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FROM T HE EDITOR |  DARRYL SELAND

OR FIRING THE S ILVER BULLET?

From Every Theory in Moderation?

Many of you have probably recognized that I am a fan of the television show The West Wing. Some of you will
know the name and may have even watched the show, others will have no idea what I am talking about—partly,
I suspect, because it has been more than twenty years since the show s̓ debut and approaching twenty years
since its finale.

Even though time has passed, the show and its content can still be quite relevant. Take for instance an episode
in which the president has been approached by his economic advisors with some troubling economic
indicators. A discussion ensues amongst his advisors placing all of the analysis and opinion on diametrically
opposed ends of the spectrum as to how, and if, the president can respond.

His immediate response is to say, “Everybody's got a magic
lever they want you to push. I studied economics all my life
but in this job only a fool is ever certain. You don't push any
one lever; you wanna push a little on them all.”

“You wanna push a little
on them all.”

One of his senior-most o�icials has an epiphany, saying “From every theory in moderation,” harkening back to
an earlier conversation with his assistant about diets. You might be able to see the relevance when you
consider the news and discussion about our current economy and inflation, how to fight it and how hard.
Whether you are on the side of moderation, balance, or simply covering all the bases, or that we can put our
eggs in the most e�ective basket, pick a target and carpet bomb it, there is yet another cautionary tale to
consider—the movie, Pi (π). Again, a fictional tale—and quite a strange one—but the movie follows a
mathematician convinced the number, π, is the key to everything, from cornering the stock market to
understanding the entire universe and predicting what will happen in it. As you might be able to imagine, his
obsession drives him insane and ends with a homemade lobotomy. Like I said, a strange one.

However, there are real-life instances of looking for the silver bullet, the answer to everything. Physicists have
been searching for decades for the Grand Unified Theory, or Theory of Everything—“a hypothetical, singular,
all-encompassing, coherent theoretical framework of physics that fully explains and links together all physical
aspects of the universe”—which began with Albert Einstein s̓ attempts to “unify his general theory of relativity
with electromagnetism.”

In and around the coming of the new millennium, the financial sector started relying on “quants,”
mathematicians combining analysis and algorithms to define, or quantify, the activities of the stock markets,
looking for the key to predicting and “beating” the markets.

Particularly in the economy and the financial markets, at the root of the question—beyond the approach of
either moderation or singularity—are the “indicators,” and using them e�iciently and correctly. Same is true in
quality. As authors Yves Van Nolan and Grace Du�y write, “Some doubt the value of KPIs (key performance
indicators) as a tool for business or organization process management. The use of KPIs helps management
make correct decisions. However, the way KPIs are used by most organizations is far from perfect.”

Get help evaluating and improving KPI management in “(PM)2 –method” and everything else we have to o�er
in this month s̓ Quality.

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

Starrag USA installed its new LX021 turbine blade
machine into its Hebron, KY, development center to
bolster support of its aerospace and energy
customers. The application-based design of the
LX021 maximizes part rigidity with its spindle and
sub-spindle part clamping. The turret on the sub-
spindle allows multiple work holding strategies to be
used to fully machine blades in one setup.

The LX021 o�ers a comprehensive integrated solution that includes:

Self-centering vice that minimizes part distortion while maintaining accuracy and repeatability.

Kinematic correction cycles to calibrate the machine and verify its health over time.

Advanced RCS CAM so�ware designed specifically to generate optimized CNC tool paths.

RCS blade inspection precisely measures blades and compensates for forging variations to increase
first-time yield.

A 10-pallet storage system with a spindle-loaded part gripper to automate part set up for continuous
operation.

Starrag's full-solution strategy includes incorporating Blum-Novotest Inc. probing technology for precise in-
process part measuring, tool setting, and surface roughness verification.

The surface roughness gage is programmed with five-axis motion directly in the RCS CAM so�ware. Roughness
measurements can be made on surfaces as low as 16μin Ra. A�er in-processes measuring, the data is saved
ready for SPC quality monitoring.

Starrag is also partnering with HAIMER, a leading precision tool holding manufacturer, to include their heat
shrink holders and Power Clamp Special Addition heat shrink unit in the lab. Haimer's high-precision holders
feature:

Max runout of 3μm at 3XD

360° clamping contact

Precision balanced to G25@25000 RPM

Simple and repeatable tool assembly

The Power Clamp Special Addition heat shrink unit features a compact easy-to-use portable design that is
perfectly equipped for handling smaller diameter tools.

"Our long-term customer partnerships are very important to us," explains Udo Herbes, managing director of
Starrag. "Even a�er we deliver a solution, we continue to work with our customer so we can continue to
engineer precisely what they value."

For more information, visit www.starrag.com.

Starrag USA Unveils New
Turbine Blade Machining
Center in KY Lab

Authentise Acquires Elements to Deliver Data-
Driven Flexibility Across Manufacturing
Authentise announced the acquisition of all assets of Elements Technology
Platform, the provider of self-serve workflow tools for manufacturing. As part
of the transaction, Elementsʼ team will join Authentise.

The partnership enables discrete manufacturers everywhere to access
connected workflow management solutions used by the world s̓ leading
additive manufacturing companies to manage their lot-size 1 operations
e�iciently, flexibly, and transparently.

“Elements is the perfect addition to the Authentise portfolio,” says Andre
Wegner, CEO of Authentise. "Like Authentise, Elements have been laser
focused providing manufacturing operations with the flexibility they need in
the post-pandemic world with the e�iciency that data enables in the 21st
century.”

The combination of the two companies brings together a potent mix of tools
and technologies for workflow management, real time machine data insight,
AI, RFID technologies and more, on a proven, open, data driven platform for
the manufacturing supply chain.

Wegner goes on to add “Elements provides customers with a unique self-serve
tool for all types of manufacturing operations, to quickly create, capture and
access repeatable shop floor processes. Delivering intelligent production
planning & scheduling, and real time views of production customers can track
orders, like theyʼre paying for co�ee. These exciting services will become a key
part of the combined Authentise portfolio.”

Even before the acquisition, Authentise was able to deliver significant
e�iciency savings, reducing order management times by 80 percent and
manufacturing preparation times reduced by more than 95 percent at Boeing
Additive Manufacturing.

Wegner continues, “Our goal, together, is to bring flexibility and
responsiveness benefits like these, typically associated with additive
manufacturing, to a broader manufacturing audience. With our diverse
experiences we believe we will be able to rapidly accelerate towards our joint
mission of delivering end-to-end transparency, reliability, and e�iciency to
manufacturing operations using data. Weʼre delighted to welcome the
Elements team and customers on board.”

Joe Handsaker, CEO of Elements Technology, highlighted the untouched
opportunities that both companies can tap together: “The real story of
Industry 4.0 has yet to be written. The last 20 years have been wasted focusing
on predictive maintenance and analytics, which have yielded very little return
on investment. It s̓ time to refocus on what s̓ core to manufacturing: the
worker. Supporting them with data and modern tools gives us more context in
manufacturing and allows us to drive better quality, insight, and completely
new business models. If nothing else, the pandemic has shown that a radical
rethink of the way things are made and delivered is necessary. Weʼre delighted
to have found a partner that understands that and are excited to build a better
future, together.”

Verisurf Software Names Merrell Executive
Vice President
Verisurf So�ware Inc. announced Nick Merrell to serve as executive vice
president, e�ective immediately. Nick will continue to lead the technical
support team, as he has since joining Verisurf in 2015, with added
responsibilities that include driving corporate vision and managing continuous
improvement of Verisurf processes, products, and people.

“As our technical operations manager for the past six years, Nick has
demonstrated extraordinary leadership, management, organization, and
communication skills. He is technically savvy and knows our so�ware, the
manufacturing markets we serve, and industrial processes and requirements
extremely well,” said Ernie Husted, president and CEO of Verisurf So�ware Inc.

Verisurf So�ware continues the advancement of its measurement solutions
and services based heavily on direct interaction and feedback from its users.
This approach has served Verisurf well for more than 25 years and continues to
influence strategy and key management decisions today. “Nick has
championed this ʻcustomer firstʼ commitment repeatedly, e�ectively working
with all columns of Verisurf s̓ operations and departments. We look forward to
his continuing contributions to the organization and our customers,” added
Husted.

For more information, visit www.verisurf.com.

NAM’s Manufacturing Leadership Council Announces New Chair,
Vice Chair for the MLC’s Board of Governors
The Manufacturing Leadership Council, a division of the National Association of Manufacturers, announces
the election of Michael D. Packer, former director of production strategy at Lockheed Martin Aeronautics, as
the new chair of the MLC s̓ Board of Governors. Previously serving as the MLC Board s̓ vice chair, Packer
succeeds John Fleming, former executive vice president of global manufacturing and labor a�airs at Ford
Motor Company, who is stepping down from the MLC Board.

Daniel Dwight, president and CEO of Cooley Group, was also elected as the MLC Board s̓ new vice chair. Both
roles are e�ective from Jan. 1, 2022.

The MLC s̓ Board of Governors acts as an advisory body providing guidance to the MLC on its “critical issues”
agenda, research studies and programs and services for the MLC s̓ more than 3,000 members. The MLC Board
now consists of 16 industry thought leaders who represent the full ecosystem of the manufacturing industry,
including large global enterprises, small and medium-sized manufacturers, leading academic institutions and
influential industry analysts.

“I am honored to serve as MLC chair and help drive the MLC s̓ critical mission to accelerate digital
transformation across the manufacturing industry,” said Packer. “I look forward to working together with the
MLC team and my fellow board members to expand the MLC s̓ growth in numbers, diversity and impact and
help support both MLC and NAM members as they embrace new digital opportunities for the future.”

“As a longtime MLC member and supporter of the Board of Governorsʼ mission, I am thrilled to extend my MLC
role to vice chair,” added Dwight. “Along with supporting the new chair, I am particularly motivated to build
greater diversity in the MLC/NAM membership and to give new voices the opportunity to share their
experiences in the industry.”

The MLC would like to congratulate them both on their new board positions and to thank former Chair John
Fleming for all his insights, guidance and wisdom over the past three years.

For more information, visit www.manufacturingleadershipcouncil.com.

Manufacturing Leaders Welcome White House STEM Policy Push
National Association of Manufacturers President and CEO Jay Timmons and Manufacturing Institute
President Carolyn Lee released the following statement on the administration s̓ announcements on
semiconductor production and new policy e�orts to attract STEM talent to the United States:

“The supply chain and economic disruptions facing American families and the manufacturing industry are
driven in part by the severe worker shortage and by the serious chip shortage. Today, the White House has
announced promising developments on both fronts, and we will work with the administration and Congress to
build on this progress even further,” said Timmons. “To ramp up domestic semiconductor production, we canʼt
stop at today s̓ action, though. Too many manufacturing sectors have been unable to deliver the products
American families need because they lack key components. Manufacturers are working overtime to overcome
this challenge, but Congress has to do its part, which means passing USICA. Doing so will not only shore up our
recovery and ease supply chain strains but also strengthen our economy and national security.

“These immigration policies will also undoubtedly sharpen America s̓ competitive edge and help us outpace
and out-innovate the rest of the world. In far too many cases, weʼve seen brilliant minds educated at American
universities leave because our outdated immigration system doesnʼt let them put their talents to work for
America s̓ future. Now we can start to reverse that trend, among other key policy changes. As part of ʻA Way
Forward,̓  our plan for comprehensive immigration reform, we have long called for immigration policies that
are responsive to clear economic needs. These policies meet that test, meaning that they will benefit our
workers, our communities and our industry, empowering us to create even more opportunities for the
American people.”

“Manufacturers are leading America s̓ recovery, but we still need to hire more than 800,000 workers right now,”
said Lee. “And according to the MI s̓ research with Deloitte, we will have four million jobs to fill by the end of the
decade, 2.1 million of which could go unfilled if current trends continue. That sustained need is why the NAM
and the MI launched our nationwide Creators Wanted workforce campaign. It s̓ why we have long focused on
programs and policies of all types that will grow the pool of STEM talent in America. We have to come at this
crisis from every angle, and the MI and the entire industry will continue using every tool at our disposal to
inspire, educate and empower the next generation of creators.”

“All in all, it s̓ a day of positive developments for manufacturing in America,” added Timmons.

For more information, visit www.nam.org or www.themanufacturinginstitute.org.

NAM Announces New Board Leadership
The National Association of Manufacturers announced the Executive Committee of its Board of Directors has
elected Dow Inc. Chairman and CEO Jim Fitterling as board chair and appointed Johnson & Johnson Executive
Vice President and Chief Global Supply Chain O�icer Kathy Wengel as vice chair.

With the industry on the front lines of an ongoing pandemic, supply chain disruptions, a persistent worker
shortage and critical policy debates, these manufacturing leaders will take charge at a particularly
consequential time.  

“Jim and Kathy have well-earned reputations as respected and visionary leaders of renowned global brands.
We have many challenges to confront, and they will ensure our industry continues to lead our recovery and
leverage new innovations to raise standards of living in America and around the world,” said NAM President
and CEO Jay Timmons. “And no matter what comes our way, our association and industry remain steadfastly
committed to policies that uphold the values that make America exceptional: free enterprise, competitiveness,
individual liberty and equal opportunity.”

“Manufacturing is vital to the long-term sustainability and prosperity of our citizens and our economy and
continues to play an increasing role in solving some of the greatest challenges facing society,” said Fitterling.
“It is a privilege to represent such a critical sector as board chair of the NAM, which is committed to continually
advancing our collaboration across business, government, academia and all stakeholders for the betterment
of all people and our planet.”

“The NAM is widely respected for its unique ability to convene key stakeholders and address important
challenges across the manufacturing industry,” said Wengel. “Now more than ever, market dynamics and the
acceleration of the Fourth Industrial Revolution are providing important opportunities to advance policies
that foster growth, promote sustainable manufacturing and ensure readiness and diversity of the workforce
of the future. I look forward to continuing to work with fellow members and the incredible sta� that make up
this organization to confront the challenges of today, while addressing our industry s̓ needs for tomorrow.”

The NAM Board of Directors guides the association s̓ leadership in policy advocacy, workforce solutions, legal
action, operational excellence and news and insights. More than 200 manufacturing leaders serve on the NAM
Board, helping the industry advance an agenda that promotes growth and prosperity for all Americans.

The new board chair was elected at the December meeting of the Executive Committee of the NAM Board.
Additionally, the NAM announced significant promotions for key sta� members e�ective Jan. 1, 2022.

For more information, visit www.nam.org.

Radiant Celebrates 30 Years in Imaging Metrology
Radiant Vision Systems announces its 30th anniversary as a provider of optical test and measurement
solutions for displays and light sources. In celebration of this milestone, Radiant looks back on three decades
of innovation by showcasing its founders, timeline, and employee stories on a dedicated page of its website.
Throughout the year, Radiant will continue to add photos and stories to this page in an ongoing
commemoration of its corporate history from 1992 to 2022.

Founded in 1992 in California as Radiant Imaging, Inc., Radiant was the realization of Ron Rykowski and Steve
Wilson s̓ endeavor to invent faster and more capable light measurement solutions to improve the visual
performance of light-emitting devices (light sources, projectors, and displays). Having a background in optical
instruments, these two engineers began by developing their own ray-tracing so�ware and o�ering light source
characterization services to manufacturers who needed more comprehensive and e�icient data for light
source modeling. Early on, the team realized that existing methods for photometric measurement—spot
meters, which measure light at specific points across a light source distribution—were falling short of quality
goals and missing defects between measurement points. The team reasoned that by applying cameras for
imaging, they could capture and measure photometric values for the complete area of a distribution as well as
detect any visible defects.

“Taming a CCD camera to give us useful, calibrated data was quite a task,” recalls Radiant co-founder Steve
Wilson, “but we accomplished the job. Now we had a tool to give us feedback for optical system design. So,
ProMetric® was born. ”

Radiant s̓ ProMetric line of cameras began as a component of the solution that Rykowski and Wilson developed
to provide light source measurement services. As customers recognized these camerasʼ e�iciency for lab
measurement and on-site display calibration, Radiant began manufacturing and selling ProMetric cameras
directly. The company has continued to optimize photometric imaging systems to supply faster, higher-
resolution, and higher-performance vision inspection solutions to capture photometric data for light source
and display measurement—and extend this capability to surface and appearance inspection. Today, Radiant s̓
ProMetric Imaging Colorimeters and Photometers are applied in labs and production lines worldwide, testing
millions of devices each year in consumer electronics, automotive, aerospace, medical, and other industries.

“Radiant continues to build on the foundation that Ron and Steve established,” states Doug Kreysar, current
CEO of Radiant Vision Systems, “—develop faster and more capable solutions for light and color measurement.
Imaging remains at the center of this development, where our ProMetric imaging systems enable customers to
capture highly accurate photometric data at speeds much faster alternative systems. By applying photometric
imaging in automated visual inspection systems, Radiant has enabled manufacturers to reach quality and
throughput goals that were impossible 30 years ago. This has directly contributed to market growth in several
industries and has made new technologies like OLED, microLED, and others viable for commercial products.”

