages, Air OD Measurement

Gages, Angle Measurement

Gages, Bore

Gages, Chamfer

Gages, Depth

Gages, Dial Indicator

Gages, Dial Indicator Snap

Gages, Electronic

Gages, Electronic ID Measurement

Gages, Electronic OD Measurement

Gages, Electronic Snap

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, Pin

Gages, Plug & Ring, Cylindrical

Gages, Plug & Ring, Thread

Gages, Thread

Gaging Accessories

Indicators, Dial, Contact Points

Indicators, Mechanical Dial & Electronic

Levels

Micrometers

Micrometers, Bench

Micrometers, Thread

Microscopes, Stereo

MultiSensor Measuring Machines

Noncontact Measurement Equip.

Optical Comparators

Optical Comparators, Accessories

Optical Measurement Equip.

Parallels

Probes, CMM

Process Control Equip.

Protractors, Bevel

Readout Devices, Analog

Readout Devices, Digital

Readout Devices, Digital

SPC/SQC & Statistical Analysis

Scanners, 3D Scanning Equip.

Scanners, Laser Scanners

Scribers

Sine Bars

Smart Cameras

Squares

Stages, Coordinate Measuring Equip.

Straight Edges

Surface Analysis Equip.

Surface Contour & Pro�le

Surface Finish & Texture

Surface Finish Equip., Averaging

Surface Finish Equip., Pro�ling

Surface Texture Comparison Blocks

Tapes / Rules, Measuring

Turnkey Gaging Systems

V-Blocks, Straight Edge

Vision Inspection Systems

Vision Systems

Wires, Thread Measuring
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Buyers Guide Premium 
Sponsorships

Hoto Instruments

3100 Dundee Rd., Ste. 707

Northbrook, IL 60062

(847) 564-2260

info@hoto-instruments.com

www.hoto-instruments.com

**To see all product photos, downloads, and more!**

Hoto Instruments offers durometers and manual or motorized constant load stands, digital torque 

screwdrivers and wrenches, torque testers and checkers for manual torque wrenches, electric drivers 

and impact tools, LED stroboscopes, digital tachometers and speed meters. Hoto Instruments is ISO 

9001certi�ed and ISO/IEC 17025 accredited with a knowledgeable sales/engineering staff. 

**Product Categories**

Creep Testers

Durometers

Encoders

Hardness Testers

Indicators, Speed

Stands, Test

Stroboscope Equipment

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Ultraviolet (UV) Equipment

Click Here

BACK
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Buyers Guide Premium 
Sponsorships

Imada Inc.

3100 Dundee Rd., Ste. 707

Northbrook, IL 60062

(800) 373-9989

imada@imada.com

www.imada.com

**To see all product photos, downloads, and more!**

Imada, Inc. specializes in mechanical and digital force gauges, manual and motorized test stands, digital 

torque screwdrivers, wrenches, torque testers and LED stroboscopes. Backed by our customer service 

plan: Knowledgeable, experienced sales/engineering staff;Custom applications; Fast delivery ; Fast 

calibration/repair.  ISO 9001 registered and ISO/IEC 17025accredited.

**Product Categories**

Adhesion & Bond Strength Testers

Bond Testers

Cable Testers

Calibration Equip., Force

Compression Testers

Creep Testers

Durometers

Friction Testers

Gages, Force

Hardness Testers

Indicators, Speed

Materials Test Equipment

Meters, Tension

Nondestructive Test (NDT) Equipment

Plastics Test Equipment

Shear Testers

Spring Testers

Stands, Test

Stroboscope Equipment

Tensile Testers

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Universal Testing Machines

Wire Crimp Pull Tester

Click Here

BACK
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Buyers Guide Premium 
Sponsorships

Ledford Gage Lab Inc.

P.O. Box 100 227 Industrial Dr.

Mulvane, KS 67110-0100

(316) 777-9300

sales@ledfordgage.com

www.ledfordgage.com

**To see all product photos, downloads, and more!**

Ledford Gage Lab Inc.  sells and calibrates precision tools and measurement equipment. One of the 

country's largest independent dimensional calibration labs, we can provide accredited, long form NIST 

traceable calibration reports for precision tools, gage blocks, thread and cylindrical gages, torque and 

force equipment. 

