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FROM T HE EDITOR |  DARRYL SELAND

FROM S UN TZU TO CHUCK MCGILL.

Knowledge is Power

Why do we remember the past, and not the future? It s̓ an interesting question in that it is thought provoking.
It s̓ also a perplexing question with no tangible, concrete answer, but many physicists would say we should be
amazed at how much of the question we can answer. The question stems from, or at least o�en follows, Albert
Einstein s̓ famous utterance, “Time is an illusion, although a stubbornly persistent one.”

We can even go as far as to replace the notion of memory with that of knowledge. Knowledge, a�er all, is facts,
information, and skills acquired by a person through experience or education, i.e. the memories of that
experience and education. So now the question becomes, “What if we had knowledge of the future?”

If we follow the countless stories of time travel and clairvoyance, knowledge of the future could inspire our
humanity, or our greed. If given the opportunity to travel back in time, would you travel back to the 1930s and
assassinate Adolf Hitler, or would you travel back to January of 1969 and place a bet on the underdog New York
Jets to beat the Baltimore Colts in Super Bowl III? Be honest!

No matter your answer, the question points to the accuracy of an old, but particularly apt adage—Knowledge
is power!

“By the way, I would kill Hitler AND bet on the Jets! D’uh.”

The Art of War—an ancient Chinese military treatise on the strategy, and philosophy, of the battlefield—by Sun
Tzu purportedly makes 28 separate references to knowledge, including “If you know the enemy and know
yourself, you need not fear the result of a hundred battles.”

As long as we are talking philosophy, one of my favorite quotes is, “Confidence is good. Facts are better, know
what you are walking into.” It s̓ attributed to a fictional character named Chuck McGill, a lawyer on Better Call
Saul, but it s̓ apt and I like it!

In the real world and on the “battlefields” of good business, particularly regarding the field of quality,
knowledge lies in training. As contributing editor Genevieve Diesing writes, “As the pandemic and advances in
technology impact the field, education and training remain paramount — especially for newcomers.”

So read Genevieve s̓ article, “How a Shrinking Workforce A�ects Testing and Inspection in NDT,” and check out
the results of our annual Spending Survey in this month s̓ Quality.

By the way, I would kill Hitler AND bet on the Jets! Dʼuh.

Enjoy and thanks for reading!

Opening Background Image Source: James P. Hohner Jr.

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

Lauded for her e�orts in innovation, Lynn La Pietra, Ph.D., Digital
Research and Development (R&D) Leader in Carestream s̓ Non-
Destructive Testing (NDT) group, won a Silver Stevie® Award in the
Most Innovative Woman of the Year – Technology category at the
2022 Stevie Awards for Women in Business. Dr. La Pietra has been
instrumental in developing products to detect problems in complex
infrastructures across industries.

An innovation translator and one of few women leaders in the NDT
industry, Dr. La Pietra relies on cross-functional communication and
collaboration to bring products to life, drawing on core strengths of
her team.

Carestream NDT Digital R&D Leader Wins
2022 Stevie Award for Women in Business

“I am among a field of very talented women with many outstanding credentials. Just being a finalist has been
a tremendous honor,” Dr. La Pietra said. “As women in business, we recognize how diverse thought can be
transformative to technology and to industry so, thank you, Stevie Awards, for recognizing our gi�s and
achievements.”

Carestream NDT s̓ breakthrough technology, its first non-glass large format detector, HPX-DR 3543 PE, is an
illustration of Dr. La Pietra s̓ approach—collaboration yields success. She directed developing technology,
originally designed for a medical device, toward NDT, a completely di�erent industry.

The new, next-generation non-glass detector is built for durability and reliability in harsh environments. It is
the culmination of collaboration within Carestream NDT and customers, leveraging technology to address
unique needs. It resolves a challenge—glass used in a detector panel could break, resulting in downtime and
associated expenses.

“With over 25 years in research, Iʼve found there can be a multiplicative power to one s̓ own innovative abilities,
by combining with another, or even better, a team—it s̓ the collaborative power that can bring forth grand
innovation,” Dr. La Pietra said. “I am so grateful and proud of my team, for their dedication and their
multiplicative innovative spirit.”

The Stevie Awards for Women in Business honor women executives, entrepreneurs, employees, and the
companies they run—worldwide. More than 1,500 entries were submitted this year for consideration in more
than 100 categories, including Executive of the Year, Entrepreneur of the Year, Company of the Year, Startup of
the Year, Women Helping Women and Women Run Workplace of the Year. Gold, Silver and Bronze Stevie Award
winners were determined by the average scores of more than 200 business professionals around the world,
working on eight juries.

For more information, visit http://www.carestream.com/nondestructivetesting.html.

FABTECH 2022 Welcomes Nearly 30K at Atlanta Event
FABTECH 2022, North America s̓ largest metal forming, fabricating, welding and finishing event, made its
return to Atlanta and welcomed attendees from around the world for three days of groundbreaking
innovations, inspiring keynote presentations, and solution-based education sessions for the global metal
fabrication community. From November 8-10, nearly 30,000 attendees—an increase of 22.6% over the 2021
event—from 70 countries and all 50 states gathered at the Georgia World Congress Center to meet with world-
class suppliers, conduct product evaluations, network with peers and find the tools to improve productivity
and increase profits. Four expansive exhibit halls covering 610,000+ square feet of exhibit space featured
nearly 1,200 exhibitors, including 150 making their debut at FABTECH, all highlighting the emerging trends and
technologies influencing the future of manufacturing.

“Thank you to everyone who joined us in Atlanta to make FABTECH 2022 a complete success,” said John
Catalano, SME senior director US events and strategic partnerships, FABTECH. “FABTECH was nearly back to
pre-pandemic attendance numbers and saw increases across the board over 2021 with more attendees, more
exhibitors and a bigger show floor. Year a�er year, FABTECH continues to be our industry s̓ leading event by
providing the latest insights and trends, attracting key decision makers and buyers, and showcasing the most
innovative technologies shaping the future of manufacturing.”

The energy at FABTECH 2022 was high, and sales activity was strong each day on the busy exhibit floor. The
show floor was 19.5% larger than in 2021 and welcomed over 30% more exhibitors. Attendees explored eight
technology pavilions covering four halls that focused on 3D/Additive Manufacturing, Forming & Fabricating,
Finishing, METALFORM, Tube/Pipe, Robotics and Industrial Automation, Welding and Welding Automation.
FABTECH also saw the return of many exhibitors to its welding pavilion, which featured approximately 350
companies, including industry leaders Lincoln Electric, IPG Photonics, FANUC America Corp, OTC DAIHEN Inc,
Path Robotics, and Miller Electric Mfg LLC.

"FABTECH 2022 was the most e�ective tradeshow we've exhibited at in close to a decade! Not only the volume
of tra�ic, but the quality of the attendees exceeded our expectations and we're looking forward to replicating
that success in 2023 in Chicago," said Josh Dixon, COO at Beckwood Press Company.

“Abagy Robotic Systems participated for the first time in the FABTECH expo and conference, and we were really
impressed with the quality of attendees and the level of organization. We had a great response from hundreds
of manufacturers and have already booked our booth space for the next show in Chicago,” said Kate Degai,
CMO at Abagy Robotic Systems.

FABTECH featured an inspiring lineup of special events, including keynote presentations and FABx Tech Talks
that addressed the emerging trends, innovations and challenges impacting the industry today. Attendees
walked away with insights into today s̓ pressing topics—from cutting-edge technology and the latest
manufacturing processes to building successful businesses and rethinking leadership, change management,
and risk. Speakers included Brad Keselowski, owner of Keselowski Advanced Manufacturing and NASCAR
champion, and Jake Wood, executive chairman of Team Rubicon and founder/CEO of Groundswell. The FABx
Tech Talks featured speakers Gillen Young, chief architect of IIOT Solutions at AT&T; Richard Boyd, CEO of
Tanjo AI; and Bryce Austin, CEO of TCE Strategy, with a special appearance from Bill Carlton,
owner/mastermind of Ekstensive Metal Worlds.

The daily Leadership Exchange Panels included groups of subject matter experts who will discuss the next
phase of advanced manufacturing, how innovation is key to outperforming the competition, tactics for
cultivating the next generation of manufacturing talent and how to protect your company from a cyber
security threat.

Wednesday s̓ sold-out Women of FABTECH breakfast featured three inspiring leaders in manufacturing—Shelly
Foland, CEO of So�ies; Holly Gotfredson, president of American Metalcra�, Inc./Finishing Dynamics; and Lisa
Winton, CEO and co-owner of Winton Machine—who covered manufacturing trends, marketing strategies and
real-world examples of their experiences as women leaders.

During Thursday s̓ State of the Industry session, Omar Nashashibi, founding partner of The Franklin
Partnership, provided a post-election analysis and the impact of the results on tari�s, taxes, trade negations,
regulations, and workforce training. He also o�ered an overview of the priorities for the upcoming session and
a 2023 outlook for the manufacturing industry.  

FABTECH 2022 also o�ered over 150 carefully curated education sessions led by industry thought leaders and
subject matter experts. The program spanned 16 technology tracks with sessions focused on automation,
smart manufacturing, welding, cutting, lasers, workforce development, business management strategies and
more.

“This was my first time attending FABTECH and I was very impressed by the quality of information shared by
the presenters during the conference sessions. I look forward to attending FABTECH again in the future,” said
Rebeca Hernandez, a mechanical engineer at Republic Manufacturing.

For more information, visit www.fabtechexpo.com.

Dimensional Control Systems Selects Ulicny
as New CEO
Dimensional Control Systems (DCS), so�ware developer of dimensional
quality and SPC so�ware, has selected Michael Ulicny to be named as
president and chief executive o�icer. John Mathieson, founder of DCS and
CEO, will step down to retire.

Mathieson, founder and president of DCS for 27 years, oversaw the
acquisition of DCS to Sandvik in December of 2021, where it joined Metrologic
Group, DWFritz, and ATT Metrology in the Industrial Metrology Division.

"I truly feel blessed to have had the opportunity to pursue my vision for the advancement of Dimensional
Engineering as a technology,” said Mathieson, “and this could only have been possible through the very hard
work and dedication of all of the wonderful employees who have worked for DCS over these years.” Mathieson
continued, “From my viewpoint, the future is certainly very positive for DCS and I have every confidence that
you will continue to do a great job going forward. As I wrap things up at the end of the year, Mike Ulicny will be
stepping into the role of company president. I am certain that Mike and the entire DCS leadership team will
continue to do a great job going forward.”

Ulicny has been with DCS since its inception in 1994. Having worked with Mathieson for 32 years, Ulicny s̓
background and over 30 years of experience in the dimensional engineering field have prepared him to take on
this new role. As the future brings Sandvik and DCS together, Ulicny will be core to strengthening this
connection and helping see the metrology division s̓ vision of a combined solution come to fruition.

For more information, visit https://www.3dcs.com/about-dimensional-control-systems-dcs.

Razorleaf Corporation Announces Company’s
First CFO
Razorleaf Corporation announced the appointment of Joseph A. Stock as the
company s̓ Chief Financial O�icer (CFO). Stock has more than two decades of
experience in accounting and finance positions in the so�ware,
manufacturing, and engineering industries.

“Joe s̓ expertise in all aspects of the financial side of technology and service-
related businesses will be a great asset to us, going forward,” said Razorleaf
CEO Eric Doubell. “We are at the point in our evolution where adding a CFO is
important. This will ensure that our growth and expansion continue.”

Razorleaf has been broadening its global reach in recent years, opening o�ices in the U.K., Germany, The
Netherlands, and India. As manufacturing companies around the globe increasingly embrace digital
transformation initiatives, there is a growing demand for the Product Lifecycle Management solutions that
Razorleaf provides, including consulting, implementation, migration and integration.

“I joined Razorleaf to be part of something better, to help shape and guide the financial side of this growing
so�ware business,” said Stock. “I view Razorleaf as a once-in-a-lifetime opportunity, and in my short time here,
I know I made the right decision. From the get-go you can see how important the employees of Razorleaf, and
the culture of the company are. I share those priorities and I am glad to be part of the Razorleaf team.”

For more information, visit http://www.razorleaf.com.
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FACE OF QUALIT Y |  JIM L. SMITH

MOTIVES ARE IMPORTANT IN EVERYTHING WE DO.

What’s your Motive?

The most successful men and women in all walks of life achieved greatness out of a desire to solve a problem,
to fulfill a need, or to invent something to benefit society. For many, the key to their success was that they
were motivated more, at least in the beginning, by what was needed, or by what they felt they had to do, than
thought of financial gain.

Recently, I talked with a young person who sold life insurance. The young woman told me she was thinking of
leaving the business to do something di�erent. She was looking for direction, so she asked for suggestions of
other business opportunities. I asked why she was considering leaving her current employment, and she said
that she wasnʼt making any money. “I try hard to sell policies,” she said, “but nobody wants to buy them. It has
always been a tough business, but the last couple years have even been more di�icult.”

I suggested that maybe the problem is that she has been more motivated by a desire to sell rather than by a
desire to help people solve their problems. She quotes some statistics that indicate the average family does not
have enough life insurance. Certainly, this seems to be a problem! In trying to solve this problem, she might
discover more success providing life insurance to her clients.

The success of our endeavors depends not so much on the endeavors themselves but, rather, on our motive
for doing them. It is our motive that makes the di�erence!

A person says, “There ought to be a lot of money in
writing children s̓ books. I will write one.” And then
the person is disappointed when it is rejected or
doesnʼt do well in the market.

True success comes from working
on things we really care about.

Hans Christian Andersen, the Grimm brothers, Lewis Carroll, Mark Twain, and Rudyard Kipling were motivated
to write their great children s̓ stories out of their love for children. Their books and stories have stood the test
of time and will likely last hundreds of years, earn millions of dollars, and be remembered for their great
contributions to society.

The greatest writers, the greatest quality professionals, the greatest companies – the greatest men and
women in all walks of life – achieved greatness out of a desire to solve a problem, to satisfy a need, or to fill a
void.