“However, Radiant s̓ legacy is more than just our technology development,” Kreysar continues. “Since the very
first projects that Ron and Steve took on in the early 1980s, I believe the most important thing weʼve carried
forward is a spirit of innovation. We are always looking ahead for the next challenge to solve. We look at our
customersʼ design and manufacturing challenges as an opportunity to make something better, and we drive
development around each challenge. This yields unique so�ware and optical solutions that have diversified
our portfolio and allow us to meet more specific needs. Iʼm proud to say that a hallmark of Radiant s̓ legacy has
been how passionate we are about what we do.”

Over 30 years, Radiant Vision Systems has grown from a team of two engineers in 1992 to over 200 employees
worldwide today. Radiant has direct o�ices in the U.S. (headquarters: Redmond, WA; Cupertino, CA; Novi, MI),
China (Shanghai, Shenzhen, Suzhou), South Korea (Seongnam), and Vietnam (Haiphong). Acquired by Konica
Minolta in 2015, Radiant operates within the Konica Minolta Sensing Business Unit of companies, many of
which sell and support Radiant products in other areas of the globe. Radiant s̓ history includes the first
application of imaging for photometric measurement, the invention of the Radiant Source Model™ (RSM) file
format, and the Source Imaging Goniometer® (SIG) for angular characterization of light output for light source
modeling and design.

For more on Radiant s̓ 30-year history, visit www.radiantvisionsystems.com/radiant-celebrates-30-years-
innovation.

Bell to Chair NAM’s Council of Manufacturing Associations
The National Association of Manufacturers announced new 2022 leadership for its Council of Manufacturing
Associations at the CMA 2022 Winter Leadership Conference. Philip Bell, president of the Steel Manufacturers
Association, will serve as chair, and Melissa Hockstad, president and CEO of the American Cleaning Institute,
will serve as vice chair. Made up of 260 industry-specific manufacturing associations representing 130,000
companies worldwide, the CMA creates powerful partnerships across the industry and ensures manufacturers
have the strongest possible voice.

“Steelmakers and manufacturers are a force for good in the world. We support innovation, e�iciency and
sustainability. We help our employees build their lives, our customers build their businesses and the
communities where we operate build their futures,” said Bell. “During this very dynamic time in our country, I
am honored to articulate the important role manufacturing plays in America s̓ economic success and national
security.

“Americans are counting on manufacturers to lead our economic recovery, deliver promising career
opportunities and solve our global health crises, and the collaboration made possible through the CMA
empowers our entire industry to rise to the challenge,” said NAM President and CEO Jay Timmons. “Philip and
Melissa are trusted and tested leaders who will continue to cultivate the collaborative, cooperative spirit that
has made the CMA such a consequential organization for our industry and country. I look forward to working
with them to advance policies and plans that uphold the values that have made America exceptional and keep
manufacturing strong: free enterprise, competitiveness, individual liberty and equal opportunity.”

The CMA s̓ mission is focused on bolstering the industry s̓ nationwide grassroots mobilization e�orts and
improving the competitiveness of manufacturers in the United States. CMA members work with the NAM to
unite the manufacturing association community, and ultimately the broader business community, around
strategies for increased manufacturing job creation, investment and innovation in America.

Bell is a 25-year industry veteran. Prior to leading the SMA, Bell served as director of external communications
and public a�airs for Gerdau Long Steel North America based in Tampa, FL. Bell previously served as CMA vice
chair.

Newly appointed 2022 CMA board members include the following:

Alison Bodor, president and CEO, American Frozen Food Institute

Nicole Harris, president and CEO, National Glass Association

David Lo�us, president and CEO, Electronic Components Industry Association

For more information, visit www.nam.org.
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FACE OF QUALIT Y |  JIM L. SMITH

HISTORY REVEALS THAT MODERNIZATION CREATES MORE JOBS THAN
IT ELIMINATES.

Transformation

There is a lot of attention given to the growth of automation, specifically to robotics and artificial intelligence
(AI), and its potential impact on the economy and the work force, current and future.

From my view, no one has a crystal ball, but one thing is for sure. Once the genie is out of the bottle, it wonʼt go
back in. Innovation has put us on the path to significant change more than at previous times, and there s̓ no
going back! Society will have to find ways to deal with what s̓ coming.

Before exploring the inevitable, an overview of history might be helpful. A�er all, history can predict the
future. Mark Twain said, “History doesnʼt repeat itself, but it does rhyme.”

Automation isnʼt new. The first industrial revolution started early in the 18th century in Britain, but over a few
short years spread around the globe. The first wave of the industrial revolution shi�ed to large factories with
mechanization, which led to mass production.

Certainly, the industrial revolution era brought about many changes –
some good and some not so good. It required radical adjustment by
government, business, and the workforce but it didnʼt happen
overnight. With the advent of mechanization, it would take more than
another generation to solve some of these issues.

About a third of the
jobs in the U.S. today

didn’t exist three
decades ago.

Eventually, however, most of the problems were completely resolved or greatly improved. The industrial
revolution was the springboard that led to most of what society enjoys today.

The negative outcomes were brutal, however. Factory work was characterized by long hours, stress, injuries,
and a host of other issues, but for the most part, these shortcomings were addressed over time.  

Most of what we use and enjoy in our daily lives today can be attributed to the era of manufacturing. It opened
the door for greatly improved economies that enhanced society and resulted in better lives for the working
class of industrialized countries.

During this era, there were concerns about employment, work hours, and wages. What happened to the
workforce? Did workers become extinct? Did workersʼ financial situation decline? Were living conditions
adversely a�ected?

The massive job loss didnʼt happen as feared. Productivity dramatically improved, and the number of jobs
increased exponentially. Although some jobs and tasks were replaced by mechanization, far more jobs were
created and many at higher wages! Because of higher wages, living conditions and education greatly improved.

What can we expect from this new wave of change, referred to as the fourth wave of industrial revolution, and
led by the expansion of AI? Will the sky fall, or can we expect the same outcome as the first three waves? The
story is still being written.

At the time the first wave of industrial revolution hit America, about half of the U.S. workforce was dedicated
to agriculture. However, with the advent of tractors, combines, etc., a great percentage of those jobs went
away! Did the economy or the overall workforce dwindle as well?  

As agricultural employment dropped o�, jobs in other sectors grew significantly. Displaced farm workers had to
relocate to take other employment and learn new skills. Di�erent work at mostly higher wages created a new
and expanding middle class. (Sadly, some workers were unable, or unwilling, to make the transition, but that s̓
another story.)

Now that weʼre moving quickly into the fourth wave of industrial revolution, what can we expect?

Experts disagree. As before, expect to have short-term labor displacement caused by some jobs going away.
Di�erent skills will be needed to fill new jobs, many of which are not even known at this time. (About a third of
the jobs in the U.S. today didnʼt exist three decades ago.)

If history is any barometer, wages will increase, causing a better standard of living for many workers, their
families, and society.

One thing is for sure, progress isnʼt going to stop. Heraclitus, the Greek philosopher living in 500 B.C., is
reported to have said, “There is nothing permanent, except change” so weʼre going to have to find some way to
come to grips with what is on the horizon.

Just like during the previous industrial revolutions, it will take everyone working together to make the
transition. Government and business must focus on providing the right skills and training for the current
workforce to ensure a continuation of the positive impact of robotics (AI) on employment, job quality and
wages for both the immediate and future workers.

Workers must be willing to accept that another major change is looming. It s̓ inevitable, the genie is already out
of the bottle. Maya Angelou, the renowned American poet, said, “If you donʼt like something, change it. If  you
canʼt change it, change your attitude.” If history tells us anything, this change wonʼt spell doom and gloom for
the workforce as some predict. The major shi� in automation and AI will mean a transformation of significant
proportion but it will be the launch pad for bigger and better tomorrows.

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.
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SPEAKING OF QUALIT Y  |   HEATHER WILSON
 

MODERN SOFTWARE APPLICATIONS ARE CAPABLE OF NUMEROUS
CUSTOMIZATIONS, WHICH PRESENT A UNIQUE SET OF CHALLENGES.

Quality Approaches to
Software Management

It s̓ di�icult to find a business or industry that isnʼt driven by so�ware applications. From phones and laptops to
manufacturing systems to validated applications for regulated industries, so�ware drives many of our
business processes. Following deployment, the onus for overseeing and maintaining so�ware frequently falls
upon the customer. Given the need to be able to modify the system to meet evolving demands and updated
business processes, a quality management infrastructure is essential for maintaining the so�ware application.

Modern so�ware applications are highly configurable and capable of numerous customizations, which present
a unique set of challenges. Specifically, customers responsible for maintaining the so�ware, or elements of
so�ware applications, must do so deliberately and with control. This includes having quality processes for
ongoing maintenance e�orts, robust configuration management and change control, risk-based decision-
making, and a documentation infrastructure for executing changes in a reliable and prescriptive manner.

To carry out the quality management activities related to so�ware maintenance, it is advisable to establish
dedicated resources in the form of a technical team and a business process owner (BPO). The technical team
can be an individual or a small group consisting of power users or administrators – people who function as
subject matter experts and are intimately familiar with system operation. In addition to maintaining the
system, the technical team provides system-level documentation. Minimally, this should be an administrative
guide describing how user accounts are provisioned and how security and access are managed.

The BPO is one who understands system processes and provides a big-picture perspective when considering
modifications. The BPO assists in setting new or revised so�ware requirements in support of configuration
management. System modifications involve gathering requirements, which are then passed on to the technical
team to assess for viability. Close communication between the technical team and BPO is essential, beginning
with documenting requested system changes, evaluation, assessing system and user risks, and ultimately
creating an implementation plan for approved requirements.

“Through careful and dedicated e�ort, customers can
reap the full bene�t of their software acquisitions”

Customers must be prepared to address modifications to the system and technical documentation from go-
live. The importance of a robust change control process cannot be overstated. These packets of information
show the evolution of the so�ware application and supporting documentation, and demonstrate changes are
taking place in a controlled and justified manner. Does every change to the system need to be documented to
the same degree? The answer largely depends on business practices and risk to the system. Routine changes or
those not impacting system functionality can be documented in the administrator s̓ guide as not requiring a
change control. The technical team, BPO and QA can consult on those approved for omission from change
controls and a comprehensive list documented to justify their exclusion.

Besides basic information identifying the change control (i.e., number, title, description), include detailed
information identifying the impact, the implementation plan, a thorough risk assessment explaining impact
mitigation and provide an area to summarize the execution results.

Risk can be assessed multiple ways; be it by following a company s̓ risk management process, industry best
practices or through tools such as a Failure Modes and E�ects Analysis (FMEA). The level of assessed risk drives
the extent of testing, objective evidence and supporting documentation. Verification of low-risk changes may
be satisfied by a second party with appropriate access and expertise confirming the change; high-risk changes
may require verification through user acceptance testing (UAT) where QA and the BPO approve executed UATs.

Depending on change scope and associated risk, additional documentation may be warranted such as a
dedicated protocol document, migration plan or test plan. When such materials are generated, write a
summary report to document the results of the change e�ort. In all cases, define the process being followed in
system-level documentation or change management procedures.

ASQ s̓ So�ware Division provides an excellent resource for discussing best practices and meeting with industry
peers to gain knowledge and insight. So�ware owners may also consider the ASQ CSQE certification to gain
additional depth of knowledge into so�ware development lifecycles, testing and management.

In summary, customers are responsible for protecting their investment in so�ware applications,
demonstrating through quality processes that oversight is in place and changes are executed in a state of
control. Regulations, industry guidance and best practices should all be considered when formulating
business processes. Through careful and dedicated e�ort, customers can reap the full benefit of their so�ware
acquisitions and be prepared to demonstrate the depth of their so�ware quality program.

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

Heather Wilson is a QA professional and computerized system validation engineer with 25 years of quality
experience in the pharmaceutical, biotech and IT industries. She holds an ASQ CSQE and is the chair-elect in
ASQ’s Software Division.

MARCH 2022  |  VOLUME 61  |  NUMBER 3

https://www.qualitymag.com/


https://www.imts.com/show.html?utm_source=qualitymag


QUALIT Y 101

AS YOUR MANUFACTURING PROCESSES CHANGE OVER TIME, YOU NEED YOUR
QUALITY PROGRAM TO KEEP UP.  By ZEISS Industrial Quality Solutions

 

5 Things To Consider When Evaluating

Shop-floor CMMs

Coordinate measuring machines (CMMs) are one of the most e�icient methods of measuring and capturing
dimensional data. Shop-floor CMMs deliver even more e�icient dimensional data through their integration with
manufacturing.

But how do you select the right shop-floor CMM for your production line? Making an informed decision means
understanding application needs, what solutions can meet your needs and how to “future proof ” your
selection. Focus on these five critical areas to find the best shop-floor CMM for your facility.

1. Does It Have The Capability To Maximize Your Productivity?
Shop floors can rarely maintain a constant 68 F temperature, which a�ects measurement results. As well,
machine tools fill the air with oil, dust and debris that can clog holes in air bearings, which eventually cause
CMMs to stop working.  

Shop-floor CMMs must have:

Hardware designed for and rated to survive manufacturing environments.

Sensors and stylus systems that meet your applications needs and can be changed quickly.

So�ware that enables measurement programming that keeps pace with your manufacturing
processes.

Technical service that goes beyond installation to prevent downtime and create process e�iciencies.

Future proofing to ensure your solution meets your needs today and tomorrow.

2. Can It Turn Your Shop Into A “Connected Factory?”
Shop-floor CMMs need to seamlessly connect to automation equipment and other components of your
manufacturing processes. This is o�en achieved through factory automation control so�ware. Users can
program the interface to drive automation equipment to do what is needed.

One example is with electric discharge machining (EDM) machines. The first method has the shop-floor CMM
performing measurements while the EDM machine continues to mill parts. The second method connects the
shop-floor CMM to a job manager so�ware from several major EDM integrators so that the shop-floor CMM is
communicating to several machines in an EDM manufacturing cell or plant. The second method connects the
shop-floor CMM to a job manager so�ware from several major EDM integrators so that the shop-floor CMM is
communicating to several machines in an EDM manufacturing cell or plant.

3. Does It Meet Your Application Needs?
Three facets are critical when evaluating a shop-floor CMM.

So�ware: Operators need specialized so�ware to develop a measurement program that looks at specific
dimensions and characteristics of the product you want measured. It is important for this so�ware to be easy
to use and user-independent.

Technical Service: You want vendors that can support you and supply you with technical service a�er the
equipment purchase. The ability to access CMMs remotely has become a key aspect of the manufacturing
world to maximize uptime.

Hardware: Your choice of hardware should depend on a CMM s̓ compatibility with third-party automation
hardware. CMMs can increase productivity when they are part of a robotic cell with the machine tool itself or
simply by having the right accessories and capabilities for your processes.

4. Does It Integrate Easily Into Your Common Manufacturing Processes?
There are quality gates in every manufacturing process. Shop-floor CMMs can be inserted to ensure that
processes are repeatable and give the results you need.

For example, the typical manufacturing process for small gears made of cast iron, steel or harder materials has
three quality gates:

Gate #1 between the rough cut of the gear blank and cutting of the gear teeth — rough dimensions (outside
diameter, thickness, center hole diameter)

Gate #2 between cutting the gear teeth and grinding — tooth profile and dimensions

Gate #3 between finishing and shipping the gears to customer — fine dimensions (gear teeth, outside diameter,
center hole diameter)

Manufacturers with quality gates in place across their manufacturing processes reduce the possibility of
product recalls or delivering poorly made products to customers.

5. Is It “Future-Proof?”
As your manufacturing processes change over time, you need your quality program to keep up. There are three
main considerations.

Hardware: Systems should be able to operate in up to 40 C and have plug-and-play sensors that can be
switched out, replaced and upgraded. You should also pick CMMs that have common controller hardware
across all models.

So�ware: Common measurement so�ware in all models ensures youʼre not wasting money learning di�erent
programming languages. Common so�ware enables data sharing between machine tool o�sets and machine
tools. You also want systems with the ability to download so�ware updates and patches from a portal.

Technical Service: You need access to your machinesʼ data through dashboards and real-time monitoring of
performance and room environment. This improves the long-term health of equipment through predictive
maintenance recommendations. Systems that are supplemented by remote technical service and support
guarantee your quality program is future-proofed.

All Images Source: ZEISS Industrial Quality Solutions

ZEISS Industrial Quality Solutions. For more information, email info.metrology@zeiss.com or
visit zeiss.com/metrology.
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It is Never Too Late to Teach an
Old Custom Gage New Tricks

MEASUREMENT

THERE ARE MYRIAD WAYS TO BREATHE NEW LIFE INTO EXISTING GAGES
WITHOUT THE NEED TO INVEST IN NEW GAGING.  By George Schuetz

Custom gages have been in use since the first mass produced parts came out of the industrial revolution. This
is because standard o�-the-shelf gages may not always be the best choice for a given measurement for several
reasons: they do not ensure the proper location for the check; there may be a need to make multiple checks to
improve productivity; a design is needed to help eliminate operator influence; or even a complete automated
gaging station is designed for lights out operation. Whatever the gaging requirement, custom gaging has been
used to increase productivity at the point of manufacture for decades.