**Product Categories**

Calibration Labs

Dead Weight Tester Calibration

Dimensional Inspection Services

Dimensional Measurement Equipment Calibration

Durometer Calibration

Force Calibration

Gage Block Calibration

Hand Gage Calibration

Hardness Tester Calibration

Mechanical Testing Services

Metrology Services

Repair Services

Surface Plate Calibration

Thread Inspection Services

Torque Calibration

Click Here
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Buyers Guide Premium 
Sponsorships

LK Metrology Inc.

29550 W.K. Smith Dr., Unit B

New Hudson, MI 48165

United States

Phone: (810) 263-6100

Fax: (810) 263-6101

sales.us@lkmetrology.com

www.lkmetrology.com

**To see all product photos, downloads, and more!**

LK Metrology is a global manufacturer of dimensional metrology solutions. These include coordinate 

measuring machines, multi-sensor systems, laser scanners, portable arms and software for varying needs 

of manufacturers, both today and in the future.

Product Categories:

MEASUREMENT EQUIPMENT

 Coordinate Measuring Machines (CMM), CNC/DNC

 Coordinate Measuring Machines (CMM), Calibration Services

CALIBRATION SERVICES, CMM Calibration

TESTING / INSPECTION / MEASUREMENT SERVICES, CMM Inspection Services

SOFTWARE, DMIS/Computer & CAD Based Inspection

Click Here
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Buyers Guide Premium 
Sponsorships

Mark-10 Corp.

11 Dixon Ave.

Copiague, NY 11726

(631) 842-9200

info@mark-10.com

www.mark-10.com

**To see all product photos, downloads, and more!**

Mark-10 engineers and manufacturesforce and torque measuring gauges, systems, and accessories. 

From peel testingto tensile testing, from spring testing to weld strength testing, we helpQuality Control 

and R&D professionals around the globe assess and ensureproduct quality. Our products are made in 

the USA, and are covered by a 3-yearwarranty with free lifetime support.   

**Product Categories**

Adhesion & Bond Strength Testers

Bond Testers

Calibration Equip., Force

Calibration Labs

Compression Testers

Creep Testers

Dynamometers

Flexure Testers

Friction Testers

Gage Repair

Gages, Force

Gages, Strain

Indicators, Torque

Load Cells

Materials Test Equipment

Meters, Tension

Nondestructive Test (NDT) Equipment

Plastics Test Equipment

Repair Services

Shear Testers

Spring Testers

Stands, Test

Stiffness Testers

Tear Testers

Tensile Testers

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Torsion Testers

Transducers, Torque

Universal Testing Machines

Wire Crimp Pull Tester

Click Here
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Buyers Guide Premium 
Sponsorships

MARPOSS

3300 Cross Creek Pkwy.

Auburn Hills, MI 48326

(248) 364-2718

marposs@us.marposs.com

www.marposs.com

**To see all product photos, downloads, and more!**

Marposs is a leading global supplier of precision metrology equipment for improving productivity and 

reducing cost in manufacturing. Our shop-�oor solutions include manual and automatic gages, 

compensation systems; touch probes, laser tool setters; sensors; hardware & software for data collection 

& analysis; NDT systems and Machine MonitoringSolutions (MMS).

**Product Categories**

Analog Indicators

Automatic Gaging & Sorting Systems

CMM Programming/Simulation

Coordinate Measuring Machines (CMM), Probes & Styli

Detectors, Broken Tool

Dimensional Measurement Equip.

Eddy Current Test Systems & Equipment

Fixtures, Gaging

Gage Calibration/Management

Gage Masters

Gage R&R

Gage Repeatability

Gages, Air ID Measurement

Gages, Air OD Measurement

Gages, Angle Measurement

Gages, Automatic Size Control

Gages, Bore

Gages, Chamfer

Gages, Depth

Gages, Dial Indicator

Gages, Dial Indicator Snap

Gages, Electronic

Gages, Electronic Column

Gages, Electronic ID Measurement

Gages, Electronic OD Measurement

Gages, Electronic Snap

Gages, Fixed Limit (Go/No-Go)

Gages, Fixed Limit Plug

Gages, Fixed Limit Ring

Gages, Fixed Limit Thread

Gages, Fixture & Special Tooling

Gages, Flatness

Gages, Flush

Gages, Gear

Gages, Geometry

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, In-Process

Gages, Plug & Ring, Cylindrical

Gages, Plug & Ring, Thread

Gages, Spline

Gages, Thickness, Electronic

Gages, Thread, Indicating

Gear Inspection System

Gear Measurement Equip.