This is not to say that these people or companies did not earn a lot of money for what they produced because
many have become wealthy. But in many instances the key to their success is to be found in the fact they were
motivated more, at least in the beginning, by what was important to them, what society needed, or by what
they felt they had to do, rather than the thought of profit. This is the actual secret – the key to success.

The person going into the restaurant business, for example, who does so with the determination to serve the
best food in town, has many more chances of success than does the person who goes into the business solely
for the purpose of making money. It s̓ a matter of motive, of emphasis or reason to do what theyʼre doing.

This is this true in every walk of life, every line of business, every job of every type and description. The person
who made up their mind to o�er the best cup of co�ee in the world did exactly that. That person, as well as the
co�ee bean producers, got rich in the process, but getting rich was not likely the initial reason for going into
business.

There is not a single thing on earth wrong with making money. It is a celebration of outstanding service and
success. This is why kids mow lawns, and why millions of people get up every morning to go to work. But
success and the money that accompanies it are like happiness. They cannot be sought directly. They are
e�ects; the cause must have a powerful motive behind it.

William Shakespeare and Cecil B. DeMille were successful and became wealthy. Separated as they were in time
and talent, and in many other ways, they were motivated by the same thing: to produce the very best and to
express the best that was in them.

What is your motive? You might do well to consider that money may not be the primary driver to gauge success.
It is at least worth considering your motives and to put them into perspective to see what adjustments might
be made. True success comes from working on things we really care about.

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.

CONT ACT  JIM
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SPEAKING OF QUALIT Y |  JIM SP ICHIGER

SHARING BEST PRACTICES AND ENCOURAGING COLLABORATION
AMONGST ITS MEMBER UNITS IS ONE OF THE WAYS ASQ PROMOTES
QUALITY AND IMPROVEMENT.

Best Practices & Collaboration

Quality is in the eyes of the beholder, thus, “we know it when we see it.” While there are various definitions for
quality, most can agree that it in some way relates to “excellence” and this is where ASQ fits in. ASQ is a global
leader in quality; it consists of a community of passionate people who use quality tools, ideas and expertise to
make our world better. ASQ s̓ tagline is “Excellence through Quality” and its mission is to “empower individuals
and communities of the world to achieve excellence through quality.”

I have been an ASQ member since 1990 and have served continuously as an ASQ member leader (aka
volunteer) for 30-plus years. One of the many benefits of volunteering is the opportunity to observe, up close,
how ASQ goes about practicing what it preaches. Like all organizations, ASQ is not perfect, but it is the
preeminent source for quality information, education, publications, certifications, conferences, quality
related recognition, and much more. ASQ s̓ dedicated sta� and its more than 2,500 member leaders are
continually working to expand and improve upon its o�erings in order to deliver an exceptional membership
experience and, more importantly, add value to the global quality community.

ASQ is able to successfully execute its business plan year-a�er-year due to an intricate relationship it has
developed and honed between its geographic and technical member units. Geographic member leaders work
on a local, national, regional and global scale. ASQ sections (aka chapters) are the heart and soul of the society
because the member leaders within each section coordinate networking events and educational content, such
as monthly dinner meetings, local tours, educational courses, seminars, conferences, and certification exam
preparatory programs, newsletter, online content through myASQ (ASQ s̓ internal social media network), and
more. Member leaders that support ASQ s̓ divisions (aka technical communities) are responsible for
developing, maintaining and enhancing ASQ s̓ technical content and expanding its quality body of knowledge.

Combined, ASQ sections and divisions total over 250 member units. Each operates autonomously within the
confines of ASQ s̓ overall management system. The independence provided to these member units allow them
to innovate, which inherently results in best practices. In order to more quickly share and replicate these best
practices with other member units within the society, sections and divisions are encouraged to document them
and submit them through an internal awards program. Member units that share information about an
established best practice are publicly recognized. Further, member units that go the extra mile and collaborate
with another member unit to replicate a best practice not only receive public recognition but are also provided
tangible rewards!

“It consists of a community of passionate people who use quality tools,
ideas and expertise to make our world better.”

The scope of this awards program defines best practices as: “methods, techniques and/or ideas deployed by a
member unit that have demonstrated themselves to be innovative and superior to available alternatives
because they produce outstanding and unsurpassed results when compared to current means.” Collaboration
is defined as “The action of working with another member unit to produce or create something of value.”

Defined criteria for both awards exists and nominations are reviewed by a panel of judges. The Best Practice
Award recognizes member units that successfully implement best practices that provide member value, show
measurable success, have proven sustainability, and support ASQ s̓ strategic plan. The Best Practice Award is
intended for original and/or innovative idea(s) that a member unit has implemented and demonstrated to be a
best practice. Longstanding, common member unit practices, such as hosting dinner meetings and webinars,
are not within the award scope, however new and innovative twists on these common practices would be
eligible for the award. The Collaborative Award recognizes and rewards member units that collaborate with
one another so that best practices have been successfully replicated. This award also requires proof that the
replicated best practice provides member value, shows measurable success, have proven sustainability, and
support ASQ s̓ strategic plan.

The Best Practice and Collaborative Award program runs continuously; awards are judged and bestowed each
calendar quarter. This ongoing cycle allows for the quick transfer of knowledge and saves the judges from
scoring a large quantity of nominations at year s̓ end. Some examples of winning Best Practice Award
applications: how the Columbus Section created a Quality Technician of the Year Award, how the Inspection
Division instituted a systemic member leader recognition program that led to member leader retention, and
how the Quality Management Division partners with other member units to run webinars.

Replication of best practices amongst member units is more quickly achieved through the sharing of ideas,
lessons learned, processes, tools, documents, etc. Collaboration amongst members units to quickly and easily
implement proven methods of success will provide benefit to ASQ as a whole. Sharing best practices and
encouraging collaboration amongst its member units is one way quality and improvement are promoted
within ASQ.

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

Jim Spichiger is a Lean Six Sigma Master Black with over 35 years of experience in quality. He
is the past chair of the ASQ Inspection Division and a long-time ASQ member leader.  
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QUALIT Y 101

THE CONCEPT OF QUALITY 4.0
CONTINUES TO EVOLVE. 

 By Dr. Milton Krivokuca

The topic of Quality 4.0 is rapidly becoming a legend due to its
mysterious nature; it seemingly has no formal description.
Very few people can confidently say that they have seen it or
used it. Discussions and presentations related to Quality 4.0
leave individuals with an appetite to learn more but unsure
of where to begin. I am a quality practitioner with over 20
years of industry-related quality experience. My career has
transitioned from manufacturing to academics, where
quality is the focus of my teaching and research e�orts.
Personal observations shared in this article have been
developed through research and feedback from several
presentations to peer groups of quality practitioners.

Don’t Let Quality 4.0 Intimidate You
Dr. Milton Krivokucha shares how he got interested in
the subject, and what manufacturers should know
before implementing it.

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

My research for published information on Quality 4.0 provided numerous results. It was, however,
disappointing that the availability of in-depth academic research was absent. Most of the published case
studies were developed and sponsored by commercial interests and focused on successful applications of
commercial so�ware packages. As a result, my research was redirected to current publications from a
technical perspective.

Subjects related to data science I have explored were predictive analytics, Blockchain, and other contemporary
issues, and Industry 4.0 elements associated with the digitization of industry. Most of these publications were
peer-reviewed and written by subject matter experts from industry and academia located primarily in the
United Kingdom, Europe, and India. North American quality experts contributed very few publications on this
topic. Of most interest to me was the lack of references to quality tools or methodologies. The evolution of
digitization was presented in a focused way from a siloed approach of technical experts. Fundamental
improvement methodologies such as PDCA or Lean did not receive recognition for how these established
improvement methodologies could support the development of digitization.

These findings stimulated further research needs. My e�orts next focused on the human resource element.
Digitization has not entirely replaced the need for human interactions in processes. Artificial intelligence as a
complete replacement for humans remains a distant object. The research focused on human resources and
organized cultural and generational human diversity as the current issue. The need for people analytics to
assess employee s̓ progress and performance was a topic of concern recognized by human resource fellows.

One globally recognized author suggested that human resource professionals turn to their engineering
departments to help them establish metrics and fundamental statistical process control issues related to
human resource analytics. Again, quality received no recognition to the existence or potential quality can
provide to assist with the challenges of human resource analytics in Industry 4.0. Human resource publications
provided another siloed approach to achieving digitization.

Digital transformation is not an abstract or theoretical journey. Achieving digital transformation requires
tangible and quantifiable objectives and executed activities. This challenge can be completed with the support
of proven quality tools and methodologies: no new set of tools and metamethods are necessary. In addition, a
formal working definition and guidelines for quality practitioners should continue to be developed as a subset
of the current global quality body of knowledge.

The underlying issues of Industry 4.0 from the technical and human resources perspective were identified, but
not discussed in detail. For leaders and team members, so� skills are a critical success factor. The diverse
human attributes of culture and generations, skill levels, personality styles, professional goals, empathy,
work-life balance priorities, and team contributions are among the many so� skills present in today s̓
workforce and directly impact the results of technical processes. Questions remain unanswered: How is this
skill learned? Are they learned? Can they be discovered? What is their current maturity level, and do they need
to be further developed? Answers to these questions are not straightforward.

Leadership must know of the technical, human, and so� skill factors impacting inner processes. The
organization can perform a self-assessment to determine its internal strengths and weaknesses with a focus
on the organization s̓ digital strategy. The digital system begins at the top and works through a structured
approach; it can be developed and deployed throughout the organization. This development and deployment
of internal processes is a quality management system objective. Quality management systems include the
requirements for cross-functional collaboration and recognize structured improvement methodologies and
tools to support the implementation of a digitization plan in alignment with the organization s̓ existing
technical, human, and so� skill resources.

Elements of the QM BOK provide a foundation for analyzing data and developing human capital to support
innovation with existing facts for taking a proactive role in leading companies through Industry 4.0 in the 21st
century. Leadership, team building, knowledge management, and quality tools require a focused emphasis on
Quality 4.0, along with new areas such as:

The concept of Quality 4.0 continues to evolve. My research continues as I seek feedback on my presentations.
The objective of the article is to provide a starting point, and shares the results of many hours of research.
Quality is an undervalued and under recognized resource, and e�orts to raise awareness of the value of
quality as it contributes to organizational excellence are needed. Immediate action is necessary for our
dynamic society.

Predictive analyticsis to foresee future events and situations. (Design of Experiments in Q 4.0)

Supervised learning:These are problems where exists a target variable (continuous or discrete) to
predict or classify data.

Unsupervised learning: These are problems where a target variable does not exist that we want to
predict but want to understand “natural” groupings of patterns in data. (Special Cause or Common
Cause Variation)

Opening Image Source: gorodenko� / iStock / Getty Images Plus via Getty Images.
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T EST  & INSPECT ION

AS THE PANDEMIC AND ADVANCES IN
TECHNOLOGY IMPACT THE FIELD,
EDUCATION AND TRAINING REMAIN
PARAMOUNT — ESPECIALLY FOR
NEWCOMERS. By Genevieve Diesing

Nondestructive testing (NDT) embodies a range of test and inspection measures that quality leaders use to find
defects or discrepancies without compromising part integrity.

The field continues to advance rapidly, with testing methods improving to boost accuracy and enhance
e�iciency and throughput. As pressure on manufacturers to get products to market increases, this pushes
them to invest in quality and that drives improvements in NDT testing, experts say.

“There are numerous methods of test and inspection under the NDT umbrella, and they all depend on how the
product is used, material classification, and failure modes,” says Matt Gormley, technical sales engineer,
Pinnacle X-Ray Solutions.

Most companies tend to choose NDT over destructive testing to save on cut-up part cost if they can, he adds.

“NDT is quality; without it you risk product integrity, potential failures with fatigue [and] corrosion,” he
explains.

Changing Techniques
As technology evolves, older NDT methods are being upstaged by new tools such as automated ultrasonics and
digital radiography (DRT), which utilizes digital detector arrays.

Testing and inspection techniques have become more standardized and automated, experts say.

For example, many inspections are tooled so that repeatability is always ensured, says Greg Weaver, founder
and president, WeaverNDT. “This, as well as preset system settings and controls, are the trends I have been
seeing,” he adds.

Digital and robotic technology has also increased significantly, especially as the workforce shrinks.

The equipment and technology available for automation is almost everywhere, says Gormley. 

“Any inspection technique has evolved to in-line, at-line, robotic, fully and semi-automated capabilities,” he
explains. “The theory and method of inspection has not changed much over the years. The ability to provide
more accurate, repeatable, and the increased dataset to make better decisions however, has. Through
transformation of using digital techniques, we are allowed to produce data that can be more valuable than
ever before.”

Automated imaging and analysis is both challenging and rewarding, Gormley adds. While providing valuable
data in 2D and 3D formats, inspection images can be automatically analyzed. 

“This can be very e�ective for high volume production environments where assistance is provided in making
accept/reject decisions,” he says. “The data can even be correlated and evaluated behind normal day to day
operations for trends in part and/or system performance. This enables artificial intelligence platforms, and
predicative failures of product upstream manufacturing.”

Robotics require properly developed work instructions, however. Quality teams especially need adequate
training from equipment manufacturers and the proper time to learn. With the right education, automation
can go far, experts say.

Shared Accountability
Testing and inspection e�orts go hand-in-hand with quality, and quality managers and NDT leaders share the
responsibility for reliable process controls, says Toni Bailey, owner, TB3, NDT Consulting.

“The QA managers and NDT management should be one group with the same goals,” Bailey explains.
“Engineers and production managers are heavily involved in quality and forcing [quality assurance teams] to
cut corners to meet numbers and demand.”

Due to the collaborative nature of the work, “We need more people, better attitudes, better training and more
accountability for actions and decisions,” Bailey says. “Management flows that burden QA and NDT causes
them to lose those key people.”

The pandemic has only worsened this dynamic, Bailey says.

“We are losing key people due to added stress,” she says. “All industries are su�ering in the same way, but the
impact is critical in the NDT field.”

Inspections are required, and clients
continued to test their critical

components through the pandemic.

COVID’s Impact
The pandemic caused a major reduction in human travel, which led to reduced needs for operating airlines,
and vehicles, Gormley says. 