Something that has always been striking to me about custom gage design is that what is new is what is old.
When it comes to custom gage design, the basic principles of metrology are the basis for a successful gage. Not
much has changed in the decades since the successful “classic” standard bench ID/OD gages, snap or even air
gages were introduced.

These gage designs are following the laws of physics and metrology. A good custom gage design employs
features such as mass for stability, rigidity for repeatability, part staging to eliminate operator influence and
consideration for specific part characteristics that need to be measured. These gage design features have been
employed, and many of the custom gages that have been used at the point of manufacture are still good and
continue to inspect parts day in and day out.

But what is changing is the hunger for gaging data and information. Digitization has changed our world and
modern technology continues to shape the manufacturing industry. The vision of Industry 4.0 illustrates that
production systems and machines are required to communicate and adapt continuously based on the
information being gathered. That means production gaging must be able to communicate by sharing
information and in response, provide the user with information about the process.

All types of gaging—hand tools, portable surface systems, and complex metrology systems—went digital long
ago. Many of today s̓ digital tools can perform complex measuring tasks and share data much faster than just a
decade ago. This goes along with the custom gages that have been in place for years. Because of their good
gage design, they meet the tough gaging requirements for shop floor use; however, many of them do not speak
the language of Industry 4.0 in terms of being able to communicate and share information to meet new
demands.

Today, there are myriad ways to breathe new life into existing gages without the need to invest in new gaging.
Users are familiar with the gages they have. They may be under quality control cycles, are easy to use, provide
good results, and have proven themselves over time.

The proliferation of personal computers and the fact that almost everyone is comfortable using them has
made the PC available in nearly every manufacturing, assembly, and quality area. PCs are rarely necessities for
standard dimensional measurements, although practically any application can be enhanced using PC-based
gaging so�ware. The use of “gaging computers” when combined with a proven custom gaging solution o�ers
greater potential benefits and the barriers to entry are lower than ever.

Gaging computer systems are now handling many individual gaging points by integrating di�erent gage
interface types into one base computer. Instead of having a number of standalone air gages and LVDT style
bench amplifiers, the gaging computer has the interfaces available to configure all these input types. This is
where less becomes more for the gaging process. The computer provides the visual indication for the operator
to look at, and the individual displays to watch the changing tolerance colors and the data being acquired. And
because the gaging computer can be networked to communicate with other systems, data and measurement
results flow seamlessly within the modern factory. The gaging computer has become the display, data
collection device, results classifier, and overall guide to the measuring process while information is being
shared transparently in the background.

Automating the gaging process is another benefit for both the operator and process engineer. For complex
measuring functions—for example, measuring 20 features on an engine block a�er an intricate machining
operation—the gaging computer will provide a “guided sequence” that leads the operator through the gaging
routine. The routine can instruct the operator on what gage to use, where to place it, as well as provide an
indication of the results and steps to take if the results are not as expected. All the time, in the background, the
results of the measurements are being stored for continuous review and analysis of the process anywhere in
the world.

Standard Modules

PC Based Gaging

More results and data to use

A Case In Point – Teaching Existing Gaging A New Language
A large manufacturer has a target to reach Industry 4.0 because there is a need for more part data for
numerous reasons, including to document quality, control the process, and predict and prevent problems.
There are dozens of gaging stations with users inspecting parts on standard or custom gage fixtures. Each
station may have a series of gages, air or mechanical, and o�en with di�erent display systems of various
vintages by distinct manufacturers. The custom gages are producing the same good reliable measurements as
they have for years.

However, each station is an island operating on its own with, at best, rudimentary one-way data collection (if
any at all). Simultaneously, at most workstations in today s̓ manufacturing environments there is an operator
using a networked PC to track the process part movement between operations, log in at the start of the shi� or
check emails throughout the day.

This is the place where new life can be added to existing custom gage solutions!

The first step is to keep the proven gage but update the old electronics or air/electric bench amplifiers to new,
small interface modules compatible with a USB interface to a PC. These modules are flexible in configuration
and available for many types of transducer/sensor signals. There are also modules that allow for input/output
signals to control semi-automatic or fully automated gage operation.

A so�ware solution is used on the workstation s̓ PC to connect all the gaging probes/inputs to create a virtual
replacement for the now obsolete standalone bench amplifier. The gaging so�ware allows for all basic gaging
operations that one would have seen on the amplifier, such as displaying the measured value, part
classification, actual part size readout, dynamic capabilities and more.

In addition to the standalone features of a bench amplifier, the gaging so�ware can provide more signal
sharing capabilities including complex formulas using the input signals, making measurements in a guided
sequence format and visually classifying the total part results for proper handling of the part.

Additionally, because it is so�ware running on a PC, the results provide more features including the ability to
create, store, and reuse part measuring routines; save and transfer data either locally on the PC or in a file
anywhere the PC is networked; simulate simple PLC commands with control of measurement functions
through I/O commands; and more.

PC-based gaging so�ware has also become more powerful over the decades, enabling easier interfaces for
setup and use and customized result displays, in virtually any gaging requirement. The so�ware makes it
possible to set up complex gaging routines in a matter of minutes, and it becomes economical to teach an
existing custom gage to speak the language of productivity and networking.

As with most things in life though, one generic gaging so�ware package may not be able to fulfill every
customer need. It becomes straightforward to update the custom gage but there may be legacy data collection
so�ware in use that requires a special dialect of data transfer. Or the customer may have special requirements
for obtaining data from non-gaging instruments. There may even be requirements for unique ways of creating
and loading programs or documentation features.

This is where the customization of so�ware enhances custom gaging. As noted, standard gages may not be
able to perform the functions required for the application, so a custom gage is needed. The same is true with
gaging so�ware. Ninety percent or more of gaging so�ware routines will meet customer needs but
customization is sometimes required for total acceptance and integration into a specific environment. This can
be accomplished with gaging so�ware that allows users to write their own custom programming routines to
format and place the data where it is needed.

Standard off the shelf gaging
programs fill most applications. But
should customized fields or operations
be required, it's relatively easy to
customize applications to legacy
needs.

Getting The Right Data
In the modern data collection environment, just getting the measured value from the gage isnʼt enough.
O�entimes, additional information needs to be collected and the system must make it easy to do this.
Information such as the serial number or production date code from the part, identifier of the machine used to
complete the last operation, operator name, etc. are all required to ensure the user knows which data sets a
measurement belongs to. This information can be collected as simply as o�ering the operator the chance to
input it at the computer while making the measurement, or as sophisticated as scanning data matrix codes on
the parts, bar codes on documentation traveling with the parts, or the ID badge of the operator.

Furthermore, information documenting the unique identifier of the measurement device must be collected.
This is required for traceability and documentation that the gage used was in calibration at the time, or in the
future if something damages that gage, the parts that were measured with it can be determined as well as the
potential risk to the quality of the data.

Finally, this data must be provided to the “brains” of the operation in a way that makes it useable. In simpler
systems, this might involve simply making sure the format is right for SPC, but in true Industry 4.0 systems, the
data associated with the measurement typically needs to go to a central repository such as an SQL or Access
database or directly to an ERP system. Modern gaging so�ware systems allow the programming and
configuration of this to ensure the data gets to the right place, in the right format needed to drive business
decisions, and is complete to allow maximum e�ectiveness in its use.

Powerful but easy to use gaging software provides an economical way to update older and obsolete dedicated gaging
stations.

Conclusion
Custom gage solutions have been and will continue to be employed in the manufacturing environment. The
custom gages that have been in place and successful for years may not need to be replaced but rather have
new life breathed into them. Utilizing today s̓ modular gaging systems with PC-based gaging so�ware is a very
economical way to replace and update dedicated gaging stations that are obsolete and expensive.

The ability to have easily customizable gaging so�ware that works within existing processes can make this task
simpler. Gaging so�ware does not have to be created specifically for existing applications. Using standard
gaging so�ware tools while having the ability to add simple user-generated custom routines can provide the
same reliable measurements while speaking an organization s̓ Industry 4.0 language.

All Images Source: Mahr

George Schuetz is the director of precision gages at Mahr Inc. For more information, call (401) 784-3392,
email Marketing.pvd@mahr.com or visit www.mahr.com/en-us.
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Aerospace Companies Flying High With

3D Laser Trackers

T EST  & INSPECT ION

PORTABLE METROLOGY TOOLS LIKE 3D LASER TRACKERS ARE EFFICIENT
SOLUTIONS THAT CAN BE IMPLEMENTED INTO AEROSPACE WORKFLOWS.
By Leo Martinez

In aerospace — whether that s̓ space travel, turboprop or jet manufacturing — a defect, mismeasurement, or
slight error can be the di�erence between a successful launch and mission failure. It s̓ because of this that
aerospace companies have the most stringent requirements for quality and dimensional accuracy.

Manufacturing aerospace parts that have such a high quality requirement is extremely challenging. With
traditional post-machining inspections, many of these parts may have to be completely scrapped or reworked.
This scrap and rework can lead to wasted material, production line halts, and supply chain issues for both the
OEM and connected suppliers. In the end, this will lead to increased cost and delayed programs, results that
are unacceptable for any market leader.

One way to greatly relieve these issues is to use portable metrology equipment such as laser trackers, CMM
arms, and 3D metrology so�ware. The equipment can be used to quickly inspect first articles, check pre-
machined dimensions, and position the rough part to help ensure the machining will run smoothly —
preventing the waste of material, energy and time.

Many aerospace parts are large. Because of this, the machining time for these parts is very high and the rework
time can be very large. To minimize rework time, many operators will use 3D laser trackers and metrology
so�ware to verify the quality of the part during the machining process. This is a huge benefit, because it allows
manufacturers to identify issues as they arise — ensuring that the operator can rework the part earlier and
faster, plus ensuring the quality of the part when it s̓ pulled o� the machine. Due to the high accuracy
requirements and large part size, in-process verification like this is easiest when it s̓ done with high-quality 3D
laser trackers.

According to a recent case study, one aerospace company found that its quality control workflow could be
performed “twice as fast” with 3D laser trackers and metrology so�ware when compared to doing the job
without it.

Finally, the machining equipment can also be calibrated using laser trackers. The laser tracker can measure the
actual machine position versus the intended position over the full machine travel; this information can then be
used to adjust machining parameters for more precise manufacturing. This will help improve the quality of
future machined parts, reducing cost and schedule overruns.

A�er machining, assembling the parts into a final cra� can be even more challenging because minor
misalignments can lead to critical defects. This is an area where portable metrology solutions — including laser
trackers and portable CMM arms — can be extremely powerful. To maximize production and minimize waste,
aerospace organizations use these metrology solutions to measure the assembly quality and adjust it with real-
time feedback from the metrology so�ware. With this process, the operator can be certain that the final
assembly will have the right dimension and they wonʼt have to rework it later. And when paired with powerful
so�ware with automation capabilities, this even allows operators at varied skill levels to feel confident in the
execution of their tasks.

This shows how and why 3D laser trackers and metrology so�ware are absolutely essential to the success of
aerospace companies — both by ensuring quality meets the highest standards and also by using smarter tools
to eliminate wasteful time, scrap and supply chain issues.

However, for an organization to successfully implement laser trackers in its process, there are a few essential
requirements. OEMs should take all of these into consideration when updating and optimizing their workflows.

Important aspects of a 3D laser tracker solution for aerospace workflows:

1. Portability.
a. The metrology solution must be exactly that: portable! It must be capable of being transported to where the
work is occurring. There s̓ no point in implementing a solution if it means opening a whole new quality control
lab that will slow down operations. Parts need to be measured and quality needs to be checked on the
production line itself for the most e�icient operations. This is why laser trackers and portable CMMs are an
innovative solution to the particular problem of aerospace quality.

b. Aerospace parts and assemblies are very large and bulky. Moving these large objects to the inspection lab can
be time-consuming and the risk of damage during transport is low but very costly. Having portable
measurement equipment means that OEMs can perform inspection or metrology-assisted assembly directly
where the part is, reducing time, cost and risks.

c. Because manufacturing doesnʼt typically happen in a temperature-controlled space, the metrology solution
must be able to accurately measure parts in that environment. The hardware must be capable of achieving the
desired accuracy over a wide range of temperature and humidity, including any compensation procedure.
Smart metrology so�ware must also have embedded temperature compensation algorithms, taking care of the
thermal expansion/contraction of materials as the temperature changes. Again, if  an organization must build a
special temperature-controlled lab for their quality control solution, this wonʼt capture the important benefits
of portable metrology.

2. Range
a. The portable metrology tool must have the range necessary to measure the critical dimensions of the
project. Especially when it comes to aerospace, parts can be huge — sometimes up to 80 meters for launch
vehicles or large planes — thus requiring a tool with extensive range. Of course, for smaller operations like
turboprop or small business jet manufacturing, the size of the parts might be smaller. But it s̓ still important
for manufacturers to ensure that their 3D laser trackers have the range required for their past projects and
potential future designs.

b. For smaller parts a portable CMM may be su�icient, but it must have the reach necessary to measure the
entire volume.

c. It is inevitable that OEMs need to move the device to cover a very large part or assembly. We o�en think that
moving a device can degrade the accuracy of the measurement network. However, smart metrology so�ware
can significantly improve the accuracy with network bundling capabilities by leveraging the specific
uncertainty shape of laser tracker measurements.

d. With much of the aerospace world also shi�ing toward drones, EVTOLs and green aircra� designs, it s̓ not
enough for OEMs to calculate their metrology needs based on past projects. The aerospace organizations of
tomorrow need to keep an open mind as to what their engineers and designers might send to the production
line floor in the future.

3. Reach
a. Besides the range required for an OEM s̓ 3D laser trackers, whatever hardware they choose to bring into their
workflow must be able to reach to probe any critical dimensions, while still maintaining the greatest possible
accuracy.

b. Metrology equipment can be relocated around the part to gain line of sight and measure hard-to-reach
areas. But aerospace OEMs need to consider that this might slow down the manufacturing process — and
consider cost and ROI in accordance.

c. Some laser trackers feature extensions to help alleviate concerns of this nature. For example, a laser tracker
can have an additional probe that can limit device moves. Or it can have the ability to integrate a portable
coordinate measuring machine (PCMM) arm into the coordinate system, thus eliminating the need to move the
part so much.

4. Accuracy
a. A�er taking the three above factors into consideration, it s̓ important to ensure that the metrology
equipment achieves the accuracy required to inspect the critical tolerances on the parts.

b. It s̓ essential to test and demo whatever tools are being considered in the actual manufacturing
environment that an organization will use them. Aerospace companies should make sure to consult experts in
the relevant fields — both within their organization and outside of it — to confirm that 3D laser trackers meet
the accuracy standards to fit into their workflows.

c. In order to comply with internal or international standards, aerospace companies evaluating a portable
metrology solution should confirm that the solutions theyʼre considering are certified to a known and
traceable standard such as ISO 10360-10.

5. E�ciency
a. Choosing a metrology so�ware with dedicated tools tailored for laser tracker workflows is essential to
unleashing the highest e�iciency. As an example: A large digital read-out (DRO) provides live feedback for when
workers are far from the computer, simplifying the inspection and assembly process.

b. Large parts and assemblies mean large CAD models. Choosing the appropriate metrology so�ware — one
that is able to import very large CAD models in their native file format, in the fastest time, while still allowing
smooth manipulation — is key for an e�icient workflow. The ability to preserve all information from the
original CAD, including the tree structure, allows users to search in the imported CAD model and quickly trim
unnecessary components for inspection or assembly.

c. Powerful Geometric Dimensioning and Tolerancing (GD&T) algorithms embedded in smart metrology
so�ware allow swi� analysis and remove hassle from the operator, who now has the time to decode issues, as
all tolerances are automatically evaluated. Metrology so�ware with full model-based definition (MBD) allows
import of GD&T information directly from CAD models, saving time for the operator.

Ultimately, 3D laser trackers are incredible tools that can be implemented into aerospace workflows. They
provide both human-level benefits — by ensuring the utmost level of quality was used on the manufacturing
floor — and organizational benefits — by maximizing timesavings and minimizing scrap, rework and wasted
materials. Plus, as the world continues to innovate toward zero carbon emissions, e�icient technologies like
laser trackers are one way the aerospace industry can help do its part in achieving that goal.