Geometric Dimensioning & Tolerancing (GD&T)

Geometry Measurement Equip.

Indicators, Dial, Contact Points

Indicators, Mechanical Dial & Electronic

Laser-Based Measurement Equip.

Leak Detection Equipment

MultiSensor Measuring Machines

Noncontact Measurement Equip.

Nondestructive Test (NDT) Equipment

Optical Measurement Equip.

Probes, Touch-Trigger

Process Control Equip.

Readout Devices, Digital

Roundness/Cylindricity Measurement Equip.

SPC/SQC & Statistical Analysis

Surface Analysis Equip.

Transducers, Linear Displacement

Turnkey Gaging Systems

Click Here
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Buyers Guide Premium 
Sponsorships

North Star Imaging Inc. - An ITW Co.

19875 S. Diamond Lake Rd.

Rogers, MN 55374

(866) 718-2471

sales@4nsi.com

www.4nsi.com

**To see all product photos, downloads, and more!**

North Star Imaging, an ITW company, manufactures, sells and services state-of-the-art industrial X-ray 

Imaging & ComputedTomography equipment & designs and develops software applications for its 

systems. NSI has a standard range of systems. Other services include as-neededInspection Services, 

Technical Service and NDT training. NSI is ISO certi�ed.

Product Categories

3-D Measurement Services & Imaging

Computed Tomographic Systems

Materials Analysis Equipment

NDT Certi�cation

NDT Equipment Repair

NDT Lab Services

NDT Labs

NDT Scanners

NDT Training

Robotic Inspection Systems

Training, Radiography

X-Ray Machine

X-Ray, Digital

X-Ray, Inspection Services

X-Ray, Inspection Systems

X-Ray, Tomography

Click Here
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Buyers Guide Premium 
Sponsorships

Q-Mark Manufacturing Inc.

30051 Comercio

Rancho Santa Margarita, CA 92688-2106

(949) 457-1913

sales@cmms.com

www.cmms.com

**To see all product photos, downloads, and more!**

SAME-DAY STYLI  Q-Mark Manufacturing Inc. offers same-day and overnight shipping on machine tool 

& CMM probe styli. Proudly made in theUSA and unconditionally guaranteed since 1992. The Q in Q-

Mark stands for quality. We are ISO 9001:2015 certi�ed. Order online at qmarkdirect.com.

**Product Categories**

Ceramics, Metrology

Coordinate Measuring Machines (CMM), Probes & Styli

Probes, CMM

Click Here
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Buyers Guide Premium 
Sponsorships

SigmaXL Inc.

305 King St. W., Ste. 503

Kitchener, ON N2G 1B9

(888) 744-6295

sales@sigmaxl.com

www.sigmaxl.com

**To see all product photos, downloads, and more!**

Established in 1998, SigmaXL Inc. isa leading provider of user friendly Excel Add-ins for Lean Six Sigma 

graphical and statistical tools and Monte Carlo simulation. SigmaXL has over 100,000users in more than 

180 countries. Customers include market leaders like DHL,FedEx, Hanes, Motorola, NASA, Shell, Sonoco, 

Southwest Airlines and TysonFoods. SigmaXL software is also used by numerous colleges, universities, 

and government agencies.  

**Product Categories**

Analysis/DOE

CMM Programming/Simulation

Failure Mode & Effects Analysis (FMEA)

Gage R&R

Gage Repeatability

Graphics

Other Software Applications

Process Control

Quality Function Development (QFD)

Regression Analysis

SPC/SQC & Statistical Analysis

Six Sigma

Total Quality Management

Training

Click Here
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Buyers Guide Premium 
Sponsorships

Statgraphics Technologies Inc.

P.O. Box 134

The Plains, VA 20198

(800) 232-7828

info@statgraphics.com

www.statgraphics.com

**To see all product photos, downloads, and more!**

Step up to the next level of point-and-click data visualization, statistical analysis, data modeling and 

predictive analytics with the new STATGRAPHICS 18 data solutions software. A comprehensive program 

featuring over 260 analysis procedures, 28 dynamic visualization Statlets, big data capacity, Monte Carlo 

simulation and integrated guidance and interpretation. Perform sophisticated statistical procedures 

minus the learning curve and expense other programs demand.