“Manufacturing took an immediate drop in the number of employees it needed to keep up with the low
demand, and thus were challenged with layo�s to o�set the decreased demand,” he says. “Test and inspection
in these industries are required, and thus the need for both internal and external laboratory services su�ered.”

Weaver says that his customers were not greatly a�ected, although the volume of work shi�ed dramatically.
Still, inspections are required, he says, and his clients continued to test their critical components through the
pandemic.

Changing Workforce Patterns
While COVID dampened demand early on, the skills gap and labor shortage that has plagued the industry for
more than a decade is still in full swing.

As new NDT methods advance, quality professionals require new training, and technicians transitioning from
film techniques to non-film techniques need hands-on experience.

And as quality assurance managers rapidly leave the field, a management and NDT knowledge gap widens.

Older inspectors are forced to adapt to new computer technologies, and younger inspectors, who may be great
with so�ware, lack basic NDT education and quality standards.

“The largest trend I see in NDT is the loss of the retiring trained professionals,” Weaver says. “There is not a
large enough funnel of talent coming up to replace them and this may become a big issue for the industry in
the coming years.”

Because the pool of qualified and certified NDT technicians is small, companies struggle to balance the
demands of production managers and engineers while training sta� and meeting production quotas.

Since COVID hit the manufacturing industry hard, Bailey is noticing a production boom “to get back to pre-
COVID production numbers,” she says. 

However, not all manufacturers are investing in the labor needed to manage this growth responsibly, she says.
This is especially key when it comes to quality.

Quality control departments need more training and accountability, she says.

Opening Image Source: Sakarin14 / iStock / Getty Images Plus via Getty Images.
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SOFT WARE & ANALYSIS

SELECTING MEASUREMENT AND INSPECTION SOFTWARE By Nick Merrell

Getting it Right
This article can be helpful to anyone tasked with selecting so�ware, however, it is written from the perspective
of realizing e�ective measurement and inspection solutions for manufacturing enterprises.

Too o�en manufacturing companies either minimize the importance of measurement and inspection so�ware
or worse, they make purchase decisions based on hardware features that may or may not provide the results
they need. It is only a�er they take delivery and use the equipment do they realize they have purchased
so�ware that is not up to the task, or the wrong type of CMM given their workflow and the results they require.

The following process steps are intended to illustrate a comprehensive approach to so�ware selection, with
critical consideration given to subjects like needs assessment, compatibility, and extensibility. Following this
process, you will gain a clear perspective of your needs and a better understanding of key questions to ask and
features you should insist upon. The result will be a grounded solution that provides results, enhanced
workflow, and added value across your manufacturing enterprise.

Needs Assessment
You have probably heard it said, “If you donʼt know where you are going, any road will take you there.” Well,
this holds true for selecting the right measurement and inspection so�ware for your business as well. Before
purchasing any so�ware, regardless of application, you need a clear assessment. What problem or opportunity
are you addressing with technology? How are you getting the data you need, today? What is your workflow?
What benefits will be expected from your new so�ware? And most importantly, who else in the organization
will be a�ected?

Specific to measurement and inspection, there are a few considerations that surprisingly are o�en overlooked.
These include identifying the maximum part volume to be measured, understanding the number of
measurement points needed to calculate results, and the speed required to complete the process. Failure to
consider these points may lead to a solution that is ine�icient or worse, one that does not support critical
workflow.

What you do not want to do is see an impressive CMM and buy it based on a demo, possibly unrelated to your
workflow or measurement objectives, then try to figure out why it is the best solution for your organization.
That is putting the cart before the horse.

Communications
Clear communications should start with your assessment and carry through the balance of your technology
acquisition and implementation. You would be surprised how many people in your organization can be
positively impacted by data gleaned from measurement and inspection so�ware. Once you have made the
investment, the application tools can be used for quality inspection, reverse engineering of existing parts or
recreating data for missing features, support for tool making, and guided assembly of components, fixtures,
and weldments. Collected data can feed downstream applications like product lifecycle management (PLM),
and statistical process control (SPC) databases. Understanding whom these stakeholders are and keeping
them in the loop creates a great deal of added value to your so�ware investment.

When selecting measurement and inspection software make sure that it  not only is compatible with CAD but is CAD-based at
its core. A good question to ask is, “Does this software include intelligent 3D CAD modeling capabilit ies?”

CAD Connection
In today s̓ business environment, every so�ware platform must play well in the sandbox with already-
established enterprise so�ware or protocols. For business intelligence this may be ERP so�ware, for business
communications, it might be Microso�. Within the manufacturing enterprise, the standard is CAD. Finished
products and components are typically conceived in a CAD environment and for most manufacturers, they
remain in this virtual state throughout the design-build process. Data continues to be added to the file and its
digital references, quite o�en, throughout the lifespan of the product.

Model-Based Definition (MBD) is the term given to this commitment to an intelligent CAD model. The central
concept embodied in MBD is that the 3D model provides all the detailed product information necessary for all
aspects of the product life cycle. In the example of a machined component, this would include intelligent
Geometric Dimensioning and Tolerancing (GD&T) annotations. This removes ambiguity, conflict, and doubt
that arise when drawings and models co-exist. With authority bestowed on the model, MBD eliminates errors
that result from referencing an incorrect source and makes processes more e�icient—no more searching to
determine correct revision levels.

When selecting measurement and inspection so�ware make sure that it not only is compatible with CAD but is
CAD-based at its core. A good question to ask is, “Does this so�ware include intelligent 3D CAD modeling
capabilities?” A truly CAD-based platform is the best way to ensure data continuity (digital thread) and
maximize model-based measurement and inspection applications across your manufacturing enterprise. Even
if your organization is not at the point of fully embracing MBD, you want so�ware extensibility and room to
grow.

Software Compatibility
If  you make CAD-based measurement and inspection a requirement and do your homework, you will be
halfway to nirvana with respect to compatibility. The CAD connection will allow you to import, edit, save, and
export to and from virtually any CAD so�ware. This is important when it comes to creating inspection plans
that might have missing GD&T data that needs to be added, or when using reverse engineering to fill in missing
features. Having an open CAD platform from which to operate and manage your measurement and inspection
applications makes downstream integration and data sharing much easier using common file types and
established transfer protocols.

When evaluating measurement
and inspection software, universal
compatibility with all CAD
software and all new and legacy
hardware is essential for data
continuity, repeatable process
control, and optimum resource
utilization.

Hardware Compatibility
There are many types and brands of CMMs available on the market and if you remove the so�ware from the
equation, they all do one thing very well, they collect precision measurement points, period. The power behind
all CMMs, including contact or noncontact, fixed or CNC type, portable arms, trackers, and more, is the
applications and workflow provided by the supporting so�ware. Most all CMMs come with some sort of
measurement and inspection so�ware, but one could argue that the competency of many CMM
manufacturers is in precision measurement and specifically motion control, and not so�ware development.
CMM manufacturers also tend to be product-centric when it comes to so�ware, focusing only on their
machines. It is for this reason that you need to keep your evaluation of so�ware and hardware separate and
stay true to your assessment plan. Consider your workflow and corresponding so�ware applications first. This
will lead you to the correct type of CMM you need, and then you can decide on what brand of CMM.

Now, when looking at measurement and inspection so�ware from a hardware compatibility standpoint, it is
important that the so�ware can drive all CMMs and import measurement points in real-time. This is especially
important when collecting and processing very large measurement sets encompassing millions of
measurement points, typically associated with noncontact scanning of large complex surface profiles. The
so�ware must be able to keep up with the influx of data, otherwise, your productivity will grind to a crawl.

Universal device compatibility is critical when it comes to measurement and inspection solutions for the
manufacturing enterprise. In the case of inspection, workflow routines should be able to be programmed once
and then executed using any available CMM. This provides flexibility and consistency among operators and
ensures repeatable process control is maintained, which is a key tenant to quality management.

Integration
Selecting a measurement and inspection so�ware that is based on an open platform, with compatibility and
interoperability built-in, is critical to advancing the concept of the digital thread. To be e�ective, each step of
the design/build process must do its part to stay connected. Data in, data out, and the ability to pass
information across all manufacturing applications and databases. A good question that will confirm a
so�ware s̓ commitment to interoperability is, “Do you o�er a So�ware Development Kit (SDK)?” If the answer is
no, integration might be harder than you think.

Training And Maintenance
Training and compatibility go together. Over the last 10 years, there has been a surge by shops to add portable
measurement and inspection assets. These newer devices are based on open so�ware compatibility, but many
of the legacy CMMs that are still in use are based on closed systems and require dedicated so�ware to run
them. This has created a dichotomy in some shops between new and legacy systems. Certain quality inspectors
are trained to operate legacy machines and others are versed in newer equipment. This causes bottlenecks due
to ine�icient resource utilization.

Your so�ware selection should be enterprise-based. One so�ware to drive all your CMMs (regardless of type or
age), manage workflow, and provide desired application results. This will help with resource utilization, reduce
bottlenecks, and lower so�ware training and maintenance costs by not having to support more than one
platform.

Ask For Help
When it comes to selecting inspection and measurement so�ware, getting it right is important. Do not be
hesitant in asking for help. So�ware and hardware providers alike should be willing to take an interest in your
business and help you put together the right recommendation for your unique application. But try to remain
objective and stick to your goals. There are many measurement and inspection solutions available. Hold out
for the one that fits your needs.

All Images Source: Verisurf So�ware
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MANAGEMENT

CONCERNS ABOUT COVID-19 ARE DOWN, BUT INFLATION WORRIES ARE UP.
RESULTS ARE IN FOR THE 22ND ANNUAL QUALITY SPENDING SURVEY. 
By Michelle Bangert

The Spending Forecast is Here

The world looked a lot di�erent in the fall of 2021.

Back then, COVID-19 was a top concern for more than half of respondents in our September 2021 survey.
Today that number is down to 17%, according to our Annual Quality Spending Survey, which surveyed
subscribers in September 2022.

While current events continue to change, the spending categories remain remarkably stable. Year a�er year
respondents want their CMMs, scanners, and so�ware. These products continue to be in demand every year,
but of course, new technologies are joining the fold. Almost every emerging technology category saw an
increase—from additive manufacturing to APIs—whether respondents are using them now or just beginning
to plan for them.

Clear Seas Research, in conjunction with Quality, conducted the 22nd Annual Spending Study in order to
determine actual spending for quality assurance and control equipment, systems, so�ware, and services
compared to the projected/budgeted amount as well as the change in budget allocation within quality
equipment and service categories. And finally, we wanted to get a pulse on the quality professional themselves
and see how their approach to quality today compares to a year ago.

South

NortheastMidwest

West

Region

The Outlook
Before we examine what quality professionals will be purchasing and why, let s̓ take a look at who responded.
For almost two-in-three respondents, the top manufacturing operation at their location is assembly. Next
comes machining, done at nearly half of locations.

Respondents come from locations with an average of 415 employees, with 74% of company locations
employing fewer than 250 employees.

These locations are scattered across the U.S. This year 39% of respondents came from the Midwest, 22% from
the South, 21% from the Northeast, and 18% from the West.

What are they making? The largest number of respondents came from companies in aerospace products/parts
manufacturing, medical equipment and supplies manufacturing, plastics and rubber products
manufacturing, and fabricated metal product manufacturing.

Respondents themselves came from quality management (34%), along with quality engineering, corporate
management, manufacturing engineering, and manufacturing management/operations. Other categories
included research and development, technical engineering and purchasing.

The Budget
More than half of respondents reported that their 2023 budget had already been started as of mid-September,
and many were on their way to finishing.

Three-quarters of respondents report that they will have an approved quality equipment/services budget for
fiscal 2023 in 2022, with 58% finalizing this in the fourth quarter of 2022. Twenty-one percent finish in October,
19% in November, and 18% in December.

But if you are still working on this year s̓ budget, you are not alone. Twenty percent will be finalizing their
budget in the first quarter of 2023. Twelve percent of respondents will finalize their 2023 budget this month,
6% next month, and 3% in March.

The Outlook
What are you worried about now?

Unlike this time last year, COVID is not as pressing of an issue for respondents. Supply chain interruptions
(69%), current economy/inflation (63%), and skilled labor shortages (56%) were the top three concerns.

While these were also the top concerns last year, the numbers have changed. This year, the economy/inflation
was more of a concern but supply chains and skilled labor werenʼt as troubling.

COVID was actually the least concerning issue for respondents at 17%, down from 52% the year before.

The Importance Of Quality
Through the changes, the importance of quality has not diminished. For almost all (98%) of respondents, it is
just as important as ever or even more so. For some, the importance of quality has risen significantly: 18% say it
is much more important.

As we consider the projected and actual budgets, let s̓ look at how the budgets played out in years past.
According to respondents, 17% said that their 2021 actual spending was over budget, on average by 17%. For
the 21% who said their spending was under budget, this was on average by 23%.

As they considered the fiscal budget, 69% projected their 2022 budget to be on track with the budget set in
2021. The remaining group was divided equally among those who thought it might be over budget or under
budget, with 15% for each category.

In terms of 2023 spending, almost half of respondents (48%) anticipate spending the same as 2022. Almost as
many anticipate spending more, with 43% expecting an increase, by an average of 19%. Only 9% expect a
decrease in the budget, on average by 25%.

For those who plan to increase their 2023 quality assurance/equipment/service budget, reasons include
improving productivity, reducing scrap and rework, increasing production capacity, reducing costs, and
replacing equipment.

Whatever the reason, respondents said now is the time to start spending. Twenty-five percent expect to make
their first purchase for the fiscal year in January, with 61% planning to make this purchase sometime in the
first quarter.

The inspection approach remains consistent. Lot sampling continues to be the most common approach to
incoming (50% of respondents) and in-process testing/inspecting (41%). For final inspections, almost half of
respondentsʼ companies test or inspect every part or product.

What To Buy
Weʼve looked at the timing and the reasons for the investments, but now let s̓ look at what respondents plan to
buy.

General-use test/measurement/inspection equipment, test/measurement/inspection services, and/or
gages/gaging systems top the list of purchases for fiscal 2023.