All Images Source: FARO

Leo Martinez, product manager, FARO. For more information, email leo.martinez@faro.com or
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T EST  & INSPECT ION

MONITORING COLOR DURING THE ENTIRE PRODUCTION PROCESS CAN HELP
MANUFACTURERS IDENTIFY COLOR DRIFTS BEFORE THEY BECOME A PROBLEM.
By Felix Schmollgruber

 

Shining A Light On

Color Quality Control

Color is a critical part of any product. It s̓ the first thing your customer sees. Whether you are manufacturing
components for assembly or finished assembled goods, the color has to be right every time or you risk
scrapping, reworking, or discounting the product. This impacts your bottom line.

Monitoring and controlling color during the entire production process can help manufacturers identify and fix
color dri�s before they become a problem. To do this, most quality control and color professionals understand
the importance of incorporating spectrophotometers into their color workflow for fact-based color
management. While spectral measurements ensure a process is running within specification, a company could
still be turning out unsatisfactory parts if the product color isnʼt what the customer expected when
assembled, arranged in a store, or unboxed a�er an online purchase.

Adding a well-defined visual evaluation process to quality control checks can help.

The E�ect Of Light
Your customers accept or reject products—a finished appliance, new car, or parts for assembly—based on what
they see. Whether they are viewing the product in a store, home, or warehouse/assembly plant, the type of
lighting can change the color and appearance of the product.

The spectral quality or color content of the light a�ects how we see color. All light is di�erent; even daylight is
not consistent.

In the real world, the spectral quality of natural daylight depends upon atmospheric conditions, geographic
location, time of year – even time of day. For example, the color appearance of early morning sunrise and late
a�ernoon sunset can be as low as 2300 Kelvin (also known as horizon daylight). At noon, the color appearance
of light is approximately 5000 Kelvin and can exceed 10,000 Kelvin (on a clear day facing a north sky). When
assessing color, even small di�erences in the amount of light energy can skew color perception causing some
colors to be accentuated while suppressing others.

Color temperature in Kelvin

Controlled Lighting
Understanding the e�ect light has on an object is important when inspecting products for a quality control
program. Quality managers should evaluate using every light source under which the final object will be seen
to ensure the color continues to meet expectations.

Most industries have standardized on one or more lighting conditions to best reflect where and how their
products will be viewed. These include:

A: Incandescent

C: Sunlight

D50: Noon sky daylight

D65: Average North Sky Daylight

F2: Cool White Fluorescent

F7: Broad Band white fluorescent

F11: TL84

F12: Ultralume 3000

Simulated illuminant D65 is commonly used to represent the color of daylight close to noontime, while F11 is a
fluorescent tube and represents typical lighting in stores and o�ices.

Light booths (also called light boxes) allow you to select di�erent types of spectral energy to simulate a variety
of lighting conditions to assess color. They are painted using a spectrally-neutral gray color to eliminate color
contamination and typically come with three, five, or seven light sources, including daylight (D50, D65),
incandescent tungsten, warm-white fluorescent, and LED. Light booths also enable adherence to visual
assessment requirements in accordance with major international standards, including ASTM, DIN, ANSI, BSI,
TAPPI, and ISO.

X-Rite SpectralLight QC Light Booth

Light booths are great for evaluating smaller samples, but what about large parts such as furnishings, durable
goods, or a fully assembled car? This requires a custom-built Harmony Room, a fit-and-finish room that is
dedicated to color evaluation. These rooms are painted using the same neutral gray as light booths and use
mounted luminaries throughout the ceiling and walls to deliver controlled lighting.

Automotive manufacturers use Harmony Rooms to detect color di�erences between components provided by
di�erent suppliers around the globe. Controlled lighting can help visual evaluators assess the color and
appearance of e�ect pigments providing color flip-flop or sparkle e�ects, and metamerism (which is discussed
in the next section).  Some custom evaluation rooms support detection of the Orange Peel e�ect, a defect in
paint layering that occurs when paint dries too quickly or has surface bond problems that result in
abnormalities in the surface layer. These rooms can also help identify a surface ripple e�ect that can only be
seen at certain angles using a non-di�used light source.

Harmony Room

Understanding Metamerism
Light booths and Harmony Rooms can help identify a phenomenon called metamerism, where two samples
look the same under one lighting condition but di�erent under another. When the reflectance curves of two
objects cross one another three or more times, metamerism takes place. It is mostly caused by using di�erent
pigments or colorants for matching a reference.

aIndustries such as automotive, apparel, and footwear must consider metamerism during assembly when
components of di�erent materials and colorants come together to match under all types of illumination.

The e�ects of metamerism can be minimized through early detection. It is important to visually evaluate
samples under daylight and at least two other light sources in a controlled environment. Samples that have a
directional characteristic, such as textured plastic, must be viewed from the same angle to avoid geometric
metamerism.

Tips To Optimize Visual Evaluation
By implementing proper illumination and procedures for visual evaluation across their quality control teams,
companies can identify color challenges and make adjustments before they become a problem to reduce
waste, rejects, and rework.

Here are additional visual evaluation tips:

1. Anyone assessing color should have their color vision tested yearly to ensure they are seeing
accurately. The Farnsworth Munsell 100 Hue Test has been around for over 40 years and is an easy and
e�ective method for identifying superior (or sub-par!) color vision.

2. Choose the correct lighting conditions for color evaluation by selecting the type of light the finished
object will be seen in. If you are producing parts for assembly, make sure to confirm lighting
conditions with your customers so you are both viewing under the same conditions.

3. Keep your light booth free of clutter. Any extra items in or around the light booth, such as plants,
o�ice supplies, etc., can influence color perception.

4. Be aware of surrounding light and colors. The room color, your clothing, and even surrounding
colors can alter your perception of color. Surround yourself with neutral colors like white and gray
when evaluating color.

5. Properly arrange samples for viewing. A general rule is to view samples at a 0°:45° geometry. If you
are comparing samples, lay them side-by-side so they are parallel and touching. For curved or oddly
shaped parts, move them around – le� to right, top to bottom – and observe any changes in color.

6. Visual evaluation should only take a few seconds. Our eyes become less sensitive a�er 5-10 seconds
of looking at the same object. When judging color, look fast, then rest your eyes before you judge
again.

7. Evaluate early and o�en. The sooner you catch a color issue, the less waste you will incur.

Visual evaluation is one of those processes that appears simple on the surface, but in reality is quite scientific.
In order to produce and ship products that pass inspection and please customers, companies need a color and
quality control process that includes a solid visual evaluation process. The key to visual evaluation is
controlled lighting.

All Images Source: X-Rite

Felix Schmollgruber, EMEA technical applications manager, X-Rite. Schmollgruber manages the applications
engineering and technical support team for X-Rite in Europe. For more information, call (888) 800-9580 or visit
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SOFT WARE & ANALYSIS

THE RIGHT SOLUTION ENABLES BUSINESSES TO TRACK AND MEASURE THE
TOTAL COST OF QUALITY.  By Genevieve Diesing

How

ERP Software
Impacts Quality

Enterprise so�ware is computer so�ware designed to help an entire organization enhance its business and
management reporting. Ideally, such programs enable manufacturers to solve enterprise-wide problems,
rather than a departmental problem. They can boost a business s̓ productivity and e�iciency by helping
organizations display, manage, and store large amounts of o�en complex data and help organizations process
that data to their advantage.

Dawn Brusseau, product marketing manager, Plex Systems Inc., says ERP so�ware “provides a single source of
truth for an organization” by keeping every member of an organization aware of current operations and
creating traceability and a monitoring process.

“Not only does ERP so�ware allow for real-time updates to help teams quickly pivot when there is an
abnormality, it also provides data consistency because every member of the company has access to the same
numbers when it comes to financial or production reporting, leaving no silos,” Brusseau says.

Maintaining growing quality standards, more demanding customer expectations, and compliance measures
while operating in complex, global supply chains put enormous pressure on manufacturers, says Guido Van
den Broeck, director, product management, QAD.

“Fortunately, ERP solutions can help manufacturers to diminish a lot of these pressures,” Van den Broeck says.
“The goal of ERP systems is to streamline business operations through automation and the consolidation of
business data into one single source of truth.”

Instead of constantly apologizing for returned parts, manufacturers can identify and correct defective parts
before theyʼre shipped, says Mike Melzer, vice president of service and operations at Global Shop Solutions.

“[Manufacturers] can identify the cost of quality down to the part level, while reducing scrap to equal or better
than the industry standard,” Melzer says. “This gives them the competitive edge to build continued trust with
their customers.”

Because ERP provides the data to easily understand where to focus on continuous improvement — such as by
reducing process waste, or by identifying excesses in transportation, inventory, motion, waiting, over-
processing, overproduction, or other key performance indicators — it enables businesses to track and measure
the total cost of quality, or the cost a manufacturer must bear in terms of utilizing resources to maintain
qualitative outputs to their target customers, Van den Broeck says.

While there are many benefits to employing an ERP solution, Brusseau says, the most important are that it
helps streamline business reporting, secures data, and ultimately drives business growth.

“Before ERP systems, manufacturing operations were run on a paper basis, which would have to go from the
floor to finance executives to invoices,” Brusseau says. “This created an opportunity for human errors that
could negatively impact quality, including lost items, misplaced paperwork, and incorrect data entry. By having
accessible real-time data filed to the cloud, businesses can save time and energy on manual tasks and avoid
costly mistakes in reporting.”

Data confidence and accessibility also streamlines audits and reporting, dramatically reducing this potential
drain on resources. With today s̓ heightened awareness around cyber and ransomware attacks, organizations
need extra security for their proprietary data, Brusseau says. Organizations that implement ERP solutions
know their data is protected on the cloud, ensuring that the data will not be corrupted and business continuity
will be maintained.

Enterprise so�ware is changing with the times, most notably through the increased use of KPIs and
dashboards, Melzer says. Now more than ever, manufacturers have more data at their fingertips since shop-
floor dashboards show employeesʼ productivity and executives are privy to ample KPIs.

“With the help of ERP, manufacturers are identifying leading metrics and using that data to make short-term
and long-term decisions,” Melzer says.

Brusseau cites an industrywide push for a cloud-based system for business security and growth as a major
trend.

“Security is a priority concern among customers and isnʼt going away anytime soon,” Brusseau says. “The cloud
allows data and business processes to be stored securely, and helps organizations move away from on-premise
solutions that can easily be infiltrated. Manufacturers are also wise to ensure and validate the security
standing of a cloud ERP provider as well.”

The sheer volume and capabilities of ERP so�ware solutions are also relatively new, Brusseau says. While there
are some legacy systems out there, “companies are looking at systems that require intensive IT sta� and
comparing them to newer solutions that donʼt require heavy li�ing and are easier for the IT community to
support,” he explains.

Quality standards, compliance, and customer expectations are increasing while supply chains and operations
are getting more complex and challenging or are being disrupted, Van den Broeck says.

“Getting the right parts from suppliers on time and ensuring the expected quality and features is getting more
challenging,” he explains. “Understanding the impact of these delays on your production and delivery plans
requires seamless integration and synchronization of data and processes in your organization.”

Manufacturers generally need more skilled workers, while products are getting more personalized and
complex to manufacture.

Prices for parts and transporting goods are rising, as are price pressures due to fierce competition.

This leads manufacturers to further invest in prevention and appraisal activities, such as in training, or to
introduce more quality checks in the daily processes integrated with ERP.

These investments ultimately make the tasks easier to execute, helping to compensate for dwindling
workforces and increasingly complex tasks.

“[They provide] proactive guidance, poke yoke checks, easy-to-understand instructions, and workflow tools,
with real-time validations so production can be stopped or adjusted as soon as a problem occurs,” Van den
Broeck says. Prevention and appraisal activities also help to automate tasks as needed, limiting human
interventions.

“More investments are done as well to ensure users have the right (accurate and real-time) insights into
information to make informed decisions faster,” he adds.

As with most enterprise-level technologies, there is a learning curve when it comes to using a new ERP system,
Melzer says.

“These robust systems take time to implement and learn, and most manufacturers are already running
operations on the leaner side,” he says. “While employees may be at capacity, they have to find flexibility in their
day to balance their workload and the undertaking of learning a new system. But with help of dedicated and
experienced ERP experts, you can negate some of that heartburn for a smoother transition and
implementation.”

The biggest challenges organizations face when implementing this type of technology is the cost and time to
implement it among teams, Brusseau says, because it is easy for companies to get overwhelmed when they see
the initial cost these advanced technologies can set them back.

“While it is an investment, organizations need to visualize how they will see an ROI as it pertains to e�iciency,
business agility and potential savings in overhead,” Brusseau says.

All Images Source: Plex Systems
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Quality Is A Habit

MANAGEMENT

MEET LARSEN MANUFACTURING, OUR 2022
QUALITY PLANT OF THE YEAR.  By Michelle Bangert

Larsen Manufacturing is a quality powerhouse, with quality
metrics to be proud of, surpassed revenue goals, and
customer awards—and the entire team has worked hard to
get where they are today.

The company began a concentrated improvement journey
more than seven years ago a�er one of their largest
customers said all orders would be on hold until quality
issues were resolved.

The newly hired quality director and top management
evaluated how to improve customer relationships. They
came up with a plan to address issues facing this customer
and oth-ers. In addition, the entire organization realized that
quality is everyone s̓ responsibility. Thus, more detailed
audits, team building projects, and participation from
production, engi-neering, and the tool room were added for
support.   

Meet Our 2022 Plant Of The Year
The team at Larsen Manufacturing appreciates the
importance of continuous improvement. Alena
Kraskovska and Sheri Dorman discuss challenges at
the company, working with ASQ, and their quality
philosophy.

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

With a renewed focus on quality, the business began to perform at the highest levels—so much so that this past
October the same customer awarded Larsen their Small Business Award.

For their dedication to quality, Larsen Manufacturing (Mundelein, IL) has earned our 2022 Quality Plant of the
Year award.

Meeting And Exceeding Quality Goals
Larsen is IATF 16949:2016/ISO 9001:2015 certified. The company serves a diverse range of markets, including
medical, industrial, automotive, energy, electronics and consumer products. The company o�ers precision
sheet metal fabrication, metal stamping, powder coating and assembly services. They are able to provide turn-
key metal manufacturing from design, through prototype, part production and assembly.

As with many manufacturers, the last two years have been problematic. And in 2022 these problems continue
for a variety of reasons. Although Larsen has experienced supply chain issues, they are doing their best to
secure materials and manage customer demands. In addition, keeping sta� healthy during the pandemic has
been a high priority. Despite these hurdles, there has been positive change during these times. “The growth the
past couple of years for Larsen has been exponential. It s̓ a good challenge, but a challenge nonetheless,” says
Sheri Dorman, stamping quality manager.

While headquarters are outside Chicago, Larsen Manufacturing also has a sister facility in El Paso, Texas. The
two sites work closely to share ideas, implement audit strategies and correlate measurement methods. When
El Paso develops new quality initiatives, the Mundelein team adopts them as well.

Quality metrics remain strong at each location. The company tracks cost of poor quality (COPQ) and continues
to exceed their goals. The threshold was set at 0.4% of sales. The current corporate COPQ is 0.30%. It was 0.35%
in 2020 and 0.48% in 2019.

Both Sheri Dorman, stamping quality manager at Mundelein, IL, and Alena Kraskovska, corporate quality
assurance director, say making a quality part the first time makes things easier for everyone, including the
production team, the quality sta�, and the customers. They also emphasize that all team members are key to
good quality.

“We try to empower employees,” Kraskovska says, “not to just press a button and run a machine.” If the
production team sees an issue and wonders if something is wrong, they are encouraged to ask about it and
bring their concerns to the leads, supervisors, and quality. They cultivate an atmosphere of openness with
team members.

In addition, continuous improvement projects are one of the methods of achieving high quality. Dorman notes
that the stamping division in Mundelein has had at least one continuous improvement project per quarter for
the past two years. This pace was only possible once they stopped having to react to problems. It allowed them
to prevent problems before they cropped up.

“Weʼre constantly looking into areas to improve,” says Kraskovska. “Some projects take five or six months to
complete, some are easy and simple. Now, instead of constantly firefighting, we have time to think about
improvements and plan.”

While quality metrics continue to trend in the right direction, the employee attitude towards improvement is
also on the rise. Since the improvements were implemented, the culture of the company has also changed. In
the past, the team might have said, “Weʼve always done things this way,” Kraskovska says, but this mentality has
changed. “I havenʼt heard that as much,” she notes. Instead, people are excited to share ideas and participate in
solving problems.

Quality is contagious when changes are made, and the improvements are seen. As Dorman says, “People get
excited about projects which in turn has created good morale and a desire to help. This has made for a better
work environment and happier customers.”

The team knows that quality is a practice, not something to cross o� the list. Along that note, Dorman s̓ email
signature quotes Aristotle: “Quality is not an Act, it is a Habit.”

“Quality isnʼt just the quality department,” says Dorman. “Quality involves everybody. That s̓ what we teach and
how we mentor. Quality is the center, but all the other departments and people play a role.”

Training is another big part of their success. Most of the quality employees have taken or are enrolled to take
classes through the Technology Manufacturing Association (TMA) of IL. This attention to quality has paid o�
for the company—and their customers.