**Product Categories**

Analysis/DOE

Capability Studies & Statistical Analysis, Gage R&R

Capability Studies & Statistical Analysis, PPAP

Capability Studies & Statistical Analysis, SPC

Data Collection & Mining

Gage R&R

Gage Repeatability

Graphics

Lean Manufacturing

Manuals, Training

Process Control

Process Control

Quality Management Services

Quality Management Systems

Regression Analysis

SPC/SQC & Statistical Analysis

Six Sigma

Six Sigma

Statistical Process Control

Training

Training & Consulting Services
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Buyers Guide Premium 
Sponsorships

Webster Instrument Inc.

11856 Mississippi Ave.

Los Angeles, CA 90025-6115

(310) 479-6770

www.websterinstrument.com

**To see all product photos, downloads, and more!**

Since 1932, Webster Instrument, Inc.has manufactured portable WEBSTER Hardness Testers to support 

a variety of quality control applications.  We currently produce three models of our hardness tester to 

accommodate different material types and sizes.  Our extremely experienced staff has specialized in the 

production, calibration, repair and support of our testers for over 85 years. All of our products are 

manufactured and assembled in the U.S.A. from domestically sourced materials.

**Product Categories**

Hardness Testers

Click Here

BACK

https://www.websterinstrument.com/
https://www.websterinstrument.com/
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Buyers Guide Premium 
Sponsorships

Western Gage Corp.

3316-A Maya Linda

Camarillo, CA 93012-8059

(800) 423-5062

sales@westerngage.com

www.westerngage.com

**To see all product photos, downloads, and more!**

Western Gage Corporation, Manufacture of Dimensional Air & Electronic Gages, Custom Gages and 

Fixtures along withState of the Art Air Gage Readouts. Providing the industry with CustomProduction 

Gaging Solutions since 1968.

**Product Categories**

Dimensional Inspection Services

Gage Masters

Gage Repair

Gages, Air ID Measurement

Gages, Air OD Measurement

Gages, Air Snap

Gages, Angle Measurement

Gages, Fixed Limit (Go/No-Go)

Gages, Fixed Limit Plug

Gages, Fixed Limit Ring

Gages, Flatness

Gages, Plug & Ring, Cylindrical

ID/OD Measurement Services

Click Here

BACK
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https://www.westerngage.com/
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http://www.qualitymag.com/directories/2169-buyers-guide/listing/5859-western-gage-corp
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— CORPORATE —

Darrell Dal Pozzo
Chief Experience O�icer

Rita M. Foumia
Human Resources & Information Technology Director

Vincent M. Miconi
Production Director

Lisa L. Paulus
Finance Director

Michael T. Powell
Creative Director

Beth A. Surowiec
Clear Seas Research Director

Scott Wolters
Chief Event O�icer

— LIST RENTAL —
Please contact your sales rep.

— SINGLE COPY SALES —
www.qualitymag.com/scs

— REPRINTS —
www.bnpmedia.com/reprints

— AUDIENCE MARKETING —
Christopher Sheehy

Audience Marketing Manager

Hannah Schmidt
Integrated Media Coordinator

— REGIONAL MARKETING —

Buck Bicek
Midwest, New England, Mid-Atlantic, all countries outside the U.S. 

5820 Middaugh Ave., Downers Grove, IL 60516
Phone: (630) 971-0904 | FAX: (248) 502-1086 

bicekb@bnpmedia.com

Nadine Graber
Central, West and Southeast

155 N. Pfingsten Rd., Suite 205, Deerfield, IL 60015
Phone: (847) 405-4025 | FAX: (248) 283-6587

grabern@bnpmedia.com

— EDITORIAL/PRODUCTION —

Buck Bicek
Publisher | bicekb@bnpmedia.com

Darryl Seland
Editorial Director | selandd@bnpmedia.com

Michelle Bangert 
Managing Editor | bangertm@bnpmedia.com

James P. Hohner Jr. 
Art Director | hohnerj@bnpmedia.com

Jennifer Nagel 
Production Manager | nagelj@bnpmedia.com

Nikki Smith 
Online Development Director

Erin Mygal 
Directory Development Manager 

Editorial o�ices: 155 N. Pfingsten Rd., Suite 205, Deerfield, IL 60015
(248) 362-3700 | fax (847) 405-4100 | www.qualitymag.com
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Change of address: Send old address label along with new address to QUALITY MAGAZINE, P.O. Box 2146, Skokie, IL 60076.
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