The list goes on. Other planned purchases include: product testing equipment, so�ware, consulting and
training services, optical inspection and measurement equipment, materials test equipment, nondestructive
test equipment, form and surface measurement equipment, CMMs, and color and coating thickness
measurement. Ninety-six percent of respondents said they plan to purchase at least one of these items.

Let s̓ look into these product categories more closely, starting with one of the quality workhorses—a CMM.

Seventeen percent plan to purchase a CMM, and CMM spending looks set to increase. Almost half of
respondents predict their company will spend $100,000 or more on a CMM in 2023, which is higher than
budgets set in this category for 2022.

In terms of form and surface measuring equipment, the budget is less than $5,000 for almost a third of
respondents. Spending for 2023 is predicted to remain the same.

Gages are a staple of a quality program and the budget reflects this. Budgets for gages and gaging systems for
2022 and 2023 look similar, with the majority of respondents budgeting under $60,000. Handheld gages lead
the gaging budget with 27% slated for them. Custom/specialty gages, a new category in 2021, jumped from 7%
to 13%, making them the number-two category. Fixture and special tooling gages, thread gages, plug and ring
gages, thickness gages, bore gages and depth gages are next. Air gages, turnkey and in-process gaging systems,
fixed limit gages, snap gages, gear and spline measurement, and ball gages round out the list.

Forty percent of respondents budgeted less than $10,000 for optical inspection and measurement equipment
in 2022. Fi�y-nine percent expect this year s̓ budget for this equipment will remain the same, and 35% expect
an increase. Twenty-four percent of this category will be spent on machine vision systems.

The budget for color and coatings thickness equipment is anticipated to be similar to 2022. Three-fi�hs of
respondentsʼ companies budgeted less than $10,000 for this equipment in 2022, and spending for 2023 looks
like it will follow this trend.

Material testing equipment looks poise for a jump. One-third of respondents expect to see an increase in
spending on material testing equipment next year, which is higher than last year s̓ predictions. Hardness
testing leads this category at 17%.

In terms of nondestructive testing (NDT) equipment, the majority (77%) expect their spending to remain the
same. For about half of respondents, the 2022 budget for this equipment was $10,000 or less, and this looks set
to continue this year. Ultrasonic testing lead the category with 17% of the NDT budget.

For general-use test, measurement and inspection equipment in 2022, three-quarters of respondent
companies budgeted less than $60,000. For most, 2023 will bring a similar pattern. Calibration equipment
dominates the category, taking up half of this budget.

Nothing gets done without so�ware, and more than half budgeted less than $20,000 for this item. This looks
set to continue in 2023.

For consulting and training, the majority of respondents expect no changes; Seventy-nine percent anticipate
the 2023 budget will remain the same. Twenty-eight percent of this budget will be spending on
certification/registration. Quality management and process improvement are slated for nearly one-third of
this budget.

Adopting New Technology
While many of the previous categories have been around for a long time, there are some emerging
technologies to highlight.

When looking at the past two years, the trend is up for most technologies, with respondents saying they
currently use them or are planning to within the next few years. These include cloud computing, automation,
additive manufacturing, robots, digitization, wireless sensors, APIs, internet of things, and integration of
smart connected machines and manufacturing assets with the wider enterprise. Other categories include on-
the-job required mobile devices, artificial intelligence/predictive data analytics, drones, augmented/virtual
reality, and blockchain technology.

For additive manufacturing, use has jumped from 36% to 47%. Use of application programming interfaces
(APIs) climbed up to 24% from 16%.

No matter where respondents were on the adoption timeline, more of the respondents reported that they
were at least discussing the use of these technologies in the coming years.

Methodology
The survey was sent to domestic active qualified subscribers of  Quality. The survey was fielded September 14-
27, 2022. Each respondent that participated in the study received a $10 gi� card. This year we received 303
useable responses. Thank you to all those who participated.

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

Michelle Bangert is the managing editor of Quality.

JANUARY 2023  |  VOLUME 62  |  NUMBER 1

https://www.qualitymag.com/


MANAGEMENT

THEREʼS NO ONE SINGLE RIGHT WAY TO APPLY THE STANDARD – AS LONG AS
THERE IS CONFORMANCE TO REQUIREMENTS. By Denise Robitaille

Do you know that if you Google ISO 9001:2015 you get over 76 million hits? If you just type in ISO 9001 (without
the date) you get about 209 million hits. That s̓ not too shabby for a document that s̓ only 29 pages long and
has been around for about 35 years.

Why do organizations even today continue to embark on an ISO 9001 implementation project, joining the 1.2
million others around the globe who are certified to this extraordinary quality management system (QMS)
model? What s̓ the staying power? What s̓ the value – the appeal? Why does the ISO 9001 certificate still
resonate with companies as the qualifying benchmark for managing their supply chains?

The short answer: it works. It delivers on its commitment. It establishes a foundation that is solid yet pliable. It
is both adequately generic to be useful across a plethora of industries and service sectors; and, specific enough
to provide global homogeneity of some key concepts that are ubiquitous around the world. And, it has ensured
its continued relevance over the years through multi-faceted monitoring and timely revisions.

A short overview of ISO 9001 yields its hallmarks for success. The document addresses concepts and processes
that pervade all organizations. They include such topics as:

Definition of operations

Identification of processes

Provisions for training and/or qualification of personnel

Ability to understand and fulfill customer requirements

Controlled design and development activities

Maintenance of an adequate infrastructure

Supply chain management

Performance monitoring and metrics

Established practices for dealing with problems

Structured and protected documentation

Big or small, single storefront or multi-site operation, simple or complex – these concepts are somehow
manifest. The standard accommodates both the companies who fabricate only one product in modest
quantities and those who sell millions of skews manufactured by dozens of subcontractors. It is also relevant
to service organizations whose services are their “products.” There s̓ no one single right way to apply the
standard – as long as there is conformance to requirements.

The overused mantra “Do what you say and say what you do” may seem hackneyed, but it persists as a core
trait of this international standard.

These activities reflect bits and pieces of the whole that have to be woven into the fabric of an e�ectively
implemented QMS. It merits pointing out that if it isnʼt e�ective or doesnʼt create value for the organization, it s̓
worthless. Monitoring, therefore, emerges as an important component for getting from where we are to where
we need to be.

The manner in which organizations monitor the e�ectiveness of their QMS may vary. If a company says, “Our
quality objectives are on-time-delivery and zero rejects,” then those are their performance metrics. A larger
corporation may have dashboards that monitor dozens of activities, product attributes, environmental
controls, labor standards, customer calls, quotation turnaround rate and their carbon footprint. And that s̓
okay, too. In each instance, the monitoring methods and resulting analysis have to be appropriate, consistent
and reflect reliable and usable data.

E�ectiveness can be achieved by adopting the concepts that came to prominence in the current revision, ISO
9001:2015. What follows is a brief summation of some of these concepts.

Risk-Based Thinking
Language relating to risk is peppered throughout the standard. Risk is dealt with in terms of the potentiality for
something to go wrong. Interestingly, it s̓ paired with opportunity for improvement. In both instances, there is
the potential for unexpected consequences and the need to take action to either mitigate a risk or seize an
opportunity. The impetus to anticipate a risk or take action is directly linked to the next three concepts – which
are themselves interrelated.

Understanding Internal And External Issues
These are the factors that a�ect your ability to sustain your organization and to serve your customers. They
may be fairly common and ongoing or unique to your industry. They include factors like sta�ing shortages,
equipment obsolescence, new technology or competitive designs. They may be very specific or short-lived like
the scarcity of a precious raw material, a drought or the retirement of several key technicians. Or, of course, a
pandemic. Failure to address the issues will result in challenges in your ability to get product to market – to, in
the words of ISO 9001:2015, “…consistently provide products and services that meet customer and applicable
statutory and regulatory requirements.”

Interested Parties
Interested parties are also called stakeholders. Internal and external issues donʼt exist without interested
parties. Think of them as the who to the preceding what (an issue). Interested parties come in three flavors:
those who a�ect the organization, those a�ected by your organization and those who perceive themselves to
be a�ected by your organization. Examples, in no particular order, include:

competitors who slash their prices

customers who revise their requirements to address climate change initiatives

suppliers who have been negatively impacted by international logistical problems

regulators who revise product specifications or material restrictions

financial institutions who revamp their lending policies

temp employment agencies that discontinue pre-qualification protocols

baby boomers retiring

local zoning board changing by-laws where you were intending to build a new facility

Through consistency and control, organizations get a better opportunity to identify relevant factors from the
ultra-critical to the humdrum. The same applies to interested parties. Through vigilance it creates the potential
to mitigate instances in which interested parties inadvertently wreak havoc on your company. Bringing
consistency to these monitoring activities is the big benefit to get out of actualizing the requirements related
to both internal and external issues, and interested parties. It enables the organization to better manage the
output of this monitoring: change.

Change Control
Change in and of itself isnʼt positive or negative. It can engender either a risk or an opportunity depending on
the e�ect that it has on planned results or intended outputs. The degree to which the output of the change
can be planned, with appropriate consideration of internal and external issues, will determine whether the
change results in an unforeseen problem or in an actualized opportunity. The standard clearly directs the
organization to consider the purpose of the change, potential consequences, availability of resources and the
authority and responsibility for the change. Although there is one clause relating specifically to planning
changes to the QMS, the concept of change is not relegated to that single clause of the standard, but
permeates multiple sections. ISO 9001 comes pretty close to giving companies a blueprint for handling change:
decide what s̓ to be done, determine who s̓ in charge, delegate authority, provide resources, execute the plan
and then check the results – all the while watching for internal and external issues that could mess with your
plan or interested parties who might be a�ected by what you do.

So, as processes change, product goes out the door, there are turnovers in sta� and the supply chain shrinks or
grows, the perpetual cycle of monitoring issues, processes and interested parties continues.

Putting all of this together, it s̓ clear that a well-managed ISO 9001 system isnʼt just a neat idea. It s̓ a sound
business decision. The standard that was launched in 1987 continues to be an exquisitely elegant but
uncomplicated model for achieving the success of your organization while ensuring customer satisfaction.

technical school that provides interns going out of business

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

Denise Robitaille is the principal of Robitaille Associates. She has participated internationally in standards
development for over 20 years. She has authored over a dozen books, including: ISO 9001:2015 Handbook for
Small and Medium-Sized Businesses. (https://asq.org/quality-press/display-item?item=H1480 ). Denise can be
reached at derobitail@cs.com.
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Products
THE LATEST PRODUCTS TO HELP YOU IMPROVE YOUR MANUFACTURING PROCESS

Starrett 2900 Series Electronic Indicators
The L.S. Starrett Company has introduced a new line of full-featured
Electronic Digital Indicators, an enhanced version of its 2900 series. The
new Indicators including 2900 electronic, and W2900 electronic wireless
models are made in the U.S.A., feature true absolute sensor technology
that minimizes the chance of data loss, glass scales, high accuracy to
+/-.00005” and IP67 protection from hostile shop environments including
coolant, chips and dirt. The indicators are also now available in fully
wireless models, a newly designed 4” (100 mm) inch range model, and all
indicators feature rechargeable batteries.

Starrett 2900 and W2900 Indicators o�er users a choice of features from basic to advanced or selectable
resolution, and all models feature data output for statistical process control (SPC).

The indicators have an intuitive design and layout that is easy to learn and use, in addition to positive, tactile-
feel button activation and a large, easy to read LCD display. Selectable resolution models, fixed ratio
measurement systems, one micron resolution and metric-only versions are also available. Models feature long
battery life, but are also rechargeable, have origin set and zero set, counting direction switching (±), true
absolute sensor technology in 2900-1 and 2900-6 models, are compatible with 25 series indicator backs, and all
indicators are CE compliant.

Starrett 2900 Series Indicators are equipped with RS232 output and compatible with 2900 SCM, SCU and SCKB
cables, while Starrett W2900 Series Indicators, which have all the same features and capabilities of the 2900
series, are fully wireless and equipped to send data for SPC analysis at the push of a button with no cables
required. Both the 2900 and W2900 series are available in ½ “, 1”, 2” ranges and new 4” range models, inch-
metric models in 1/2", 1", 2" (12 mm, 25 mm and 50 mm) and metric only models in 12 mm, 25 mm and 50 mm
ranges.

Starrett 2900 Series Indicators are ideal for use with industry data collection devices and systems such as
Starrett DataSure® 4.0, the most scalable, secure, robust data acquisition solution with unprecedented range
and capabilities and for leveraging data for SPC and Industry 4.0 applications.

The L.S. Starrett Company
https://www.starrett.com/2900-indicators

Rockwell Automation GuardLink 2.0
GuardLink® 2.0 is the world s̓ most advanced serially connected safety
input solution designed to reduce downtime and installation costs.
GuardLink 2.0 o�ers advanced diagnostics by way of the new Allen-
Bradley® 432ES GuardLink EtherNet/IP™ On-Machine™ Interface or a
combination of our Dual GuardLink Relay and EtherNet/IP Interface.
GuardLink 2.0 protocol also enables safety-rated control device status
reporting and automatic diagnostic reporting to an HMI using CIP
Safety™ over EtherNet/IP.

The new 432ES GuardLink EtherNet/IP interface allows you to connect up to 96 safety devices via three
independent safety channels. The interface can cascade power to additional interfaces and can keep track of
timing and frequency of events to improve maintenance and create process e�iciencies. The 432ES supports
linear, star and Device Level Ring topologies while meeting the highest safety ratings up to SIL 3, Cat 4 PLe.

Rockwell Automation
www.rockwellautomation.com

Teledyne FLIR Extech 42280A Temperature, Humidity
Datalogger
Teledyne FLIR, part of Teledyne Technologies Incorporated, announced
the new Extech 42280A, a temperature and humidity datalogger that
provides the extended data collection and export capabilities needed to
ensure laboratories, cleanrooms, hospitals, and other indoor working
facilities maintain stable environments for worker comfort and safety.