“Our customers really tell the story,” says Jim LaCroix, Larsen s̓ VP of sales and marketing, noting that
“customers are very, very happy with what we o�er, in terms of responsiveness and metrics. Weʼve got sound
policies, procedures, work instructions and forms and internal audits in place. When you do what you say and
say what you do, it kind of runs itself. With the right level of people and training, it works. This company has a
lot of horsepower in terms of quality resources.” LaCroix adds, “When discussing the customer quality side,
most of the conversations Iʼm involved in are short and sweet.”

A History In Manufacturing
The Larsen brothers are fraternal twins who came into the manufacturing field a�er their grandfather and
father. President Dave Larsen and Co-President Denis Larsen come from a long line of manufacturing
professionals. Their grandfather Leonard Larsen Sr. began working in manufacturing in the 1940s and their
father Leonard Larsen Jr. followed suit. Larsen was founded in 1999, based on this history. In 2001, the
company opened the El Paso facility. The company now has 350 employees.

LaCroix says the company has a lot to be proud of. “The fact that it s̓ grown to what it is, both in revenue scale
and amount of o�erings, the tools in our tool belt, so to speak, is impressive for a family owned company.
Weʼre corporate minded when we need to be, but we still have that family owned touch,” he says.

While the owners have a long history in manufacturing, they also believe in investing in production equipment
and new technology. Among other capital investments, the company recently added a new automated weld
line with a robotic arm as well as an automated powder coat paint booth.

Manufacturing today faces a range of issues, including material availability, workforce demands, and supply
chain issues, but Larsen has met the challenge. Congratulations to the entire Larsen Manufacturing team on a
job well done.

Larsen’s Quality Philosophy

We are an industry leader in quality systems and quality assurance.

We are Automotive Industry Action Group (AIAG) PPAP compliant, which sets the foundation for creating and
executing smart processes consistently. We also deploy Lean, Six Sigma, 8D, and 5S processes to ensure we are
working as e�iciently and e�ectively as possible. And without a doubt, we are always striving for improvement.

Our culture of continuous improvement and can do attitudes permeates the organization. This all starts with
our Quality Department; we will provide whatever is required to meet your quality requirements, from basic
dimensional checks, to full dimensional layouts, PSWs and PPAPs.

We use the necessary measurement equipment including laser scanners and coordinate measuring machines.
We also have stringent inspection processes and audits from lab audits to in process inspections at various
stages of production.

Besides all of the above, our single most important Quality asset is our team of qualified professionals who are
devoted to ensuring a bad part never leaves our premises!

All Images Source: Larsen Manufacturing
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MANAGEMENT

(PM)2–method
LEARN MORE ABOUT THE BASICS OF KPI MANAGEMENT.

By Yves Van Nuland and Grace Duffy

Some doubt the value of KPIs (key performance indicators) as a tool for business or organization process
management. The use of KPIs helps management make correct decisions. However, the way KPIs are used by
most organizations is far from perfect. This paper helps evaluate and improve KPI management. This (PM)2

method can be applied to any organization, public or private, and contributes to the better management of a
country as described by the authors in our SAC-Model. A paper describing the Society and Active Citizenship
Model was recently published by the Quality Management Division of ASQ1.

All excellence models are designed to develop enablers and to achieve results. The SAC-model (Society & Active
Citizenship Model2) also illustrates whether a country is well managed. Although working with KPIs seems
obvious, it is not always easy to put KPIs in practice. Many people struggle to establish and monitor key
performance indicators. O�en, government organizations have di�iculty finding, defining, and applying the
correct indicators.

This paper provides the basics of KPI management. The application of the method described in this paper
guides an organization to professionally manage KPIs. This application leads to e�ective performance
management. The authors call this method (PM)2 or PM square (Professional Management of Performance
Management).

Definition

A Key Performance Indicator or KPI is a measurable value that demonstrates how e�ectively an organization is
achieving the strategic plan. Organizations use KPIs at multiple levels to evaluate their success at reaching
their targets. Senior management focuses on the overall performance of the key processes and the
achievement of strategic goals. Middle management focuses on its core activities, processes in the
departments and services, but also contributes to the achievement of the strategic KPIs of senior
management.

Usefulness Of A KPI
When you work with KPIs, the following seven questions must be answered:

1. What is your desired outcome?

2. Why does this outcome matter?

3. How are you going to measure progress?

4. How can you influence the outcome?

5. Who is accountable for the outcome of the organization?

6. How will you know youʼve achieved the outcome?

7. How o�en will you review progress toward the outcome?

Example 1: Application Of These 7 Steps
A county council decided to install a system of tra�ic surveillance cameras. Car drivers who speed receive a
ticket. The objective is to increase safety on the roads by reducing speeding. Reducing speed reduces
accidents, which reduces casualties and death. A goal is to drastically decrease the number of casualties over
10 years.

From this general long-term objective, the KPI is defined as follows:

1. Desired outcome: decrease of the number of casualties and deaths in the county by over 50% in 10
years.

2. Why does this outcome matter? Last year there were more than 800 severely injured people and 71
deaths in the county. If we can reduce these numbers by over 50% this will lead to higher well-being
for more than 435 persons and their families.

3. How are you going to measure progress? KPI 1 is the Total number of tickets per month, KPI 2: Total
number of severely injured people/month, and KPI 3: Number of deaths per month. You might also
add three sub-KPIs, segmenting results for the urban streets, rural roads, and major highways.

4. How can you influence the outcome? Drivers who receive two tickets within six months lose their
driver s̓ license for one month.

5. Who is accountable for the outcome? The sheri� and his team are accountable for the management of
these KPIs.

6. How will you know youʼve achieved your outcome? Comparison between the actual measure and the
target.

7. How o�en will you review progress towards the outcome? Percent of current casualties versus
baseline on a monthly basis.

Di�erence Between A KPI And An Indicator
From the above definition of a KPI, it follows that we need to di�erentiate between an indicator and a key
performance indicator. The latter is always linked to long-term goals, aligned with the vision and strategy of
the organization. The number of KPIs for an organization should be low; a few KPIs for each leader of the
management team and their direct subordinates. At lower hierarchical levels, indicators should be aligned with
management KPIs. Also, the teams and team members have only a few indicators each (maximum five each).

Standardization Of A KPI
A KPI is presented in a standardized way. The advantage is that reading, interpreting, and evaluating a KPI can
be done quickly, regardless of the subject being treated by the KPI. In addition, there is little chance that the
presentation of the KPI will be incomplete. It also avoids misunderstandings and wrong decisions. The
monograph KPI Management3 gives the reader much more detail and examples of the use of KPIs and the
importance of reliability of data.

An additional advantage of a standardized KPI presentation: you can quickly read and interpret the KPIs and
results when the leaders of all AOPS (All Organizations of the Public Sector)4  put their KPIs on their
organizational website5. If  each AOPS has its own way of presenting a KPI, the interpretation of the KPIs and
results will take longer. A non- standardized approach may obscure important parameters, for example, the
alignment of the KPI with the strategic objectives of the organization.

The standardized KPI consists of seven sections. Once all seven sections have been precisely described, the
description of a KPI is considered complete. The seven parts are: 1) title, 2) owner, 3) purpose, 4) tree of
indicators6, 5) technical definition and measurement method, 6) presentation of the results and 7) discussion
of the results by the KPI owner.

The KPI starts with the most obvious part: the title. This is short (one to three words). The title does not contain
a target description. The title only indicates the subject.

The name (first and last name of the owner + his/her position) is displayed. This is not only an expression of the
accountability of the person who feels responsible and behaves accordingly, but it validates that every
manager in the organizational chart must have at least one KPI. Omitting the name and function of the KPI
leads to poorer management of the KPI. If  the KPI is “managed” by an anonymous person, no one feels
accountable to take necessary measures when di�iculties arise.

The owner of the KPI starts with a clear description of the goal. Always ask “What do I want to achieve with this
KPI? What is the outcome when the goal is achieved?” The owner of the KPI also describes the “Why?” How is
this aligned with the vision and mission of the organization?

In addition, the owner of this KPI provides a description of the relationship between the realization of the
indicator and the following elements:

How is this KPI aligned with the strategy of its ministry, department, organization?

How is this KPI aligned with the strategy of the board of directors (for non-profit organizations)?

How is this KPI directly related to the realization of one or more core tasks of this manager (leader)?

How does this KPI contribute to a better realization of the objectives of her direct superior?

Explaining what you plan to achieve with a KPI may seem obvious and simple. Daily practice proves di�erently.
Many people donʼt distinguish between an activity KPI and a results KPI. The latter is a real KPI. When people
start to use KPIs, they o�en start with an activity KPI, i.e., a description of a step-by-step approach. These
leading indicators of project or process steps are short term. The driving indicator is the lagging or results KPI.
Each of the leading indicators should guide the project or process to the final desired result.

A systematic use of KPIs helps all leaders and team members  stay focused on what is important for the
organization, i.e., the long-term objectives. Without a systematic use of KPIs, leaders and employees become
distracted and achieve fewer results compared to when focus is present.

Results KPIs show the impact or outcome results. This results KPI, monitored month a�er month, indicates
whether you are closer to the set goal.

Each member of the executive committee (board of directors, management team, etc.) of every AOPS places a
hyperlink for at least one KPI to a KPI of a higher management layer. In this way, every AOPS contributes
through a tree of indicators to the creation and maintenance of sustainable results for the well-being of the
country. If a topic is covered by another AOPS, the owner of this KPI will also display a hyperlink to the KPI of
the colleague from the other AOPS. In this way you can quickly see how e�iciently things are done (little or no
overlap, no fragmentation of resources).

In the sixth section, the data are presented in a table and/or graph. This graph shows both the results and the
target. If there is no target, we are referring to a statistic and not an indicator.

The monitoring frequency depends on the parameter used; it can be weekly, biweekly, monthly, eventually
bimonthly. If the frequency is too low, e.g., every six months or even yearly, this may be a statistic, not a KPI.
The aim of a KPI is make progress, to see in daily life a step-by-step progress towards the planned target. You
canʼt wait six months if you check the KPI only bi-annually before you take corrective action. If the frequency
of control is low, you have to identify another leading indicator that you can steer monthly and that
contributes to the realization of the “bi-annual KPI.”

It is valuable to monitor performance of an indicator over a number of years to avoid making wrong decisions.
If you look at the price of gold over the last five years you will draw di�erent conclusions depending on
whether you look at short, medium, or long-term price fluctuations. The chart of the price of gold7 for one
month (September 4 – October 4, 2021) indicates that the price of gold is falling. The chart for one year
(October 2020- October 2021) shows that there is a large fluctuation in the price of gold. The 5-year chart (2016-
2021) leads to the conclusion that the gold price is rather constant at approximately $1200/ounce for the
period 2016-2019 and then it increased to a much higher value, approximately $1800/ounce for the period
2020-2021.

This example proves that:

You can draw incorrect conclusions when you consider a series over too small a time period (compare
the results and conclusions of the three periods)

An explanation of the results (the price of gold) is necessary (when do you buy or sell gold and what
are the price expectations for gold in the future (depending on the supply and demand of gold and
the political situation in the world))

If these explanations are not provided by the owner, the reader of the charts may draw incorrect
conclusions. That is why with a KPI not only results are given (preferably in a graph), but also an
interpretation and discussion of the results obtained by the owner of the KPI. It is up to him to
describe the actions (decisions) taken for further improvement of the results.

In the seventh section of the KPI, the KPI owner provides a discussion of the results within his team. He also
identifies what he will do within the next month to make progress. The leaders of the KPI put their indicators
on the AOPS-website (see SAC-Model). Third parties and other website visitors can then provide their feedback
to the owner of the KPI.

Those who provide feedback on the KPI (on the AOPS website where the owner of this KPI works) can
immediately see whether their feedback has been used. Note: the owner is not obliged to apply the suggestion.
The “owner of the KPI” can autonomously decide whether to act on the feedback.

Why would a website visitor give feedback? Many citizens want to be more involved in what concerns or
interests them. In this way they are better and correctly informed about a current situation. When all leaders
of AOPS update their KPIs monthly, the visitor can consult a reliable source quickly and easily. This is
theoretically possible today (there are many databases available), but it takes time to find an answer to a
specific question.

Types Of Indicators
A key process can be monitored by four types of indicators: 1) input indicator, 2) process or throughput
indicator, 3) output indicator and 4) outcome indicator.

Let us use a metaphor to illustrate this concept. We take the process of cooking.

Every AOPS must classify its KPIs according to their key processes. It is then apparent that members of the
management team are accountable for output and outcome KPIs. However, the authors observe that in
practice, the leaders of government organizations o�en only monitor the input and process KPIs, which should
be managed at lower hierarchical levels.

References:

1. SAC-model: Society & Active Citizenship Model  Yves Van Nuland and Grace Duffy, How well is  our country managed?  ASQ Quality Management Forum, Winter 2021,
vol 47 number 4

2. Ibid.

3. https://www.comatech.be/sac-model/

4. The focus of the Society and Active Citizenship Model (SAC Model) is  management of the whole public sector. There are two categories addressed. One is  the
general government, agencies who report directly to politicians (e.g., Governor, Minister, Mayor). Examples are governmental organizations like ministries,
agencies, departments, regional and local organizations like counties, cities, fire departments, and police stations. The second category includes public service
organizations, such as public schools, public universities, not-for-profit organizations, public-private partnerships, and government contractors such as defense
and social service suppliers. The latter category consists  of organizations that depend on taxpayer funding for at least 50%  of their budget through direct
payments or grants. When we speak in this  article of public sector (AOPS), we always refer to both categories.Public Service Organizations can be classified based
on a variety of criteria such as task, ownership structure, legal status, degree of autonomy, financing and budget structure, distribution of financial surpluses, or
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How to select the best suited laser
sensor for your measurement tasks
Laser triangulation sensors can be performed on a variety of surfaces, producing a number of
different measurement types. These include unitary measurements such as distance, position,
vibration and thickness.
To select the right sensor, it is essential to meet the exacting requirements for the speci�c
application. Here, selecting “the right tool for the job” is the best approach for maximizing
e�ciency, minimizing costs and, ultimately, ensuring success.
In order to achieve accurate measurement values, laser sensors are available with different types
of laser, which show their respective strengths on different surfaces and degrees of re�ection. The
surface type - shiny, re�ective, rough, matt or structured objects - have a signi�cant in�uence on
the re�ection of the laser light, which is used in the sensor.

DIFFUSE REFLECTING SURFACES
Common triangulation sensors with red
laser are designed for diffusely re�ecting
target surfaces. The red laser has a high
light intensity and is therefore also
suitable for poorly re�ecting objects, as
the amount of light projected onto the
sensor element is su�cient.
These sensors measure from a large
distance to the target with a very small
light spot. The large measurement
distance enables non-contact
measurements against critical surfaces
and allows measurements to be taken in
places that are di�cult to access.

METALLIC AND ROUGH SURFACES
Distance measurement on shiny metals or structured surfaces poses challenges for conventional
laser triangulation sensors. Red laser accuracy is affected by a variety of special circumstances.
Specular surfaces, for instance, produce a “speckle” effect distortion of the re�ected beam. The
laser’s high intensity can also produce light penetration and diffusion on some surfaces causing
the re�ected light to become blurred.
Rough and structured surfaces can also create non-homogenous noise. By using specially
designed laser line sensors to emit an oval spot, triangulation happens around a laser line rather
than a laser point. Surface qualities can then be averaged to �lter out disturbances.

RED-HOT METALS / ORGANIC AND TRANSPARENT OBJECTS
Many of the challenges encountered with red lasers can be solved by the color of the beam. Blue
laser sensors operate with a light source close to ultraviolet light, giving them a shorter
wavelength (405 nm) and lower intensity. This translates to less penetration and diffusion on
target surfaces, with a sharper and more stable focus. Blue lasers are a preferred choice for
organic, translucent and transparent materials, including some plastics, adhesives and glass.
If the target materials emit their own infrared light, as is the case for heated glowing metals, the
resulting interference will skew readings of red laser sensors. Unaffected by interference from the
red glow of heated metals, blue lasers found one of their earliest applications in the steel
processing industry. Highly polished surfaces fare well under blue lasers, with noise caused by
speckling signi�cantly diminished — typically by a factor of 200% to 300%.

An online con�gurator is available to narrow sensor selection according to many of the
attributes discussed above.

Micro-Epsilon 
martin.dumberger@micro-epsilon.com
www.micro-epsilon.com
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Products
THE LATEST PRODUCTS TO HELP YOU IMPROVE YOUR MANUFACTURING PROCESS

Instron 3400, 6800 Series Universal
Testing Systems
Instron announced the capacity expansion of the 3400 and
6800 Series universal testing systems. The all-new 3400 and
6800 Series high-force universal testing systems are
successors to Instron s̓ popular 3300 and 5900 Series
systems and are now available in force capacities ranging
up to 300 kN. With the higher capacities come a host of new
features focused on durability, ergonomics, and simplifying
mechanical testing.

Instron s̓ 3400 and 6800 Series provide a new dimension of performance and durability. Reduction in debris
ingress has been achieved through gasketing and a patent-pending airflow design. The frames have been
fortified against shock and vibration, allowing for continuous testing at the maximum rated frame capacity.
Additional design steps were taken to locate internal electrical and mechanical hardware safely away from the
test area, while an abrasion-resistant coating is applied to the 12mm metal work surface for durability.

Both series are equipped with maintenance-free brushless AC servomotors supporting continuous cyclic,
creep, and relaxation testing for up to 10 days. The 3400 Series provides a data acquisition rate up to 1000 Hz
and the 6800 Series increases the data acquisition rate up to 5000 Hz, ensuring that a test event is never
missed.

The culmination of these enhancements is a universal testing system built to perform today and for years into
the future.

Accidents occur at the highest frequency during test setup, and Instron has taken on the challenge of reducing
the rate of recurrence with their patent-pending Operator Protect system architecture along with Safety
Coaching. Operator Protect and Safety Coaching are built into the 3400 and 6800 Series systems and are
designed to limit the machine s̓ movement during test setup while providing visual machine status reminders
to the operator and bystanders.

When the system is in setup mode, several new features are present to reduce the risk of accident. Crosshead
movement speed is restricted, the Smart-Close Air Kit restricts gripping pressure on low force grips to a pre-
defined safe level, and Safety Coaching uses system lighting and a color-coded border around the so�ware to
visually indicate that the machine is in safe setup mode. Once the operator is ready to begin testing, a virtual
interlock button allows the enablement of the system s̓ full crosshead speed, full grip pressure capabilities,
and triggers visual cues that signify that the safety limits have been removed for testing. System movement on
the 3400 Series is controlled from a redesigned Operator Panel, while the 6800 Series introduces a new
ergonomic handset that allows the user to operate the system from a distance.

To improve operator comfort, the new 3400 and 6800 Series systems are available with a tall base option. The
tall base moves the testing platform to an ergonomically comfortable height and adds a shelf for storage. The
3400 and 6800 Series have an all-new contoured base design allowing the operator easy access to the test
space for fixture assembly and a comfortable reach to the control panel on the 3400 Series or the handset on
the 6800 Series.

All 6800 Series systems are equipped with an Auto Positioning feature which remembers a pre-assigned fixture
separation and the starting location for the assigned test method. When using a test method configured with
Auto Positioning, an operator is shown a picture of the assigned fixtures, reminded to set travel limits, and
notified when and where the crosshead will move for test commencement. The goal of Auto Positioning is to
improve data repeatability and reduce testing errors.

The 3400 and 6800 Series systems are equipped with a new Collision Mitigation feature to help reduce
accidental equipment and specimen damage. Collision Mitigation enables the systems to continually monitor
force during jog and return, and will automatically stop the crosshead movement if an unexpected force is
detected. Mishaps happen, and the goal of Collision Mitigation is to reduce the negative financial and
downtime impacts associated with such occurrences.

Instron
www.instron.com

Waygate Krautkrämer USIP|Xs CV Multi-Channel Ultrasonic Instrument Platform
Waygate Technologies introduces the new Krautkrämer USIP|xs CV. The scalable instrument platform for
conventional ultrasonic (UT) inspections can be tailored to the individual requirements of fully automated or
semi-automated systems and is easy to set up and maintain. USIP|xs CV succeeds the successful Krautkrämer
USIP 40 instrument, which was installed over 1,500 times around the world for reliable industrial inspection
automation in quality assurance, process control, research and development or laboratory environments.

The USIP|xs CV is available in two versions, ESSENTIAL and PERFORMANCE, with a wide range of channel
configurations making both scalable in performance to suit any kind of industrial application. While the
ESSENTIAL line is ideal for mid-range applications, the PERFORMANCE line was designed for more demanding
UT inspection use cases requiring e.g. broader transmitter voltage and bandwidth. The high-end solution is
equipped with eight channels that can be operated in parallel, with a pulse repetition frequency of up to 20
kHz, allowing for a significantly higher inspection speed.

The plug-and-play platform builds on Waygate Technologiesʼ decades of experience as a leading manufacturer
of Krautkrämer ultrasonic testing systems. It applies latest usability standards and can be equipped with a vast
array of integrated diagnostic features and interface standards – including field bus – for the e�ective
integration into automated systems. The integrated box design of the USIP|xs CV makes the instrument
platform extremely easy to maintain in comparison to slot card type electronics.

Waygate Technologies  www.waygate-tech.com

Lucid Atlas 5GBASE-T Camera Series
Lucid Vision Labs, Inc., announced the availability of new
Atlas 5GigE IP67-rated cameras.

The latest Atlas models feature a range of Sony Pregius
global shutter CMOS image sensors over a 5GBASE-T
interface. These include the 2.8 MP Sony IMX421 sensor
with a pixel size of 4.5 μm running at a frame rate of 173 fps,
as well as the 8.9 MP IMX255 sensor at 58.5 fps, and the 12.3
MP IMX253 at 42.5 fps o�ering a 3.45 μm pixel size.

The Atlas Factory Tough™ camera line is designed for industrial applications requiring high bandwidth and high
resolution in a robust IP67-rated housing. It features Active Sensor Alignment for superior optical
performance, a compact 60 x 60 mm size, M12 Ethernet and M8 general purpose I/O connectors for a robust
connection resistant to shock and vibration, industrial EMC immunity and a wide ambient temperature range
of -20°C to 55°C. The Atlas IP67 models feature C-mount lenses and are compatible with the standard IP67 lens
tubes from the Triton cameras.

The 5GBASE-T Atlas is a GigE Vision and GenICam compliant camera capable of 600 MB per second data transfer
rates (5Gbps) and allows the use of standard CAT5e and CAT6 cables up to 100 meters. Atlas features Power
over Ethernet (PoE) that simplifies integration and reduces cost.

All Lucid cameras conform to the GigE Vision 2.0 and GenICam3 standards and are supported by Lucid s̓ own
Arena so�ware development kit. The Arena SDK provides customers with easy access to the latest industry
standards and so�ware technology. The SDK supports Windows, Linux 64bit and Linux ARM operating systems,
and C, C++, C# and Python programming languages.

These new Atlas ATP028S, ATP089S and ATP120S models are now available to order.

Lucid Vision Labs, Inc. 
www.thinklucid.com

Vision Engineering 4K Resolution Digital
Microscope
Vision Engineering announced the launch of Makrolite 4K
at APEX 2022, its first 4K resolution microscope to
complement their range of digital inspection systems.

Makrolite 4K superb image quality, 4K resolution and wide
dynamic range is suitable for a wide range of complex and
high contrast applications.

According to the company, it provides more fine detail with greater detail shadow and highlight areas, ideal for
challenging inspection routines, including reflective subjects, for example solder joints, subjects in shadow, or
subjects with low contrast, such as rubber and plastic.

Makrolite 4K is flexible, easy to use, and provides high definition video images with a wide dynamic range and
up to 330x magnification. It delivers both versatility and high performance in applications such as production,
lab research, R&D, micro assembly, quality control, inbound/outbound product checking, dissection and re-
work.

Available in two versions, the console configuration provides direct HDMI connection to the monitor for live
display with full control of zoom and all camera settings. Connecting Makrolite 4K to a PC with our
dimensioning so�ware, ViPlus, extends its capabilities to include image capture, annotation, on-screen
measurement, live overlays, data/image report generation and a range of image processing tools.

Additionally, the Makrolite 4K solution includes a wide range of stands and objectives, making it a flexible
solution equipped to deal with a wide range of demanding inspection tasks.

Vision Engineering  
www.visioneng.com

Olympus RollerFORM XL Phased Array Scanner
Olympusʼ new RollerFORM™ XL scanner answers the demand for a wide-coverage and easy-to-implement
phased array tool to accelerate the inspection of composite components with large surface areas.

In the aerospace and wind energy industries, critical components such as aircra� wings and wind turbine
blades are made with lightweight, durable composite material. Inspectors use nondestructive testing
technology to ensure the integrity of these parts, both before they are assembled and for in-service
maintenance. Ultrasonic testing is a standard method, but the partsʼ extensive surface areas, the attenuative
nature of composite and the complicated operation of some ultrasonic testing equipment can cause problems.
The new RollerFORM XL scanner is an innovative and easy-to-use phased array wheel probe that helps resolve
these issues.

Based on the field-proven design and performance of the original RollerFORM scanner, the RollerFORM XL
scanner s̓ tire with integrated phased array probe provide a beam coverage that is twice as wide. Scanning large
parts is more e�icient and the data s̓ accuracy is improved since the wider beam coverage also increases the
probability of detection.

Light and easy to operate, the RollerFORM XL scanner takes minimal e�ort to set up and inspect compared with
immersion-based testing. Strong, reliable signals are obtained without a couplant pumping system thanks to
the scanner s̓ innovative tire. Interface reflections are minimized because the tire is filled with liquid and the
material has an acoustic impedance that closely matches water. This similarity enables the ultrasound beam
energy to transmit e�iciently into the part.

Beam penetration is optimized in attenuative composite materials because of the RollerFORM XL scanner s̓
optional low-frequency, large-elevation phased array probe. Inspectors can easily integrate this new wider
model into existing wheel probe procedures. The RollerFORM XL scanner also has an encoder, an indexing
button and a start acquisition button to facilitate complete scans of large wings or blades.

With minimal setup, inspectors can implement this self-contained wheel probe system to not only save time,
but also improve the accuracy of their results.

Olympusʼ Industrial Solutions 
www.olympus-ims.com

Spellman ΜXRB130P65 Microfocus Power Supply
Spellman High Voltage Electronics Corp announces the introduction of their new μXRB130P65, designed for
both industrial and medical OEM applications.

Spellman s̓ μXRB130P65 microfocus Monoblock® X-Ray sources are designed for high resolution imaging
applications powering its internal microfocus X-Ray tube up to 130kV @ 65W. Features like 24Vdc input voltage,
small package size and standard RS-232 digital interface simplify integrating the μXRB130P65 into your X-Ray
system. The small, round focal spot size, optimized over the range of operating voltage, and high
magnification, combined with stable high intensity output provides distortion free, superior quality 2D and 3D
images.

Some benefits of the μXRB130P65 are:

Integrated X-Ray Tube and Control Electronics in One Compact Assembly

Standard RS-232 Digital Interface O�ers Access to Diagnostics and Operating Logs

Standard Windows Test GUI

< 7 Micron Focal Spot for Narrow Beam

< 8 Micron Focal Spot for Wide Beam

10mm/14mm Spot to Window Spacing Provides High Geometric Magnification

Typical Applications include:

For Industrial X-Ray:  

Circuit board and electronic component inspection

High resolution nondestructive testing of metal and plastic parts

Micro CT for ndustrial applications

Battery inspection

For Medical X-Ray:

Micro CT for life sciences applications

The μXRB130P65 has options for Wide Beam, Extended Tube (with Wide Beam only) and Light Weight.

Using the Narrow Beam, which is standard, the small round spot is optimized over the range of kV and power to
provide distortion free images. Operated at 4 watts yields a 6 micron spot for high resolution imaging. The
14mm spot to window spacing o�ers high geometric magnification.

Using the Wide Beam, which is optional, the 115 degree round beam is well suited for automated inspection
where a large field of view is required for maximum throughput or o� angled views. The 10mm spot to window
spacing provides superior high geometric magnification.

Spellman High Voltage Electronics 
www.spellmanhv.com
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Advanced Imaging And Deep Learning Technologies Execute

Critical Packaging Inspection
WHILE MACHINE VISION APPLICATIONS HAVE BEEN HIGHLY SUCCESSFUL FOR
DECADES USING “ANALYTICAL” VISION TOOLS, DEEP LEARNING IS ABLE TO
SUCCESSFULLY SOLVE VERY COMPLEX CLASSIFICATION AND OBJECT
DETECTION PROBLEMS WITH EASE. By David L. Dechow and Navneet Nagi

Product packaging - in an extremely broad range of markets from food to pharma - frequently incorporates an
extremely important sealing technology called “tamper evident” seals. The purpose of these mechanisms is to
help ensure the safety, quality, and o�en the shelf life of the product. Driven by a tragic incident of malicious
product contamination in the early 1980s, the FDA since has mandated tamper evident packaging for all
pharmaceutical OTC products and manufacturers of most all consumable products in other markets follow
that lead. Several standard sealing techniques are used, and in each case verification of the integrity of the
seals during packaging is a step that is critical to the process.

For a wide range of applications in packaging with plastic bottles, the use of a foil seal under the cap is one of
the standard, common “tamper-evident-packaging” (TEP) implementations. In this article, we will discuss the
integration of advanced imaging techniques with deep learning analysis used to successfully inspect foil seal
integrity with high reliability.

Introduction To Induction Cap Seal TEP
“Induction cap seals” and “induction cap sealing” describe the component and process of the inclusion of a
foil seal assembly that adheres to the top of a bottle under the cap. These seals are found in packages for
millions of products worldwide with the most prominent being OTC pills and liquid drugs, consumer liquid
products, and various food products. The seal protects the product yet is easy to remove, and clearly indicates
possible tampering when seal is broken, detached, or missing.

In an automated packaging process, a cap with an attached liner is installed onto a container a�er filling. (The
liner has multiple layers of various materials that help seal and protect the container contents, and specifically
include an aluminum foil layer.) The cap is torqued onto the bottle with a suitable force to create pressure
between the liner (seal) and the edge surface of the bottle opening. With the cap correctly in place, the top of
the capped bottle is exposed to electromagnetic induction which heats the foil in the seal which in turn heats
other layers of the seal including one that bonds the seal to the edge of the bottle. The heat from the foil also
releases the seal from the underside of the cap. A�er heating and subsequent cooling, the sealing is complete,
and the cap can be removed without damaging or a�ecting the seal.

Example Of An Overheated Seal.Rendering of the production thermal seal inspection
system.

Several things in the capping process can impact the formation of a complete and robust seal. These include
over- or under-heating, insu�icient or uneven pressure, liquid or foreign material on the liner, and physical
deformation of the seal including cuts, tears, and folded liners.

The value of automated inspection to ensure seal quality is perhaps very clear for this application. Confirming
that the seal is secure and intact for each bottle is important to consumer safety and confidence. However, the
implementation of in-line inspection presents several challenges, with the primary one being the completed
seal is hidden under a plastic cap.

Imaging The Invisible
The nature of this packaging process provides an opportunity to use advanced imaging techniques to
overcome the unique challenge of “seeing” a feature that is completely obscured. Because the foil in the seal is
induction heated to create the liner seal, and because the temperature of the foil is key to the final seal quality,
thermal imaging of the heat profile of the foil can be used to evaluate the sealing process. For this application a
high-precision thermal camera with internal cooling was used to acquire an image of the heat retained by the
foil in the seal shortly a�er the induction heating process. This “heat profile” is completely visible to the
thermal camera through the plastic cap.

Evaluation of the thermal profile of the foil seal for all defect conditions though introduces additional
application challenges. While some defects are clearly defined in the thermal images with features that can be
extracted by geometry or contrast variations, other defects are more subjective and di�icult to quantify
relative to the typical “good” seal thermal image. The successful inspection in this application is accomplished
by using a combination of analytical vision tools with deep learning in a “hybrid” analysis of the imaging.

3D rendering of the thermal image of a good seal.2D thermal image of a good seal.

3D rendering of the loose cap example thermal image.Example of a bad seal loose cap 2D thermal image.

Deep Learning Enables Subjective Analysis
Deep learning is a subset of the field of machine learning, both of which fall under the very broad umbrella of
the scientific discipline of “AI” (artificial intelligence). While machine vision applications have been highly
successful for decades using “analytical” or “discrete” vision tools, deep learning has been proven to be able to
successfully solve very complex classification and object detection problems with ease, particularly in cases
where analytical algorithms can become prohibitively complex and large, and perhaps constrained in their
accuracy when images contain highly subjective defects.

Narrow applications of deep learning in machine vision have become more mainstream as the accuracy of the
results continues to improve with the help of better and larger data sets and better definition of the problems.
Combining the strength of deep learning in this narrow sense for subjective decisions with analytical vision
tools for clearly defined features results in a highly reliable hybrid approach to the analysis of the thermal foil
image in this application.

A defect of particular importance is a bad seal resulting from a loose cap at the time of induction heating. The
images of the thermal profile of the heated seal with a loose cap demonstrate wide variations, depending on
the degree of cap looseness relative to the angular deviation from the expected position of a fully torqued cap.
Traditional analytical vision tools do not achieve the required detection rate. However, this defect case can be
defined as an independent, narrow failure mode and solved e�iciently using deep learning rather than
implementing a large deep learning solution covering all defect conditions. In this project, this hybrid
approach resulted in an increase in detection accuracy for all failure modes overall, a faster delivery of a final
solution, better scalability of the system, and improved inspection cycle times.