Sensitive environments require precise measurements and simple, reliable tools for conditionmonitoring. The
Extech 42280A delivers by providing accurate temperature measurements andautomatic alarms when
conditions spike or drop outside preset max/min optimal conditions. This datalogger o�ers a wide temperature
range from -20°C to 70°C (-4°F to 158°F) which it cansecurely record and store in up to 24,000 date and time
stamped data sets.

Viewing and reporting data is made easy with the Extech 42280A. It features a simplified LCDscreen that displays
humidity, temperature, date, and time. For reporting ease, users can addup to eight simultaneous time-
stamped markers while logging, allowing them to record specificevents within reports.

An upgrade to the Extech 42280, the new Extech 42280A is wall, desktop, and tripod-mountableand comes
complete with a USB-A-to-USB-A cable, a Universal AS adapter (US, EU, UK, AUKplugs), and four 1.5 V AA
batteries.

Teledyne FLIR 
www.flir.com/extech-42280A

JAI Line Scan Camera
JAI announced a new industrial prism-based line scan camera. The
new camera model (SW-4010Q-MCL) features 4-sensor line scan
technology that allows for simultaneous collection of red, green
and blue image data on three separate CMOS sensors plus a fourth
sensor that collects image data from the short wave infrared (SWIR)
spectrum using a sensor based on indium gallium arsenide (InGaAs)
technology. The new SW-4010Q-MCL model joins JAI´s existing
Sweep+ Series of 3-CMOS R-G-B and 4-CMOS R-G-B-NIR line scan
cameras thereby expanding multispectral imaging to the SWIR
electromagnetic waveband.

In machine vision systems where there is a requirement for imaging using both visible and SWIR light to ensure
required quality levels, the SW-4010Q-MCL camera delivers visible/SWIR images in a single inspection routine.
Combining CMOS and InGaAs image sensors in the same industrial camera makes it possible to perform
advanced color inspection collecting visible light data (from 400 ~ 700 nm) via the three CMOS sensors, while at
the same time obtaining image data via the fourth InGaAs sensor from light waves in the 800 nm ~ 1700 nm
range.

Each of the three CMOS line sensors has a resolution of 4096 pixels, a pixel size of 7.5 µm x 7.5 µm, a sensor
width of 30.72 mm, and a maximum scan rate of 20.6 kHz in full resolution. In comparison, the InGaAs line
sensor provides a resolution of 1024 pixels, 25 µm square pixels, a sensor width of 25.6 mm, and a full
resolution scan rate of 39 kHz.

By using a special version of JAI s̓ pixel rescaling function (Xscale), the camera can be easily reconfigured such
that all four sensors have the same field-of-view (line width of 25.6 mm) and the same scan rate (39 kHz), with
the resolution of the visible channels automatically rescaled to either 2048 pixels (12.5 µm pixels) or 1024 pixels
(25 µm pixels).

The SW-4010Q-MCL has a built-in color conversion function that allows the color output to be provided in HSI
or CIE XYZ color format if needed, as well as o�ering conversions from standard RGB to the sRGB or Adobe RGB
color spaces, or even to a user-defined custom RGB conversion matrix.

Other features include individual gain and shutter control for each of the four channels, dual-stream data
output (RGB and SWIR in separate data streams), trigger and encoder control, and noise reduction filters, to
name a few.

JAI also provides a special lens (sold separately) that is optimized to handle both visible and SWIR light. The
camera is equipped with a dual Mini Camera Link interface and an M52 lens mount.

JAI 
www.jai.com

Evident Compact IPLEX G Lite-W Videoscope
Wind turbine gearbox inspections take place in cramped quarters, so inspection tools must be compact and
e�ective. Designed specifically for these challenges, the IPLEX™ G Lite-W videoscope combines portability with
powerful imaging features packed into a small, ergonomic form factor. It enables users to visually inspect
inside a wind turbine gearbox without disassembling it to spot issues before they turn into lengthy shutdowns.

Wind turbine gearboxes contain lubricating oil, which can adhere to the videoscope s̓ lens and cause blurry
images. The IPLEX G Lite-W videoscope s̓ sealed tip keeps oil out while channels on the oil-clearing tip adaptor
use capillary action to draw oil away from the lens, helping keep images clear.

To reduce the chance of damage during an inspection the IPLEX G Lite-W videoscope is designed to meet IP65
standards and built to pass U.S. Department of Defense testing (MIL-STD). The insertion tube s̓ durable
articulation mechanism helps protect the scope when it is used in tight spaces where it might be damaged.

The videoscope s̓ optics balance the need to view areas of the wind turbine gearbox up close, such as bearings
and gear teeth, spot defects in large spaces and be small enough to fit into the space between a turbine s̓
bearings to look for damage. An optional LED guide tube o�ers ample illumination to spot defects in large,
dark spaces while the semiflexible guide tube makes it easy to position the videoscope to capture images. Users
need just one hand to control and maneuver the 4 mm scope to di�icult-to-reach areas.

Weighing only 1.16 kg (2.56 lb), the compact IPLEX G Lite-W videoscope is easy to carry to the top of a wind
tower nacelle. Its ergonomic design enables users to control it while wearing gloves in tight confines. When the
inspection is complete, the scope s̓ smooth, oil-resistant coating makes cleaning fast and simple.

Evident
www.EvidentScientific.com

Fluke Multifunction SMFT-1000 PV Tester
Designed for PV professionals who provide installation,
commissioning, and maintenance services for systems that operate
up to 1000 V DC, the SMFT-1000 provides a complete PV testing
solution that conforms to the IEC 62446-1 standard.

The SMFT-1000 memory stores I-V curve and measurement data from PV installation and commissioning tests,
so you donʼt have to bring a laptop into the field. With easy-to-use Fluke TruTest™ so�ware, you can import,
organize, and analyze the data quickly, saving valuable time when processing results and compiling reports.

Fluke
www.fluke.com

All-in-one PV system test solution meeting IEC 62446-1 standards for Category 1 and Category 2 tests

Open-circuit voltage (VOC) measurement at the PV module/string up to 1000 V DC

Short-circuit (ISC) current measurement at the PV module/string up to 20 A DC

On-location I-V curve results compares manufacturer I-V curve data to measured data on the analyzer
screen

Compatible with Fluke TruTest™ data management so�ware
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OBSERVATIONS ON THE MARKET AND THE TECHNOLOGIES THAT COULD BE THE
NEXT TO IMPACT APPLICATIONS IN AUTOMATION. By David L. Dechow

Machine Vision Trends

Advances in components, so�ware, and integration techniques continue to power growth in machine vision
and automated inspection for industrial automation. Key to success is to keep up with changing trends,
broadening component o�erings, and new imaging and analysis techniques. In this article, we will review the
“state of the market” and discuss some established technologies that are maturing to provide value to more
end users, as well as some “cutting-edge” technologies that may bear watching. Our discussion also will focus
on practical application of certain technologies and evaluate where capabilities have not yet lived up to the
market and user expectations.

Market Challenges Are Easing
The past year in industrial automation could be fairly characterized as “tumultuous.” With a return in the early
part of 2022 to some normalcy from e�ects of the pandemic, machine vision and related tech industries faced
the usual as well as new challenges. The shortage of skilled workers has been both a hardship and advantage
for manufacturers in this marketplace for some time and the trend likely will continue. Customers seeking to
mitigate loss of productivity driven by sta�ing problems have turned more than ever to automation as a
solution with machine vision and robotics at the center of the discussion. Conversely, producers of these
technologies face the same sta�ing issues, and the ability to deliver components and systems has markedly
impacted implementation in some areas. The trend is compounded by the newly trending supply chain crisis
that eased only slightly as 2022 unfolded. Shortages of sensors, integrated circuits (ICs), FPGAs (field
programmable gate arrays), memory, and other core technologies continued in many cases to result in long
lead times in machine vision components like cameras, smart cameras, PCs, embedded computers, and even
illumination systems. Also impacted were enabling technologies like robotics and process control. Although
some relief is in sight now, with lead times coming back to two to three months (from a worst case at some
points of five to eight months) for some components, conventional wisdom in the market suggests that it may
be into the second quarter of the year before normal delivery returns.

Trends In The State Of The Machine Vision Market
Despite challenges, the machine vision marketplace (and the closely related robotic marketplace) continued to
experience strong growth in the first half of the 2022 as reported by A3 (Association for Advancing Automation)
although final numbers are not yet available. However, in a member survey from Q2 taken by A3, sentiment
about growth in the market for machine vision components and systems was decidedly leaning towards a
downturn. This sentiment might be only a reflection of the market challenges noted earlier since other market
pundits and analysts both inside and outside of the industry seem to indicate in recent published studies that
machine vision and robotics overall will continue to grow at a good rate over the next four to five years. Driving
home the impact of the current market environment, the A3 survey also showed that supply chain disruption,
shortage of skilled labor, economic uncertainty, and inflation were (in that order) the biggest immediate
challenges to their respective companies. Ultimately, the key trend commercially though seems to be that
demand remains high as manufacturing seeks to continue its drive towards greater productivity and mitigation
of workforce shortages through implementation of automation, with this initiative strongly supported by
ongoing advances in machine vision and related technologies.

Technology Trends – Imaging Components
One of the more visible trends in technology involves both a technology and an application base. The
technology is 3D imaging, and the application base is 3D vision guided robotics. While machine vision has long
been a key enabler in robotic automation for a variety of use cases, the continued evolution of the capability
of 3D imaging systems is paving the way for growth in vision guided robotics solutions over widely varying
industrial markets. Most notable has been the rise of standard solutions that incorporate the 3D imaging
technology, advanced so�ware, and a robot and related components in integrated systems that hold the
promise of broader and easier implementation and integration in applications requiring 3D location and part
handling and even random object pick and place. Some use cases that can immediately realize the benefits of
these systems would be logistics and distribution, and machine tending. Similar application-targeted robotic
solutions also are using either 3D imaging or 2D imaging for a broad range of flexible inspection applications
with at least one system notably incorporating analysis of a CAD model to automatically drive an imaging
system to inspection points on an object without robot programming.

The trend in 3D imaging is buoyed by ongoing technological advances as well. Many systems now natively
provide either grayscale or RGB “texture” images correlated with the 3D data. This type of imaging enables new
strategies for object identification and segmentation as part of 3D location or measurement. A long-time
challenge for some types of 3D cameras, high-resolution, wide-area imaging of parts in motion at relatively
high rates is now available in the market.

A maturing technology, non-visible imaging continues to be a trend as it gains momentum in the marketplace.
The broad value of non-visible imaging, particularly in shortwave infrared (SWIR) for inspection and mid- to
longwave infrared (MWIR, LWIR) for thermal imaging has resulted in growing adoption of these technologies in
the industrial automation space. Shortwave infrared is particularly of interest due to its unique interactions
with some materials, like the ability to render some opaque plastics transparent while leaving water non-
transparent to certain SWIR wavelengths. SWIR is used in many implementations of hyperspectral and
multispectral imaging to identify materials and chemicals by spectral signature. Illumination components that
deliver SWIR wavelengths also continue to be on the rise in availability, helping to advance and facilitate more
potential use cases. Also, with the reference above to hyperspectral imaging it is important to note that
increased understanding of this technology and awareness of critical use cases in industrial automation make
this a “trending” imaging technique as well.

Ongoing advances in camera technology always make the “trending” list. Imaging sensors continue to achieve
higher resolutions and imaging rates. These added capabilities need to be supported by interconnect protocols
that can achieve higher bandwidth, and the market has responded as we see GigEVision implemented at up to
100Gbps, and interface standards like CameraLink HS and CoaXPress 2.0 also providing increased transfer
rates. Other sensor advances introduced in prior years are trending as camera manufacturers take advantage
of developments like the Sony SenSwir™ for visible and SWIR imaging and the Depthsense™ time of flight 3D
imager. In SWIR imaging also, advances in CQD (colloidal quantum dot) imaging sensors promise to lower costs
while increasing resolutions and performance. A recent unique sensor development, the “neuromorphic” or
“event” imager has been noticed by the market and is worth mentioning though in industrial automation still
in search of broad use cases.

Technology Trends – Software
“AI” (in the form of deep learning) still seems to receive a high amount of attention in the marketplace. Many
products promote “AI” in their name or as part of their so�ware o�ering though it is di�icult at times to
perceive exactly what the “AI” refers to. General purpose machine vision so�ware and components that use
deep learning for di�erentiation and classification, as in defect detection, continue to see adoption, and in
many cases the deep learning is o�ered as a tool in a broader library or so�ware implementation to further
enhance the overall capabilities.

In parallel, embedded computing and embedded vision, particularly when combined with compute platforms
that support deep learning, are trending as well. Use cases for embedded vision extend well beyond industrial
automation though in particular new smart camera o�erings make good use of this technology. As noted
earlier also, a distinct trending direction for so�ware is the targeting of specific application use cases with
easy-to-configure systems and packaged solutions and we can expect this movement to continue.

Trending Markets And Application Use Cases
One of the most interesting trends in industrial automation has been revealed in recent statistics about
robotic adoption by use case and market. Over the past few years, a shi�, small but noticeable, has taken place
in who is implementing the most robots. Traditionally automotive use cases have dominated non-automotive.
However, in the previous year, and potentially in 2022 when final numbers are in, non-automotive use exceeds
automotive applications. Overall, the general trend is that non-automotive applications are growing and
automotive applications, while strong, are mostly level. What does this have to do with machine vision trends
for markets and applications? Historically, machine vision as a technology market has tracked very closely with
the robotic marketplace for several reasons. In short, when we want to predict what might be the next
direction for machine vision, one place to look is where the robot sales are going.

That said, there are two important markets that likely will be key growth areas in the near future.

Precision agriculture and vertical/indoor farming: One of the keys to productivity in agriculture lies in
automation of the everyday tasks of farming and reduction of raw materials needed. One use case
where the latter is already seen is in automated weeding using vision guidance and laser destruction
of the weeds. Precision application of fertilizer in selective spray technology uses these technologies
also to reduce costs and chemical usage. In vertical and/or indoor farming robotics and machine vision
strive to make the process as near to fully automated as possible.

Logistics/warehousing: While perhaps slowing somewhat, the use of machine vision as a standalone
technology in logistics is still an important use case. Applications like “track and trace”, package/object
identification, and volumetric package analysis remain strong. VGR also continues to be a strong
target with AMR (autonomous mobile robots) used prolifically in moving product for order fulfillment.