3D rendering of the overheated seal example thermal
image.

Example of a bad seal overheated seal 2D thermal image.

3D rendering of the underheated seal example thermal
image.

Example of a seal containing an underheated section
described by the magenta arc graphic 2D thermal image.

Implementation Techniques
The development and implementation phases of any inspection solution start with an image dataset. O�en the
initial imaging can be performed o�-line during initial design and build. With a thermal imaging system this can
be di�icult or impossible as the heat profile to be analyzed is unique to the on-line process. As such, the
thermal images of the sealed product must be obtained a�er installation of the system on a manufacturing
line.

In execution of this application, discrete vision tools can be tuned and deployed for well defined features
using a relatively small sample set of images. A�er initial installation, the system can be run in an image
collection mode to create a suitable database for a deep learning classification dataset. For this application
loose cap examples are manually created for the sample dataset, with visual human confirmation of the
classification of the defect.

A Success Story
This application demonstrates the successful development and production deployment of a hybrid inspection
system using both analytical and deep learning tools with advanced thermal imaging. The strengths of all parts
of the system are successfully leveraged to achieve high detection accuracy for both the clearly and weakly
defined defect features.

In one implementation, such a system was successfully deployed in multiple locations for varying products.
The systems proved to be highly capable in the capture of important seal defects with high accuracy while
maintaining a very small false failure rate. One key area of process improvement realized was the ability to
identify variation in the cap torque based on seal integrity and completeness. With this ongoing process data,
the cap torque was adjusted to produce tighter seals and reduce product rejects. The system also revealed a
production condition where liquid on the cap and bottle that could cause problems in other subsequent
processes like labelling were captured by the thermal imaging and led to process improvements that improved
overall quality. Furthermore, the system was successful in capturing some rare defects like cracked caps which
otherwise had gone undetected.

Conclusions
This application utilizes an elegant combination of advanced imaging techniques and analysis tools to provide
significant value to an important production process. Keys to the solution involve the use of well proven
industrial thermal imaging, and a unique hybrid utilization of both deep learning and discrete vision tools. The
result is a very scalable solution that can impact a variety of industrial use cases.

All Images Source: Integro Technologies Corp.
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The Rise of Smarter Robots
USING A HIGH-QUALITY 3D CAMERA, THE ROBOT CAN LOCATE THE PART,
REGARDLESS OF ORIENTATION, AND PROVIDE PICK COORDINATES TO THE ROBOT.
By Jim Anderson

Using a system-solution approach provides you the answer to running a more e�icient, cost-e�ective, and
accurate production line. With multiple robot guidance systems, there are solutions available now to fit your
business needs that can help you gain flexible material handling operations.

Manufacturers across multiple industries face a number of current challenges, including shorter production
series (lot size one), lower costs, and a need for increased flexibility. But perhaps the greatest challenge is
e�ectively implementing automated material handling solutions.

Manual part picking is an expensive, labor-intensive process. As a result, robots are increasingly replacing
repetitive manual handling. The challenge with robots, however, is that they are blind, and many are not
flexible enough to accommodate ever-changing automated production processes. This is changing at an
incredibly fast rate though. The number of technologies including camera-based vision systems is on the rise
along with the ongoing integration of robots, sensors and cameras and so�ware taking advantage of the
improvements in deep learning and artificial intelligence.

With robot vision guidance systems, both 2D and 3D, flexible material handling is made possible for industrial
production and warehousing. These customizable vision systems provide the competitive advantage many
manufacturers are looking for in part localization applications.

“With the creation of many new technologies for the industrial automation industry, this is a very exciting
time,” says Nick Longworth, SICK market product manager robot guidance systems. “Simple and repetitive
tasks of li�ing heavy parts from deep bins, conveyors, and racks has always been a primary source of long-term
back injuries, accidents, and ine�iciencies.”

There are several di�erent robot guidance systems that use di�erent types of machine vision technology to
provide flexibility in the production process. These automation solutions can also give you the improvement
your business needs to gain flexibility in the material handling operations as well.

Robot-automated part picking eliminates the need for precise part placement in the bin or the pallet, thereby
maximizing part-handling uptime. With the PLB vision system, youʼll get a complete solution that comprises of
hardware and preconfigured and tailored so�ware. With this system, you can identify and pick objects nearly
regardless of size.

Using a high-quality 3D camera, the robot can locate the part, regardless of orientation, and provide pick
coordinates to the robot. The robot then verifies that a collision-free space is available for the gripper in
reported pick positions. The system provides a localization time typically within just a few seconds, usually less.
In many cases the cameras are calibrated and aligned with the robot s̓ coordinate systems, so the data is
delivered in the robot s̓ preferred data structure, taking that calculation away from the robot and allowing for
more speed. Many systems can deliver multiple pickable objects per scan as another way to increase the
throughput.

PLB 3D Randomized Bin Picking System

There are multiple technologies used in the scanning and image creation for these types of systems. There are
3D laser triangulation scanners used when the total field of view and depth of field are the driving factors for
the application. When the overall resolution of the image is more important than size of the FoV, imaging
techniques like structured light stereo are o�en used. When longer range is needed, and lower costs are driving
the solution the use of Time-of-Flight-3D cameras is an option. All of these technologies provide data in
di�erent formats and when the format is the same the data density and overall amount of computing required
to handle the 3D data can be tricky or require specific so�ware interfaces for each type.

The part localization so�ware implemented in the PLB system is unique in that it o�ers multiple ways to teach
new objects for picking. It is also unique in the fact that the so�ware can handle 3D and 2D from many di�erent
camera types and technologies. The so�ware is teaching the camera what to target based on a CAD drawing. A
visual graphical user interface (GUI) works with the CAD so�ware to provide a visual dashboard for the user to
see everything the system is locating. There are other options that are based on standard stereo vision
techniques, and still others that add additional cameras for adding color or snapshot images to the 3D point
cloud data.

The PLB is an easy-to-use solution that makes it possible to configure new applications quickly and e�iciently
with its CAD-based, 3D-shape matching part localization so�ware, edge algorithm, and available plugins. It
noticeably reduces the e�ort of analyzing and designing solutions for new applications. The so�ware simply
matches the CAD model of a part to the 3D image it takes, and the robot then picks the part. In addition,
advanced users gain additional versatility with the ability to develop plugins for localization, letting the PLB do
the rest of the work.

These machine vison guided robot picking systems are ideal for the automotive production industry, primarily
for powertrain manufacturing, part suppliers, and machine loading operations in component production. In
addition, the system has intralogistics applications in de-palletizing and de-stacking tasks and parcel
singulation. There are also some process automation applications for the handling of foundry and forging
parts.

PLR 3D De-Racking System for Automotive

Part Localization In Racks
With part handling directly from racks, a vision-based robot guidance system provides flexibility to adjust
around inaccurately placed or damaged part racks, titled stacks on a pallet, part positions shi�ing during
transport, or natural part manufacturing tolerances. There are multiple systems that have a large range in
features and price. The main goal of these systems is to provide reliable robot guidance to shorten cycle times
and reduce costs.

It is best at helping to overcome challenges around handling large, bulky stamped sheet metal parts. The parts
that are to be manipulated or transported might move or shi� during transport or the racks themselves can be
damaged. As a result, the PLR, one of these pre-configured systems, can overcome these challenges and keep
your production running smoothly.

These systems are ideal for the automotive production industry, primarily in automotive body production. It
can also be used for localization of parts stored in containers in spot welding and gluing stations. It could also
be used to align a robot mounted to an AGV with an attached work surface or one that it drives up to.

Belt  Pick 3D Vision System

Part Localization On Conveyors
Robot guidance systems can also be used for conveyor-picking applications. These vision systems are o�en 2D
and use contrast for part localization. They consist of high-quality image processing hardware and are
equipped with extremely high-performance localization algorithms for reliable and fast part location.

Many systems have tools or functions for synchronizing the data with the speed of the conveyor. For example,
there is a system that accounts for rapid movement on the conveyor system allowing for a collaborative e�ort
between the conveyor and the robot arm to work at a rapid pace. This all enables the e�ective localization of
multiple simultaneous parts and rapid transfer of localization data to the robot.

Working with 3D vision in your conveyor picking projects increases both the reliability of your picking process
and the quality of the handled products. The 3D data is especially good for locating products on a conveyor
belt in packaging applications in consumer goods. For each detected product, the camera reports location,
height and orientation to the robot controller.

These systems are ideal for automotive production, and the consumer goods industries. The 3D solutions are
great for products in consumer goods where color may give 2D systems di�iculty. In addition, the system has
retail and warehousing applications for depalletizing.

Autonomous Vehicles
O�en times the robots used in the production of items are given more visibility, especially when it comes to
quality, but the use of AGVs and now AMRs have just as much impact on the customer s̓ quality of experience
and overall perception of the company. Robots help move product through the warehouse and to the location
it is needed whether that is delivering raw materials to the production line or loading pallets on to the trailer
for shipment.

The consumer expectation of same-day delivery or next-day delivery is increasingly becoming the norm.
Therefore, e-commerce and retail organizations are increasingly looking at building e�icient, flexible, and
automated supply chain processes to satisfy customer expectations. Adoption of warehouse automation
technologies to enable faster, e�icient, and dynamic order fulfilment is amongst the primary targets for
automating supply chain operations and updating production capabilities.

This trend has been on a rapid increase and has only been exaggerated with the onset of the pandemic. The
need for safe, consistent quality products getting produced and shipped became di�icult when people could
not do the jobs during the global shutdowns. Working with reduced human labor has allowed some factories to
stay afloat during these times.

Advancements in robotics technology have led to the emergence of a�ordable robotics and automation
systems, such as automated guided vehicle (AGV), autonomous mobile robots (AMR), drones, automated
storage and retrieval systems (AS/RS) and other flexible automation systems, thereby increasing the number
of companies that are deploying robotics and automation technologies to improve warehouse operations and
address workforce challenges and in the production side of the factory.

AMRs are equipped with numerous sensors and so�ware application to interpret and understand its
surrounding environment, navigate through various obstructions, automatically determine an optimum route
to accomplish tasks and work collaboratively with operators for performing a range of operations, including
order picking, sorting, and other material movements within the warehouse.

AMRs may include sensors for mapping, navigation, localization, computer vision, 3D cameras, and other
environmental sensors. Most AMR uses LiDAR sensors for dynamic navigation, avoiding various fixed and
moving obstructions.

Growing global competition for customers and skilled employees are further adding to the challenges with
substantially higher customer churn rate because of bad customer experience.

Organizations are increasingly adopting/upgrading various supply chain technologies to optimize end-to-end
supply chain and warehouse operations and boost their capabilities to improve overall customer experience
and overall quality.

One trend in the implementation of robots and AMRs in smaller companies is Robots-as-a-Service. Just as it
sounds, the service or subscription model is allowing many organizations regardless of size to pursue robot-
based automation projects without the traditional barriers such as capital. The robot s̓ fundamental value
proposition of improving warehouse e�iciencies and productivity by automating various non-value-adding
material movement activities and freeing up human workforce for value-adding activities, helping
organizations iaddress labor shortage challenges, and providing quick ROI are driving market growth and
providing companies with advantages and improvements in overall quality.

All Images Source: SICK

Jim Anderson is the digital business consultant for machine vision at SICK Inc. For more information, email
jim.anderson@sick.com or visit www.sickusa.com.
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THE WAVELENGTHS USED IN ANY MACHINE VISION APPLICATION HAVE
SIGNIFICANT IMPLICATIONS IN CHOOSING THE MOST APPROPRIATE LENS.  

By Mark Williamson

 

Optimizing Machine Vision Lenses For Different

Wavelengths
Lenses play a crucial role in the quality of the images produced by a machine vision system since they
determine the sharpness of the image on the camera sensor. Lenses can influence image quality in a variety of
ways:

Reduced light transmission due to lens surface reflections

Spherical, chromatic and defect aberrations preventing all rays of light from a single point on the
object being focused to a single point on the image

Reduced light intensity towards the edge of the image

Spatial distortion of the image

By choosing the appropriate lens construction, all of these e�ects can be minimized.  This article highlights
some of the considerations when selecting a lens for your particular needs.

As lenses transmit light the first consideration is the wavelength of light used, as this has a major influence on
both chromatic aberration and light transmission. This is of particular importance in lens design with the
increasing use of infrared and UV radiation as an alternative to visible light to reveal information that could
otherwise not be seen. While broadband light radiation is essential in some applications such as color imaging,
using monochromatic illumination allows the best wavelength-related lens performance to be realized,
irrespective of the wavelength chosen.

Light Transmission
In general, around 4% of the light passing from air through a glass lens will be reflected at each interface,
meaning that 8% of the incident light is lost. Using a thin anti-reflective coating on the lens surfaces reduces
these reflections and significantly improves light transmission. Broadband coatings can be used for color
imaging, but the best transmission comes from using a monochromatic light source together with a lens
coating designed for that specific wavelength. Using a wavelength outside of the coating wavelength range
could actually reduce transmission.

Chromatic Aberration
When di�erent wavelengths of light pass through an air-glass interface, each wavelength is refracted by a
di�erent amount. This dispersion is a measurable quantity and results in the chromatic aberration produced by
lenses, with fringes blurring the object s̓ edges, making accurate machine vision measurements impossible.
Hundreds of di�erent optical glass types with di�erent dispersion characteristics are available, making it
possible to produce achromatic lenses with a variety of glass elements to compensate for chromatic aberration
e�ects (Figure 1). Much simpler lens designs are needed when using monochromatic light sources as there is no
chromatic aberration.

Figure 1. Correcting for chromatic aberration. Source: Stemmer Imaging

Line Scan Imaging
Line scan imaging is used for the inspection of continuous material and imaging objects on a conveyor belt,
especially where the objects vary in length. Images are built up one line at a time by scanning the camera s̓ line
sensor at high speed as the object passes underneath. The resulting short pixel exposure times compared to
area scan imaging make lens transmissibility an important factor in getting su�icient light to the sensor.
Sensors are available in resolutions up to 16K pixels and can be comparatively large – a 16k resolution, 5 x 5 µm
pixel monochrome line sensor has a length in excess of 80 mm. Large format lenses therefore must be used to
ensure illumination of the entire length of the line array without mechanical vignetting where the light beam is
blocked (normally by the lens mount), causing shading towards the edges of the image. Anti-reflective lens
coatings are crucial in maximizing light throughput. Color line scan imaging, however, utilizes the entire visible
spectrum from 400 – 700 nm so achromatic lenses with a broadband anti-reflective coating are needed to
remove chromatic aberration and improve transmission. There are also a variety of di�erent camera
configurations (Figure 2) available. In single chip cameras, the output from two or three adjacent lines on the
sensor is combined to generate an RGB signal while in three or four-sensor cameras, light from the object is
collected into a prism which separates the RGB components (and near infrared (NIR) in four-chip cameras) for
simultaneous detection by the individual sensors. This arrangement uses a common optical path making it
more suitable for imaging 3D objects or randomly moving products without spatial displacement problems, as
the R, G, B and NIR pixels are coincident for any given object position. Lenses used with prism-based cameras
require special designs to compensate for the di�erent optical paths and focusing characteristics within the
camera. In order to avoid mechanical damage of the prism, rear protrusion of the lens must also be kept very
low.

Figure 2. Color line scan configurations. Source: Stemmer Imaging

,NIR Imaging
The near infrared (NIR) extends from 700 nm up to 1μm. Conventional CMOS sensors have some NIR sensitivity
and versions with enhanced sensitivity above 850 nm are becoming more common. NIR can reveal subsurface
features such as decay, mechanical bruising and pest damage in foods such as fruit, vegetables, nuts and
meat. NIR illumination can also penetrate some dyes and inks, making it possible to inspect products through
printed packages. There are also applications in the wood, textiles, paper, glass, tiles and electronics industries
and for the inspection of labels on cylindrical items such as cans, bottles, pens etc. or even rotating objects. In
addition, using pulsed NIR light sources in conjunction with NIR pass filters eliminates any unwanted e�ects
due to fluctuations in the ambient light. If  simultaneous NIR and color imaging of an object are important,
using two separate cameras can present problems in getting accurate registration between the two images. A
multi-sensor prism camera is a powerful alternative. Here the prism separates light from the sample into visible
and NIR wavelength channels equipped with individual sensors to give exactly the same field of view for both
images (Figure 3). Lenses used with these cameras must be well matched to the optical characteristics of the
prism.