The Most Important Trend Of All
For anyone who uses, specifies, designs, or develops machine vision systems, solutions, or technologies in
industrial automation, the most important trend to remember is “donʼt follow trends.” Jumping on some
bandwagon and specifying a technology because it is the most recent hype or because youʼve heard that youʼll
be le� behind if it s̓ not in your automation plan is a sure recipe for disaster. Evaluate the capabilities and
applicability of technology based on the needs, both functional and commercial, of each application and
specify the components and solutions that provide a known deliverable and result.

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

David L. Dechow is an engineer, programmer, and entrepreneur specializing in the integration of machine vision,
robotics, and other industrial automation technologies. Over a long career in manufacturing, he has served
various companies including Landing AI, Integro Technologies, and Fanuc America. He also was founder, owner,
and principal engineer for two successful systems integration firms. Currently Dechow provides technology
consulting and integration services through his company Machine Vision Source (MVSource.com) and also works
with TECH B2B Marketing helping companies with technology training delivery, services and support.

Dechow is a recipient of the A3 Automated Imaging Achievement Award honoring industry leaders for
outstanding career contributions in industrial and/or scientific imaging.  He is a member of the Association for
Advancing Automation (A3) Imaging Technology Strategy Board, and technical advisory board member with
Saccade Vision Ltd.

As a key educator within the machine vision industry, Dechow has participated in the training of hundreds of
engineers as an instructor with the A3 Certified Vision Professional program.  He also is well known for his
frequent informative technical articles, papers, webinars, and conference sessions and classes covering a wide
range of technical topics involving machine vision and enabling technologies in industrial automation. For more
information, email David.Dechow@MVSource.com.
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PROPER LIGHTING DESIGN IS ESSENTIAL TO ASSURE A SUCCESSFUL MACHINE
VISION PROJECT. IGNORING THIS IS ONE OF THE MOST COMMON CAUSES OF
MACHINE VISION PROJECT FAILURES. By Fred Turek

Core Concepts of

Machine Vision Lighting

Machine vision lighting is a broad topic but a short article can be useful because some core concepts are not
widely known. It s̓ been said “If you can't explain it simply, you don't understand it well enough,” so weʼll make
an e�ort to leave out impressive math and jargon.

Weʼll start with three core statements:

Let s̓ simplify our discussion by narrowing it to 2D imaging and traditional rules-based (vs. deep learning)
machine vision.

You already intuitively know some of the main concepts of machine vision lighting design, even if you donʼt
recognize them or apply them to machine vision. Let s̓ take a look at recognizing and describing them in order
to apply them to machine vision solutions.

The mission of machine vision lighting isnʼt to “light it up,” it is to create reliable di�erentiation
suitable to enable the intended inspection program to work. For conventional rules-based machine
vision (vs. deep learning) the created di�erentiation generally needs to also be of “simple rule” type.

Machine vision lighting design isnʼt just about the light source. It s̓ a three-way geometric relationship
between the light source, the camera or imaging system and the workpiece. Choosing a camera or
workpiece location and orientation is o�en a part of “lighting” design, and the geometric relationship
between those three items always is a part of lighting design.

Proper lighting design is essential to assure a successful machine vision project. This statement goes
beyond the routine platitude that it looks like; ignoring this is one of the most common causes of
machine vision project failures.

Figure 1

For our example, weʼll use the glossy printed item shown in Figure 1. We also introduced a defect: a
crease/dent that goes through the yellow and orangish-yellow segments of the color wheel. The STAR acronym
covers the four main fates of a light ray that hits the workpiece (Scatter, Transmit, Absorb, Reflect).
Understanding and using those behaviors is at the core of machine vision lighting design. Scatter and reflect
are the ones that we care about today and are shown in Figure 2.

Figure 2

The flat portions of the shiny surface make part of the beam reflect in the opposite direction at the same angle
as the angle of incidence. The reflected beam is very intense. The shiny surface behaves somewhat like a
mirror. If  you put your eye into the beam and looked at the surface, you would see an image of the light source
rather than the product. A common name for that would be glare.

The dull card under the gloss converts the light into whatever color that portion of the workpiece is and
scatters it in all directions. In any given receiving point, this scattered light from that spot is much weaker than
the reflected light.

The first inspection mission is to measure the approximate length of the crease/dent that we put into the
segment on the color wheel to see if it is severe enough to reject the product. While the lighting used for Figure
1 is nice by most standards, it is the worst possible lighting for this mission; it makes the dent completely
invisible. But, if  we handed you the card, you will intuitively know how to create a suitable lighting solution to
accomplish the mission. Youʼd select a light source in the room with a large emissive area such as a 2ʼ x 4ʼ
di�used ceiling light or a window letting in bright light from the outside. By holding the card flat, you can see
the glare from the light source on it and youʼd adjust it so the glare covers the entire area of interest. This
adjustment creates ʻ s̓imple ruleʼʼ di�erentiation. That rule being, “the good areas light, the bad areas dark.”
Your sight picture will look something like Figure 3 where glare covers the entire image. From there, your brain
or machine vision program can easily separate the defect by lightness/darkness and evaluate it. The glare area
is called a specularlighting solution.

Figure 3

You probably chose the optimal methods to create reliable, simple-rule di�erentiation for the dent, but there
are others. One might be to bring light in at such a low angle that the dent creates a shadow for the area inside
of it. This e�ect is one of the many meanings of the term “dark field.” Another method would be to place your
eye/camera so there is no glare from the flat surface and rely on a shiny part inside the dent to be at the right
angle to give you a bright specular reflection (Figure 4).

Figure 4

The second mission is to measure and verify the area of the yellow segment. To accomplish this, we need to
separate the yellow segment from its neighbors. Thinking ahead, youʼll use color analysis so�ware tools to do
that. With casual random light, there are some areas of the workpiece that will have glare. Note how the colors
in the glare area in Figure 3 are hard to see, which would make for a non-robust machine vision solution. If you
were handed the card, you would intuitively create the proper lighting solution by moving the card so that
there is no glare in the area of interest, making it look like Figure 1. Then your machine vision camera and
so�ware can easily separate, measure and verify the yellow area.

Here are three more tips learned from that process:

1. As is commonly the case with the machine vision process, design starts with a later phase and works
backwards from there. That doesnʼt mean pre-designing the entire program. It does mean choosing
the core method of the program that utilizes the lighting solution. For our examples, those are
so�ware tools that separate by color or lightness/darkness.

2. In our main solution, we didnʼt exactly see the dent. What we saw was an area where specular
reflection from the flat surface was missing.

3. What mattered most about the nature of the light source was its emissive area, the geometry of the
area that is emitting light.

The flat surface made our color identification mission simple. The surface is all at the same angle so avoiding
glare was simpler, and a flat surface does not create shadows on itself. For more complex shapes, these two
e�ects become more di�icult to avoid. One technique for those is to use an extremely di�use light source
where a low level of light is provided from all directions. A classic example is a dome light of the right size and
placement. It behaves like a cloudy day outside, where there is no direct light from the sun and every piece of
the sky is a lit-up cloud (a low-level light source).

What people know how to do intuitively they o�en donʼt know how to apply to machine vision. One customer
had a long-term problem reading characters on a glossy surface and sought an extra machine vision so�ware
training course to resolve it. We saw the image and replicated the problem, which was that someone thought
that putting a ring light on the camera was a nice way to light it up which did the exact opposite of what was
needed for the mission. We switched the light o�, put a hardware store flashlight in the right place and their
two-year problem went away. This further reinforces the importance of applying the underlying principles to
lighting design. Hopefully this article has provided a useful introduction to some of them.

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

Remaining Images Source: FSI Technologies Inc.

Fred Turek (BSEE University of Illinois) is COO of FSI Technologies Inc. (Lombard, IL), which was founded in 1959
and offers machine vision training, services and solutions. He has been engineering machine vision solutions for
over 22 years following decades of experience in other factory automation fields.
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COMPUTATIONAL IMAGING CAN SIMPLIFY
CERTAIN PROBLEMS THAT ARE DIFFICULT
TO SOLVE WITH STANDARD VISUAL
IMAGING. 

 By Steve Kinney

Creative Illumination
Techniques Enable
Computational Imaging

The concept of computational imaging may be new to many, but the value of this already somewhat mature
technology is far-reaching. Applications involving multi-image and multi-light-imaging input with computed
output images based on algorithms have expanded well beyond the original realm of R&D. This technology has
found its way into industrial automated inspection, where the creative use of illumination components has
emerged as an enabling technology providing valuable imaging capabilities.

Broadly stated, the term “computational imaging” may be applied to varying techniques that employ
algorithms to create a single image from more than a single optical acquisition. Research on computational
imaging involves lens-less, single-pixel, and even flat cameras. Machine vision implementations of
computational imaging are much more mature, and components and so�ware for specific application areas
easier to use than ever. In two common use cases, illumination devices and controls contribute to key imaging
capabilities. These use cases are photometric stereo (or shape-from-shading) imaging, used to highlight
geometric features, and high-resolution color imaging.

Illumination Supporting Photometric Stereo (Shape From Shading)
Photometric stereo imaging is closely related to 3D imaging. While not a direct physical 3D representation of a
scene, a photometric stereo image represents the geometric shape of features in the image, and the imaging is
much more easily implemented. Typically, a single camera is used and multiple illumination sources over
multiple images are combined in so�ware that is readily available from and supported by many machine vision
components and so�ware libraries.

Photometric Stereo Overview
Fundamentally, photometric stereo in computational imaging for machine vision leverages multi-angle
illumination to extract features whose height varies from that of surrounding surfaces. In a single-image
acquisition, the features appear bright with respect to the nearby surface. This lighting technique is widely
used in machine vision to e�ectively detect surface features and defects. However, when a series of images is
acquired with illumination coming from di�erent angles (Figure 1), the resulting images can be combined
using a shape-from-shading algorithm to obtain an uncalibrated 3D image representation of the relative height
of features.

Figure 1: Photometric stereo in computational imaging
for machine vision leverages multi-angle illumination
to extract features whose height varies from that of
surrounding surfaces.

Figure 2: The output of photometric stereo imaging
varies depending on the choice of processing
algorithm. The same directional input data is shown
using Matrox Design Assistantʼs mean curvature (top
left), local contrast (top right), texture (bottom
left), and Gaussian curvature (bottom right)
algorithms. Additional algorithms include albedo and
local shape. The right choice depends on the object
being imaged and the type of feature being detected.

Unlike more complex 3D imaging systems, the resulting photometric stereo image is o�en a curvature image,
not a pure height or depth image. The image data create a grayscale representation of the surface geometry of
discrete features with localized height variation. Those that are farther away in height or depth from
surrounding surfaces will have a higher grayscale pixel value. In addition to processing curvature images,
advanced vision libraries can process directional images though other algorithms (Figure 2). Filters include
texture, mean, local shape, local contrast, Gaussian, and albedo. Each filter highlights di�erent surface
properties, and users can choose the one that is best for their particular application.

The broad use for photometric stereo imaging is to highlight features in an image where the object or scene
lacks grayscale content but individual features have geometric variation relative to the surface. One example is
the imaging of tires for identification based on sidewall graphics and characters. With information provided by
multi-image representation, the grayscale image can be processed using typical machine vision tools to
perform inspection tasks such as defect detection, OCR/OCV, and measurement. Surfaces with embossed or
debossed codes or characters also are good candidates for photometric stereo imaging. Similarly, many
products and components with low-contrast features but geometric structure can benefit from this imaging
technique (Figure 3).

Implementation Of Illumination For Photometric Stereo Imaging
Photometric stereo imaging relies heavily on so�ware and algorithms that are used to combine and process
varying views of an object. Implementation of this multi-image computational technique starts with
illumination components. Typically, with a single camera generally centered over an object, four separate
images are acquired. Each has illumination at a di�erent clocking angle around the field of view — most o�en
at 0, 90, 180, and 270 degrees (or more informally stated, on the four sides of the camera s̓ rectangular or
square field of view). The illumination angle of each light defines the features that will be highlighted.

Illumination components are selected based on the required field of view, and di�erent applications might use
multiple individual lights or just a single light source with multiple controllable illumination angles — for
example, a ring light with multiple individually controlled segments or zones (Figure 4). For each image
acquired, a di�erent light (or lighting zone) is used. The sequencing for the multi-image acquisition is easily
implemented using a lighting controller that interfaces with the lights, the camera, and the acquisition
so�ware.

High-Resolution Color Images With Grayscale Cameras And Computational Imaging
Another example of illumination combined with computational imaging involves the acquisition of high-
resolution color images. In a single-sensor camera, color images are produced by fabricating a red, green, or
blue broad bandpass filter over each individual pixel. In most RGB imaging, this technique is called Bayer
filtering because of the layout of the filters on the pixels. With each pixel having only one of three colors, the
final full-color image must be reconstructed from adjacent pixels in a process called de-Bayering (or de-
mosaicking). Due to this pixel combination, the e�ective spatial resolution of the resulting image is
significantly reduced compared to the actual resolution of the sensor. An e�ective and simple solution to the
loss of resolution is the implementation of computational imaging with multispectral illumination.

Executing Color Imaging With A Grayscale Camera
A lighting component that can illuminate the field of view with multiple colors (or multispectral) can mimic the
broad band filtering used on a color camera on a grayscale camera that does not have pixel-level filters. In this
implementation of computational imaging, the multiple images acquired are linked to illumination of a part
using three broad wavelength colors: red, green, and blue. As with photometric stereo, an appropriate lighting
controller can be used to further simplify the acquisition. The resulting images contain full-resolution
representations of the red, green, and blue content of the scene. In so�ware, the three images are easily
combined into a multi-channel color image with a structure as required by the specific application (Figure 5).

In some cases, not only the spatial resolution but also the color fidelity might be improved over simple Bayer
filtering. The consistency of the illumination source can introduce a level of reliability and color reproduction
that could exceed the capability of on-sensor filtering in some applications. This computational imaging
technique gives users the benefits of color imaging without the loss of resolution associated with Bayer color
cameras and on-chip color filters.

Parts In Motion
Not just for stationary parts or objects, computational imaging can be easily used in applications where parts
(or even imaging components) are in motion. The technique involves careful specification and in some cases
additional processing. As with all imaging applications involving moving parts, to minimize motion blur, key
metrics to consider are the speed of motion and the exposure (or strobe) duration of each image. In
photometric stereo imaging, one must also consider the rate of multi-image acquisition and the amount of
movement of the part in the field of view over the aggregate acquisition time.

If the part is moving slowly enough and the imaging rate is high enough, the multiple images obtained might be
su�iciently close to each other in terms of part movement to provide a suitable combined image. Fueled by the
rise of low-cost, high-speed CMOS imagers, this process is easier than ever. If intra-scene movement is too
great, simply use a faster CMOS camera.

If the part moves too much from image to image and a faster camera isnʼt an option, it might be necessary to
preprocess images to digitally align them. This involves comparing suitable features on each image to the first
image taken and then applying appropriate translations to match those features for the subsequent multi-
image computation (Figure 6).

So�ware tools can realign an object down to the pixel across multiple captured frames and even correct
rotational variation. Standard tools in most machine vision libraries can correct motion to make these
computational imaging techniques useful, even if a part isnʼt still or registered as the sequence is gathered.

Another technique is to externally track the motion of a part between each image (for example, on a conveyor)
and then directly apply a transformation based on the known amount of physical o�set of the images. In all
cases, of course, it is mandatory that during the acquisition of images, the part remains in the camera s̓ field of
view. This method is particularly well suited for objects moving on an encoded conveyor belt and images
captured with line scan cameras.

Though it may seem a more complex solution, computational imaging can actually simplify certain problems
that are di�icult to solve with standard visual imaging. Computational imaging, particularly as enabled by
today s̓ lighting components and controllers, has become an easy-to-implement and valuable imaging
technique that is readily accessible for a wide range of machine vision applications.

Source for all images: Smart Vision Lights

Steve Kinney, director of training, compliance, and technical solutions, Smart Vision Lights. For more
information, visit www.SmartVisionLights.com.
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OVER MACHINE VISIONʼS LONG HISTORY IN INDUSTRIAL AUTOMATION, THE
EMERGENCE AND DEVELOPMENT OF STANDARDS HAS BEEN ONE OF THE KEY
DRIVERS IN ADVANCING THIS TECHNOLOGY. By Bob McCurrach

Standards for machine vision technology and integration in the industrial automation marketplace continue
to evolve as new technologies emerge. New standards and guidelines for application analysis and
specification, validation, and measurement of capabilities will inform and enable better integration of
inspection technologies across widely varying use cases. In this article, we review key standards that currently
exist and provide an overview on recent updates and potential changes that will impact and benefit users of
machine vision technologies. We also look at the work of various organizations to understand how their
standards may impact the machine vision market.

The Value Of Standards In Machine Vision
Over machine vision s̓ long history in industrial automation, the emergence and development of standards has
been one of the key drivers in advancing this technology and its broader usage. Standards for the
interoperability and interconnectivity of components and for systems implementation and performance
measurement make machine vision easier to use. Standards also create an environment where the focus is
more on applications and less on the details of whether individual components will match and/or work
together as expected. Furthermore, standards serve to help reduce costs in both the manufacturing of vision
components and in system design and installation.

Lens mounts are a good example. The ubiquitous C-mount has long been one widely accepted de-facto, or
informal, standard. The specifications for it and other lens mounts are now published as formal standards.
This standardization is critical to ensure that lenses from di�erent manufacturers attach correctly to diverse
cameras and provide the exact back-flange distance to create a consistent image regardless of the
components. Of course, standards are more than just physical specifications, and a broad range of standards
for machine vision are in development.

Standards Activity Overview
Machine vision standards are developed and supported to provide consistency in so�ware and firmware and
interfaces between components and for performance measurement and evaluation. Working groups from
many companies around the world collaborate to develop and constantly refine these standards. In most
cases, one of several global trade associations hosts and manages a set of standards. These associations work
together to promote and help organize the development of standards.

These groups include the Association for Advancing Automation, or A3 (automate.org); the European Machine
Vision Association, or EMVA (emva.org); the Japanese Industrial Imaging Association, or JIIA ( jiia.org); the
German Engineering Federation, or VDMA (vdma.org); and the China Machine Vision Industry Alliance, or CMVU
(china-vision.org). These five vision associations meet regularly to coordinate standards development and
promote each other s̓ standards globally in an e�ort referred to as the G3. Closely related to standards, guides
are also available — and in process — to help users design and integrate machine vision solutions successfully.
While all machine vision standards are important, perhaps the most recognizable are those that address
camera interfaces.

Camera Interface Standards
Camera interface standards deal with the hardware and the so�ware used by component cameras and other
imaging systems to connect to and communicate with computers and processors. In terms of hardware, each
standard identifies the cables and connectors that will successfully interface with a computer or device (e.g.,
frame grabber) that follows the same standard. In some cases, the interconnect is unique to the individual
standard, but in others, the connections and cables are familiar and widely used in a computing environment.

Hardware Standards
The machine vision marketplace provides five dedicated unique hardware standards for camera interfacing.
These are Camera Link, Camera Link HS (CLHS), CoaXPress (CXP), GigE Vision, and USB3 Vision. Another
nondedicated, general-purpose computer interface also can be used in machine vision applications — IEEE
1394, or FireWire. The physical attributes regarding cables and connectors for each of these interfaces vary
widely as do the specific capabilities of each interface with respect to speed, power implementation, computer
interface, cable length, and even the type and composition of the cables. Some selection criteria will be
discussed briefly later, but as always, a detailed study of each specification is recommended relative to any
individual application.

Software Standards
One camera interface so�ware standard defines the low-level code that executes the communication between
the camera and processor. At the most fundamental level, the interface standard indicates the so�ware
implementation of a transport layer that executes the physical communication with the camera. Depending on
the interface, either a unique, dedicated frame grabber or a standard computer bus adapter is used on the
processor side, along with driver so�ware that implements the transport layer communications.

Another so�ware layer associated with camera interface standards is the SDK (so�ware development kit). The
SDK provides the interface between a machine vision application and the low-level communications needed to
execute basic functions such as identifying connected cameras, configuring cameras, acquiring an image, and
handling signals and events passed from the camera. SDKs may vary slightly depending on the camera or
interface device manufacturer but overall will adhere to an individual interface standard.

Two di�erent so�ware interface standards exist for machine vision components. In most hardware interface
standards, GenICam (Generic Interface for Cameras) is either the mandatory or optional programming
interface. This flexible standard is implemented in both the camera and device. In di�erent modules, GenICam
provides a method for common naming of features and pixel formats, defines how to implement a generic
interface with the camera, indicates communication techniques associated with the transport layer, and
controls protocol and data packets. In the various hardware standards, all or some of these modules might be
mandatory or optional.

A second so�ware interface standard relates exclusively to IEEE 1394/FireWire hardware. The IIDC2 standard
was developed as an extension of the original Apple IIDC FireWire specification to provide consistency in the
control and interface of machine vision cameras using a FireWire connection.

Selecting A Camera Interface Standard
A detailed discussion of camera interface standard selection is beyond the scope of this article. In general, the
selection is based on the needs of a specific application. Still, this can be a complex decision based on multiple
interface attributes and even subjective preferences. Noted here are some of the practical di�erentiators to
take into account:

Bandwidth (speed): Each interface has a specified maximum data throughput capability (which could
be considered as image rate) with variations sometimes even within the standard based on cabling
configuration. For example, some interfaces require multiple taps (cables) to achieve a higher data
transfer rate. As noted below, recent developments in certain standards have resulted in greater
speed and bandwidth for those interfaces.

Connector preference: The physical connection between the camera and interface device, or frame
grabber, might be a consideration in some cases. Of interest could be the physical robustness of the
connector and cable for use in a certain application. For example, robotic applications may require
cables with high stress tolerance and low bend radius. Another consideration is whether the interface
can be easily implemented in optical cabling.

Cable length: Cables for di�erent interfaces have dramatically di�erent maximum lengths per the
specification. As mentioned, some interfaces natively support optical fiber cables thereby extending
the possible length of transmission.

Type of interface: Some interfaces require a dedicated interface card, or frame grabber.

Other considerations: GenICam compliance, acquisition trigger type and latency, signal jitter,
transmission robustness or redundancy, and other considerations could be of interest in specific
applications.

The G3 put together a very useful brochure titled Guide to Understanding Machine Vision Standards. This
brochure provides a common template for describing each standard, which allows unbiased comparisons of
each standard s̓ capabilities. The brochure is accessible from any of the G3 trade association websites.

Camera Performance, Integration, Validation, And Other Standards
Hardware and so�ware interface standards are only one piece of the standards puzzle in machine vision. Key
standards are available for lens mounting and lighting design, specification, and performance (from JIIA). An
important standard available from EMVA discusses the measurement and specification of cameras used in
machine vision. In a joint e�ort with many camera manufacturers, the EMVA 1288 standard discusses specific
camera performance metrics and measurement methodologies and guidelines for the standardized
presentation of results to help users compare and select components. In Europe, the VDI (Association of
German Engineers), VDE (Association for Electrical, Electronic & Information Technologies), and VDMA
(German Engineering Federation) have developed VDI/VDE/VDMA 2632, which helps users and providers
communicate project requirements, improve the integration process, and perform standard acceptance
testing.

Recent Updates And New Standards
Most standards for machine vision are always in flux. The result is continual improvements in capability and
performance as manufacturers adopt new and updated standards. At The Vision Show in Boston this past
October, A3 released a significant speed upgrade for CLHS version 1.2. The new speed grade S25 and MPO
connector enable e�ective 100 Gbps data bandwidth over a single cable and 400 Gbps over four cables. The S25
is backward compatible to S10, and the committee IP Core (US$1,000) can be used without any changes,
ensuring easy upgrades for manufacturers and customers. Within the past year, the CXP interface standard has
been updated to version 2.0. The updated standard provides greater transfer rates over a single cable and up to
100 Gbps over multiple cables. It also increases cable lengths and improves latency. And new Ethernet
interface cards and camera technologies are driving GigE Vision transfer speed standards from 10GigE up to
100GigE.

Not released but in process are standards from the National Institute of Standards and Technology (nist.gov —
and ASTM International (astm.org) that define 3D imaging systems, including their performance and methods
and metrics for testing and validation. Also in process from these organizations is a guide for selecting 3D
imaging systems. Standards are important to anyone involved in machine vision and the application of the
technology. Keep abreast of new developments and research existing standards to understand what
components are best for your application.

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

Bob McCurrach, Director of Standards Development – Vision & Imaging, Association For Advancing Automation
(A3).

JANUARY 2023  |  VOLUME 62  |  NUMBER 1

https://www.qualitymag.com/


Directory Premium
Sponsorships

Below Are The Premium Listings From Our Directories.
For The Complete List Of Companies And Products In Our 

Buyers Guide And NDT Sourcebook, Go To

WWW.QUALITYMAG.COM/DIRECTORIES

DECEMBER 2022  |  VOLUME 61  |  NUMBER 12

https://www.qualitymag.com/directories
https://www.qualitymag.com/


Buyers Guide Premium
Sponsorships

Accurate Technology (ProScale)

270 Rutledge Rd., Unit E
 Fletcher, NC 28732-9399
 (828) 654-7920

 sales@proscale.com 
 www.proscale.com

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

Gage manufacturer for length, width, thickness measurement of big products. Since 1989, we have made

simple encoder and complete turnkey solutions for measuring tubes, extrusions, shafts, sheets, panel

goods, wire assemblies, tiles, and much more. Ranges up to 30 feet, accuracy to +/-.002 inches. We also

manufacture linear encoders for thousands of applications. Proudly Made in USA
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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.
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At DWFritz (a Sandvik company), we manufacture ZeroTouch®, a family of non-contact, high-speed

inspection products. These products have been manufactured for in-line or near-line measurement

processes for multiple industries, including automotive, aerospace, orthopedic, and a wide variety of

other industries. The level of precision and reduced inspection cycle times has produced a signi�cant

value for our customers.
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In business since 1986, specializing in dimensional inspection / �rst article inspection, reverse

engineering, and 3-D scanning. Our clients range from small job shops and manufacturers to leading

�rms in commercial, industrial, defense, automotive, medical, and aerospace markets. ISO 9001

registered, AS9100 certi�ed, ISO 17025 & NADCAP M&I accredited.
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InnovMetric is the pioneer of point cloud-based inspection and invented the concept of a universal 3D

metrology software platform. Delivering the highest quality of products and services is our main focus to

help you achieve your business objectives. We contribute to the success of the industrial manufacturing

companies worldwide.
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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.
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Force Calibration

Gage Block Calibration

Hand Gage Calibration

Hardness Tester Calibration

Surface Plate Calibration

Torque Calibration

 

TESTING / INSPECTION / MEASUREMENT SERVICES

Dimensional Inspection Services

Mechanical Testing Services

Metrology Services

Repair Services

Thread Inspection Services

 

Click Here

BACK

Ledford Gage Lab Inc.
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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)

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

BACK
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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 manufactures force and torque measuring gauges, systems, and accessories.

From peel testing to tensile testing, from spring testing to weld strength testing, we help Quality Control

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

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

 

**Product Categories**

MEASUREMENT EQUIPMENT

Calibration Equipment

Calibration Equipment, Force

Dynamometers

Gages

Gages, Force

Gages, Strain

Indicators

Indicators, Torque

Load Cells

Meters, Tension

 

TESTING EQUIPMENT

Adhesion & Bond Strength Testers

Bond Testers

Compression Testers

Creep Testers

Flexure Testers

Friction Testers

Materials Test Equipment

Nondestructive Test (NDT) Equipment

Plastics Test Equipment

Shear Testers

Spring Testers

Stands, Test

Stiffness Testers

Tear Testers

Tensile Testers

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Torsion Testers

Transducers

Transducers, Torque

Universal Testing Machines

Wire Crimp Pull Tester

 

CALIBRATION SERVICES

Calibration Labs

Gage Repair

 

TESTING / INSPECTION / MEASUREMENT SERVICES

Repair Services

 

Click Here
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Buyers Guide Premium
Sponsorships

  MARPOSS

3300 Cross Creek Pkwy.
 Auburn Hills, MI 48326

 (248) 364-4252
 marposs@us.marposs.com 

 www.marposs.com

 

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

Marposs, founded in 1952, has distinguished itself by supplying advanced solutions that improve quality

and productivity while reducing manufacturing costs through technologies such as process control,

machine tool monitoring and precision gauging, as well as leak testing and automated assembly and

control lines. A long-time key supplier to the automotive and aerospace markets, Marposs’ growth

strategy includes the acquisition of high-quality companies that offer innovative products

complementary to its portfolio, enabling penetration into new market sectors. The Group currently has

over 3700 employees worldwide and is present in 25 countries through more than 80 of�ces.

 

**Product Categories**

INSPECTION EQUIPMENT

Gear Inspection System

Readout Devices, Digital

 

MEASUREMENT EQUIPMENT

Analog Indicators

Automatic Gaging & Sorting Systems

Coordinate Measuring Machines (CMM)

Coordinate Measuring Machines (CMM), Probes & Styli

Cylindricity Measurement Equipment

Data Collection Equipment

Detectors, Broken Tool

Dimensional Measurement Equipment

Dosimeters

Electrostatic Discharge (ESD) Prevention Devices & Equipment

Fixtures, Gaging

Gage Masters

Gages

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, Laser

Gages, Laser Pro�ling

Gages, Plug & Ring, Cylindrical

Gages, Plug & Ring, Thread

Gages, Spline

Gages, Thickness, Electronic

Gages, Thickness, Noncontact

Gages, Thread, Indicating

Gear Measurement Equipment

Geometry Measurement Equipment

Indicators

Indicators, Dial, Contact Points

Indicators, Mechanical Dial & Electronic

Laser Measurement Systems

Laser-Based Measurement Equipment

Micrometers

MultiSensor Measuring Machines

Noncontact Measurement Equipment

Optical Measurement Equipment

Optical Scanners

Probes

Probes, Touch-Trigger

Probes, Ultrasonic

Process Control Equipment

Readout Devices, Analog

Readout Devices, Digital

Roundness/Cylindricity Measurement Equipment

Scanners

Scanners, Laser Scanners

Surface Analysis Equipment

Surface Measurement Equipment

Surface Contour & Pro�le

Surface Finish & Texture

Surface Waviness

Turnkey Gaging Systems

 

TESTING EQUIPMENT

Eddy Current Test Systems & Equipment

Electronic Test Instruments

Leak Detection Equipment

Nondestructive Test (NDT) Equipment

Thermal Analysis Systems

Transducers

Transducers, Linear Displacement

 

SOFTWARE

CMM Programming/Simulation

Gage Calibration/Management

Gage R&R

Gage Repeatability

Geometric Dimensioning & Tolerancing (GD&T)

SPC/SQC & Statistical Analysis
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Buyers Guide Premium
Sponsorships

North Star Imaging

19875 S. Diamond Lake Rd. 
 Rogers, MN 55374 

 (800) 635-8392 
 sales@4nsi.com 
 https://www.4nsi.com

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

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

DR & CT equipment and develops software applications for its systems. Other services include as-

needed Inspection Service, Technical Service and NDT training.  

**Product Categories**

3-D Imaging

Computed Tomographic Systems

Materials Analysis Equipment

Materials Testing Services / Labs

NDT Certi�cation

NDT Equipment Repair

NDT Lab Services

NDT Labs

NDT Scanners

NDT Training

Radiographic Test Systems

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-PLUS Labs

13765-E Alton Pkwy. 
 Irvine, CA 92618 

 (949) 380-7758 
 qplus@qpluslabs.com 

 https://www.qpluslabs.com 
 

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

Premier full-service precision dimensional measurement and inspection laboratory providing a wide

array of quality measurement services, products, and solutions. Dimensional inspection, �rst articles,

reverse engineering, 3D scanning & analysis, pro�lometry. Products include a full line of measuring

instruments and systems. ISO 9001 registered, AS9100 & ISO 13485 certi�ed, & ISO 17025 accredited.

 

**Product Categories**

INSPECTION EQUIPMENT

Borescopes

Borescopes, Video

Gear Inspection System

Machine Vision Equipment

Microscopes

Microscopes, General Purpose

Optical Comparator Charts

Optical Comparators

Optical Comparators, Accessories

Sensors

Sensors, Optical

Video Inspection Systems

Videoscopes

Vision Inspection Systems

Vision Inspection, Components/Peripherals

X-ray Machines

 

MEASUREMENT EQUIPMENT

Analog Indicators

Automatic Gaging & Sorting Systems

CNC Controls & Digital Readouts

Calibration Equipment

Calibration Equipment, Mechanical

Calipers

Coordinate Measuring Machines (CMM)

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

Cylindricity Measurement Equipment

Dimensional Measurement Equipment

Fixtures, CMM

Fixtures, Gaging

Gage Blocks

Gage Masters

Gage Stands

Gages

Gages, Angle Measurement

Gages, Bore

Gages, Chamfer

Gages, Depth

Gages, Dial Indicator

Gages, Electronic Column

Gages, Fixed Limit (Go/No-Go)

Gages, Fixture & Special Tooling

Gages, Flush

Gages, Force

Gages, Gap

Gages, Gear

Gages, Geometry

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, In-Process

Gages, Laser

Gages, Laser Pro�ling

Gages, Pin

Gages, Plug & Ring, Cylindrical

Gages, Plug & Ring, Thread

Gages, Thickness, Coatings - Contact

Gages, Thickness, Electronic

Gages, Thickness, Laser

Gages, Thickness, Noncontact

Gages, Thread

Gaging Accessories

Gear Measurement Equipment

Geometry Measurement Equipment

Indicators

Indicators, Mechanical Dial & Electronic

Laser Measurement Systems

Laser-Based Measurement Equipment

Load Cells

Measuring Machines

Micrometers

Micrometers, Bench

Micrometers, Thread

Microscopes, Measuring

MultiSensor Measuring Machines

Noncontact Measurement Equipment

Optical Measurement Equipment

Optical Scanners

Plates, Surface

Probes

Probes, CMM

Probes, Touch-Trigger

Roundness/Cylindricity Measurement Equipment

Scanners

Scanners, 3D Scanning Equipment

Scanners, Laser Scanners

Scanners, White Light Scanners

Stages, Coordinate Measuring Equipment

Surface Analysis Equipment

Surface Finish Equipment, Averaging

Surface Finish Equipment, Pro�ling

Surface Measurement Equipment

Surface Contour & Pro�le

Surface Finish & Texture

Surface Waviness

Tapes / Rules, Measuring

Thin Film Measurement Equipment

Turnkey Gaging Systems

V-Blocks, Straight Edge

Video Accessories

Video Machines & Systems

 

TESTING EQUIPMENT

Adhesion & Bond Strength Testers

Compression Testers

Flatness Testers

Flexure Testers

Hardness Testers

Spring Testers

Stands, Indicator

Stiffness Testers

Tear Testers

Tensile Testers

Thickness Testers

Thickness Testers, Coating

Thickness Testers, Ultrasonic

Universal Testing Machines

 

CALIBRATION SERVICES

CMM Calibration

CMM First Article Inspection Calibration

Calibration Labs

Dimensional Measurement Equipment Calibration

Force Calibration

Form/Shape/Surface/Contour Calibration

Hard Gage Calibration

Optical Equipment Calibration

Other Calibration Services

Surface Plate Calibration

 

MANAGEMENT SERVICES

AS-9100, Consulting

AS-9100, Training

Capability Studies & Statistical Analysis, Gage R&R

Capability Studies & Statistical Analysis, PPAP

Capability Studies & Statistical Analysis, SPC

ISO 13485, Consulting

ISO 13485, Training

ISO 9001: 2015, Consulting

ISO 9001: 2015, Training

Laboratories

Management Service Consultants

Other Management Services

Problem Solving

Process Control

Quality Management Services

Statistical Process Control

Strategic Quality Planning

Training & Consulting Services

Training, Geometric Dimensioning & Tolerancing

Training, Metrology

Training, Quality

 

TESTING / INSPECTION / MEASUREMENT SERVICES

3-D Measurement Services

CMM Inspection Services

CT Scanning Services

Coordinate Measuring, Inspection Services

Dimensional Inspection Services

Failure Analysis Services

First Article Inspection Services

Form & Roundness Testing Services

Gear Inspection Services

Geometric Dimensioning & Tolerancing Services

ID/OD Measurement Services

Laser Inspection Services

Mechanical Testing Services

Metrology Services

Noncontact Inspection Services

Other Testing, Inspection, Measurement Services

Part & Tool Inspection Services

Reverse Engineering Services

Spring Testing Services

Surface Finish Analysis Services

Thread Inspection Services

Vision System Integrators Services

 

SOFTWARE

Analysis/DOE

CAD/CAM

CMM Programming/Simulation

Contour Analysis

DMIS/Computer & CAD Based Inspection

Gage R&R

Gage Repeatability

Geometric Dimensioning & Tolerancing (GD&T)

Graphics

Other Software Applications

Process Control

Shape Metrology

Training

 

VISION & SENSORS

Consulting Services

Sensors

Software

Vision Systems
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QT9 Software

2731 Beverly Dr.
 Aurora, IL 60502

(630) 892-5022
 sales@qt9software.com

 https://qt9software.com

 

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

QT9 Quality Management Software is a user-friendly, cloud-based QMS that handles ISO 13485, 21

CFR Part 11, ISO 9001, AS9100, ISO 17025, and 21 CFR Part 820/210/211 FDA requirements. QT9

QMS eliminates all of the Excel and general paper pushing/manual work and automates your QMS with

interlinked modules.

 

**Product Categories**

SOFTWARE

APQP/PPAP

Corrective Action

Corrective Action Tracking Systems

Document Control

ERP

Failure Mode & Effects Analysis (FMEA)

Gage Calibration/Management

IATF 16949

ISO 13485

ISO 17025

ISO 9001:2015

Quality Alert Noti�cation

Total Quality Management

Training
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Buyers Guide Premium
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SigmaXL Inc.

305 King St. W., Ste. 503 
 Kitchener, ON N2G 1B9 

(888) 744-6295 
 sales@sigmaxl.com 

 https://www.sigmaxl.com 
 

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

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

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

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

Sonoco, Southwest Airlines and Tyson Foods. SigmaXL software is also used by numerous colleges,

universities, and government agencies.

 

**Product Categories**

SOFTWARE

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
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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 89 years. All of our

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

**Product Categories**

Hardness Testers

Click Here
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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 with State of the Art Air Gage Readouts. Providing the industry with Custom Production

Gaging Solutions since 1968.

 

**Product Categories**

MEASUREMENT EQUIPMENT

Gage Masters

Gages

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

 

CALIBRATION SERVICES

Gage Repair

 

TESTING / INSPECTION / MEASUREMENT SERVICES

Dimensional Inspection Services

ID/OD Measurement Services

 

Click Here

BACK

mailto:sales@westerngage.com?Subject=Request%20from%20your%20Quality%20Buyers%20Guide%20listing
https://www.westerngage.com/
http://www.qualitymag.com/directories/2169-buyers-guide/listing/5859-western-gage-corp
https://www.westerngage.com/


CONTACT  US

— CORPORATE —

Rita Foumia – Chief HR & Infrastructure O�icer

Vince Miconi – Chief Product ion O�icer

Lisa Paulus – Chief Financial O�icer

Nikki Smith – Chief Operat ions O�icer

Mike Powell – Chief Creat ive O�icer

Ariana Claire – Panel and Research Director

Scott Wolters – Chief Events O�icer

— REPRINTS —
reprints@bnpmedia.com

— LIST RENTAL —
Please contact  your sales representat ive.

 
For subscription information or service, 

 please contact Customer Service at: Phone: 1-800-952-6643
 Email: quality@omeda.com

— REGIONAL MARKETING —

Buck Bicek
 Midwest , New England, Mid-At lant ic, 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 
 Product ion Manager | nagelj@bnpmedia.com

Chris Sheehy 
 Audience Development  | sheehyc@bnpmedia.com

Erin Mygal 
 Directories |  mygale@bnpmedia.com

Editorial o�ices: 155 N. Pfingsten Rd., Suite 205, Deerfield, IL 60015
(248) 362-3700 | fax (847) 405-4100 | www.qualitymag.com

QUALITY MAGAZINE (ISSN: Digital 1937-4410) is published 12 t imes annually, monthly, by BNP Media II, L.L.C., 2401 W. Big Beaver Rd.,
Suite 700, Troy, MI 48084-3333. Telephone: (248) 362-3700, Fax: (248) 362-0317.

Copyright  2023, by BNP Media II, L.L.C. All rights reserved. The contents of this publicat ion may not  be reproduced in whole or in part
without  the consent  of the publisher. The publisher is not  responsible for product  claims and representat ions.

Change of  Email Address: Send an email to: quality@omeda.com

For subscription information or service, please contact Customer Service at: Phone: (800) 952-6643 Fax: (847) 763-9538.

Proud Members

JANUARY 2023  |  VOLUME 62  |  NUMBER 1

mailto:reprints@bnpmedia.com?Subject=
mailto:quality@omeda.com
mailto:bicekb@bnpmedia.com?Subject=undefined
mailto:grabern@bnpmedia.com?Subject=undefined
mailto:bicekb@bnpmedia.com?Subject=undefined
mailto:selandd@bnpmedia.com?Subject=undefined
mailto:bangertm@bnpmedia.com?Subject=undefined
mailto:hohnerj@bnpmedia.com?Subject=undefined
mailto:nagelj@bnpmedia.com?Subject=undefined
mailto:sheehyc@bnpmedia.com?Subject=
mailto:mygale@bnpmedia.com?Subject=
https://www.qualitymag.com/
https://www.qualitymag.com/
mailto:quality@omeda.com?Subject=
https://www.qualitymag.com/