Figure 3. Schematic for dual channel color and NIR prism camera. Source: Stemmer Imaging

Short Wave Infrared (SWIR) Imaging
Short wave infrared (SWIR) ranges from around 1 - 5µm, although many cameras are optimized to operate in
the 0.9 – 1.7µm region. These cameras need special detectors such Indium Gallium Arsenide or Mercury
Cadmium Telluride. SWIR cameras produce monochrome images similar in resolution and detail to those from
visible light but there are fewer commercial optical glasses available for lenses in this waveband. These glasses
generally o�er low dispersion which further decreases with increasing wavelength, so some elements of more
expensive, high dispersion specialty glasses may be needed to produce achromatic lenses. Crystalline infrared
materials, such as zinc selenide and calcium fluoride, o�er high dispersion performance, but these are much
less mechanically robust than glass and also more expensive, so most SWIR lenses continue to be made from
glass with anti-reflective coatings. Water strongly absorbs light in the SWIR region, leading to a host of
moisture distribution detection applications in farming and agriculture as well as checking fill levels of
aqueous liquids in bottles. The transparency of silicon to SWIR radiation enables subsurface semiconductor
and solar cell inspection including the detection of impurities in semiconductor crystal ingots and cracks in
polycrystalline material while in recycling, plastic materials can be di�erentiated. The distinctive “fingerprints”
resulting from the selective absorption of SWIR wavelengths by organic materials and plastics according to
their composition can be used to uniquely identify them using hyperspectral imaging. This combines infrared
spectroscopy with machine vision to produce images which are color coded according to the chemical
composition of the objects being imaged (Figure 4). SWIR imaging can also measure temperatures between 250
C and 800 C making it useful in the inspection of hot glass materials early in fabrication and in welding
applications.

Figure 4. The red area in the hyperspectral image reveals subsurface bruising not visible in the color image.
Source: Stemmer Imaging

Long Wave Infrared (LWIR) Imaging
The long wave infrared (LWIR) waveband ranges from 8-14 μm. LWIR cameras featuring microbolometer
sensors enable high accuracy surface temperature profile measurements up to 250 C using naturally emitted
radiation (thermography). Heat radiation can be detected over long distances, in total darkness, and also
through fog, dust, rain and smoke. Applications include surveillance, security and rescue and recently for
fever screening of humans during the Covid-19 pandemic (Figure 5). Industrial applications include
nondestructive and in-process testing. LWIR optics are generally made from germanium or chalcogenide
materials such as Ge33As12Se55. Chalcogenides have similar optical and mechanical properties to germanium
but di�erent refractive indices. They can be paired with germanium in an IR achromatic doublet lens but
comparatively low transmissibility makes broadband LWIR anti-reflective coatings essential to increase the
performance and durability of the lenses.

Figure 5. LWIR detection of elevated human body temperatures. Source: Automation Technology

UV Imaging
UV imaging systems o�er higher resolution capabilities than visible light, enabling submicron features to be
resolved. This is particularly useful for detecting scratches and defects on polished or highly specular surfaces
as well as very small surface details in products such as printed circuit boards, documents and credit cards. As
glass attenuates UV light, Quartz lenses can be used for both UV-A (320 – 400 nm) and UV-B (290-320 nm)
illumination and achromatic doublet lenses can be constructed.

Choosing A Lens
The wavelengths used in any machine vision application have significant implications in choosing the most
appropriate lens, with more complex lens designs needed for broader spectral ranges. However, other factors
must also be taken into account, including other defect and aberration corrections, as well as the physical
environment in which the lens will be used. With a vast range of lenses available on the market, it can be useful
to work with expert vision technology suppliers who can take a holistic approach to the imaging requirements.
For sure, no one manufacturer o�ers the right optical solution for all applications so independent advice is a
good first step.

Opening Image Source: Robin_Hoood/Creatas Video via Getty Images.

Mark Williamson is managing director of Stemmer Imaging Ltd in the UK and a member of Stemmer Imaging
AG’s senior leadership team. For more information, call +44 1252 780000, email m.williamson@stemmer-
imaging.com or visit www.stemmer-imaging.co.uk.
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MACHINE VISION 101VISION  &  SENSORS

Advancements In
Telecentric Technology
AS TELECENTRIC LENSES BECOME MORE COMPACT, THE OVERALL FOOTPRINT OF
VISION SYSTEMS WILL FOLLOW.  By Francesco Mondadori

The discipline of machine vision encompasses imaging technologies and methods to perform automatic
inspection and analysis in various applications, such as verification, measurement, and process control. Driven
by trends in Industry 4.0, machine vision has grown steadily over the past few years and now covers a wide
range of applications in the most disparate sectors: from automotive to pharma, from food and beverage to
electronics. Practically no sector has been le� out of this transformation.

Generally, it is possible to distinguish between two main types of machine vision applications:

Inspection, which involves shape or color defect detection, presence/absence and position checking,
and barcode reading.

Gaging, which involves passing from traditional systems to noncontact optical measurement.

It is in the latter that telecentric optics boast performance primacy when compared to standard entocentric,
fixed focal length lenses. The reason lies essentially in the optical design: While entocentric lenses accept a
diverging cone of rays (i.e., they work like our own eyes or the camera of a smartphone), telecentric lenses
accept only collimated ray bundles (i.e., rays that are parallel to the optical axis). Figures 1 and 2 show the
di�erence between telecentric lenses and common optics.

Figure 1. The design of a telecentric lens is such that similar objects at  different distances from the lens appear to have the
same size.

Figure 2. With entocentric optics, a change in the working distance is seen on the sensor as perspective error.

Telecentric Lenses
This feature that is peculiar to telecentric lenses o�ers benefits for measurement purposes, starting with
constant magnification; these lenses bring objects located at various distances into focus. While fixed focal
length lenses can cover wide fields of view (FOVs), their magnification varies over working distances (WDs) and
they are poorly suited to determining the true dimensions of an object. For example, images of two identical
objects located at slightly di�erent distances from the fixed focal lens will appear dissimilar and show an
apparent (but not real) di�erence in dimensions (the greater the distance, the smaller the image) in exactly the
same way our eyes work.

The elimination of perspective error is another important advantage of telecentric lenses and is particularly
useful when thick objects such as tubes are imaged. Of course, this advantage holds true as long as the objects
are in focus, which brings up another important point: Telecentric lenses feature a wide depth-of-field (DOF)
region. Field depth is the maximum acceptable displacement of an object from its best focus position. Beyond
this limit, the image resolution becomes poor because the rays coming from the object canʼt create su�iciently
small spots on the detector. A blurring e�ect occurs because geometrical information carried by the optical
rays spreads over too many image pixels.

Because of their design, telecentric lenses also display very low levels of distortion. Distortion is an optical
artifact that slightly changes the image dimensions of an object even if its distance from the lens doesnʼt
change. Low distortion makes telecentric lenses an excellent choice for measurement tasks.

The particular design necessary to obtain all of these features, however, has made telecentric lenses quite
bulky when compared with standard entocentric lenses. In fact, as a rule, the diameter of the frontal element
of telecentric lenses must be at least as big as the object to be imaged, since only rays parallel to the optical
axis are accepted and the length of the lenses varies accordingly. Of course, because of a scale e�ect, the
situation becomes critical when large FOVs are required.

Figure 3. Collimated versus diffuse backlight illumination. Noncollimated back illumination, with light coming from a variety of
angles (a); collimated back illumination, with parallel rays (b).

Collimated Lights
To further improve the performances of the measurement system, telecentric lenses can be coupled with
collimated illuminators (also called telecentric illuminators). The use of telecentric illuminators is required in
several cases:

Accurate edge-detection and defects analysis in silhouette imaging.

High-speed applications, because high throughput — when combined with telecentric lenses — allows
for only very short exposure times.

Measurement of reflective cylindrical objects, because di�use backlights can generate undesired
reflections from the edges, making the objects look smaller than they are and leading to inaccurate
measurements. Collimated rays typically are reflected less and thus eliminate this “border e�ect.”

The use of collimated light in combination with a telecentric lens brings two advantages (Figure 3). First, the
DOF can increase up to 20% to 30%, even if there are several other influential factors, such as the type of lens,
the wavelength of light, and the camera s̓ pixel size. Second, because of excellent light coupling, the distance
between the object and the light source can be increased as needed without a�ecting image quality. These
advantages, however, come at the expense of the overall footprint of the system: Bulk is doubled when
coupling telecentric lenses and lights.

Figure 4. A comparison between a standard telecentric lens (left) and the compact version for the same FOV (right).

Recent Advancements
Recent advancements in optical design have enabled the surmounting of limitations inherent in telecentric
optics, creating ultracompact lenses and illuminators that drastically downsize the dimensions of vision
systems (Figure 4). As is o�en the case, the inspiration comes from a di�erent field — astronomy, and,
specifically, telescopes, which provide a perfect example of very large FOVs imaged in a relatively small space.

Because of a catadioptric design, the overall footprint of a vision system can be reduced up to 50% with:

A decrease in the physical dimensions of the optics.

A reduction in the WD.

For example, a standard telecentric lens for an FOV of ~200 mm is ~600 mm long and has a WD of ~520 mm. A
compact version for the same FOV would have a length of ~350 mm and a WD of 340 mm.

Figure 5. Comparison of precision measurement systems with “classic” telecentric lens and light VS compact version for the
same FOV

An even greater downsizing is possible with the combination of telecentric lenses and illuminators, since the
e�ect is doubled. In fact, the overall footprint of the system can be reduced up to 50% (Figure 5) because of
the perfect coupling of the light produced by the illuminator and the rays accepted by the lens.

Furthermore, when lightweight materials are accurately chosen and special attention is paid to the design
process, the dimensions and the weight of the vision system can significantly decrease thanks to this new
technology. In fact, combining the aforementioned lightweight materials with the capability to directly clamp
lenses and illuminators, without the need for dedicated complex and heavy mechanics, the overall weight of
the system can be halved.

The perfect synthesis of a smaller overall footprint with reduced weight gives these new ultracompact
telecentric lenses significant advantages. Manufacturing costs are reduced thanks to lower material
consumption and because installation is easier and cheaper. The space requirements are greatly reduced for
both storage and use. Moreover, shipment expenses and transportation risks decrease significantly because of
the smaller size.

Finally, this new technology enables telecentric systems to fit in many places where it was once impossible.
Before, suboptimal solutions were o�en used, including partial imaging of the sample, multilens systems, or
movement of the sample/lens. These measures are no longer required with the advent of ultracompact
telecentric optics.

Importance Of Calibration
Nothing comes for free, however, and in this case, there is also the other side of the coin to consider. Any real
lens introduces some geometric distortion that is generally radially symmetric, as a reflection of the radial
symmetry of the optics. The two main kinds of radial distortion are barrel and pincushion. With barrel
distortion, the magnification of the image decreases as the distance from the optical axis increases, giving the
impression that the image is wrapped around a sphere. With pincushion distortion, magnification increases
with the radius, thus lines that do not pass through the center of the image are bent inward like the edges of a
pincushion.

These concepts apply for both telecentric and entocentric lenses, in general, but because of the innovative
optomechanical design of these new ultracompact optics based on curved mirrors, the arising distortion is not
radial, nor does it display any kind of symmetry. This can be an issue when dealing with precise measurement
applications, where a calibration of the lens is needed to achieve the desired performances. In fact, despite the
very low levels of distortion with telecentric lenses, this value must be as close to zero as possible to achieve
optimal results. Traditional algorithms are based on the assumption that the distortion is radially symmetric,
which can be expressed as a function of the distance from the optical axis:

dist(R)=a+b·R+c·R2+⋯

Because this is not the case for these more compact lenses, a di�erent approach must be used. Recently
developed calibration tools can perform a correction of the acquired image based on a local remapping
without, for example, any assumption on the shape of the distortion. For instance, from a single picture of a
chessboard pattern covering the whole FOV, it is possible to obtain all the information needed to get rid of
distortion. The typical procedure can be planned as follows:

Acquisition of a single image of the calibration pattern (o�line).

Creation of a distortion map from the picture (o�line).

Saving of the distortion map on a reference file (o�line).

Correction of the distortion on every new image acquired, recalling the saved distortion map (online).

Future Perspectives
The advancements discussed open a wide range of new possibilities for telecentric optics. With extreme
compactness, reduced weight, and excellent optical performances, these new lenses and illuminators can
solve numerous tasks that were previously unthinkable. Furthermore, the design concept behind these optics
can be exploited to expand the range of FOVs virtually infinitely. Finally, the concurrent advancements in
so�ware pave the way for a future in which its symbiosis with hardware will drastically extend the range of
possible uses.

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

All Figures Courtesy of Opto Engineering®

Francesco Mondadori has a master’s degree in materials and production engineering from the University of
Trento in Italy. He is product manager and business developer for telecentric and macro lenses at Opto
Engineering®. For more information, email press@opto-e.com or visit www.opto-e.com.
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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, sheets, tiles, and much more. Ranges up to 30 feet, accuracy to +/-.002
inches. We also manufacture linear encoders for thousands of applications. Made in USA

**Product Categories**

Automatic Gaging & Sorting Systems

Dimensional Measurement Equip.

Encoders

Gages, Electronic

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, Length of Travel

Measuring Machines

Noncontact Measurement Equip.

Readout Devices, Digital

Readout Devices, Digital

Sensors, Capacitive

Sensors, Inductive

Stages, Coordinate Measuring Equip.

Transducers, Linear Displacement

Turnkey Gaging Systems

Video Inspection Systems
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AlisQI

P.O. Box 8371 
 Utrecht, OUS 3503 RJ 

 31-85-7600975 
 info@alisqi.com 
 https://www.alisqi.com

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

AlisQI is an easy to implement and integrate, flexible and cloud-based Quality Management platform.
We enable manufacturing companies to make their quality management data driven, automated and
omnipresent. More than 70 factories worldwide use our platform for Quality Control, Quality
Assurance and QESH management. We help our customers to reduce waste by up to 15%, increase
their quality level and save up to 20% on time.

**Product Categories**

Corrective Action Tracking Systems

Document Control

Quality Alert Notification

SPC/SQC & Statistical Analysis

Total Quality Management
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American Society for Nondestructive Testing (ASNT)

1711 Arlingate Ln. 
 Columbus, OH 43228 

 (614) 274-6003 
 customersupport@asnt.org 

 https://www.asnt.org 
 

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

Serving more than 22 000 members and certificate holders worldwide, ASNT, based in Columbus,
Ohio, is the largest technical society for NDT professionals. ASNT certification and standards
programs, publications, conferences, education, membership, and professional development
programs are the foundation for expanding awareness of advancements in NDT. Governed by a
volunteer group of officers and directors, ASNT is organized by councils representing interests
relating to certification, engineering, research, education, and section operations.

**Product Categories**

Management Service Certification

NDT Services

Nondestructive Test (NDT) Equipment

Training, Certification
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CAPTURE 3D

Corporate 3207 S. Shannon St. 
 Santa Ana, CA 92704 

 (714) 546-7278 
 info@capture3d.com 

 https://www.capture3d.com 
 

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

CAPTURE 3D is a leader in innovative 3D metrology solutions that optimize 3D scanning, inspection,
and reverse engineering applications for product development, manufacturing, and production.  Our
advanced technology and intelligent software quickly obtains accurate full part geometry to rapidly
solve engineering issues, prevent future problems, eliminate costs/iterations, while improving quality.

**Product Categories**

3-D Measurement Services

Benchmarking

CMM Inspection Services

Capability Studies & Statistical Analysis, Gage R&R

Capability Studies & Statistical Analysis, SPC

Coordinate Measuring Machines (CMM), Portable

Coordinate Measuring, Inspection Services

DMIS/Computer & CAD Based Inspection

Dimensional Inspection Services

Dimensional Measurement Equip.

First Article Inspection Services

Geometric Dimensioning & Tolerancing (GD&T)

Geometric Dimensioning & Tolerancing Services

Geometry Measurement Equip.

Laser Measurement Systems

Laser-Based Measurement Equip.

Lean Manufacturing

Measuring Machines

Metrology Services

NDT Services

Noncontact Inspection Services

Noncontact Measurement Equip.

Nondestructive Test (NDT) Equipment

Optical Measurement Equip.

Optical Scanners

Part & Tool Inspection Services

Probes, CMM

Problem Solving

Process Control

Process Control

Process Control Equip.

Quality Function Deployment

Quality Management Services

Reverse Engineering Services

SPC/SQC & Statistical Analysis

Scanners, 3D Scanning Equip.

Scanners, White Light Scanners

Sensors

Shape Metrology

Smart Cameras

Software

Statistical Process Control

Strategic Quality Planning

Surface Analysis Equip.

System Integrators

Vision Systems
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Geoform Inc.

16832 Gramercy Pl. 
 Gardena, CA 90247 
 (424) 292-3407 

 info@geoform.com 
 https://www.geoform.com

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

In business since 1986, specializing in dimensional inspection / first article inspection, reverse
engineering, and 3-D scanning. Our clients range from small job shops and manufacturers to leading
firms in commercial, industrial, defense, automotive, medical, and aerospace markets.  ISO 9001
registered, AS9100 certified, ISO 17025 & NADCAP M&I accredited.

**Product Categories**

3-D Measurement Services

CMM First Article Inspection Calibration

CMM Inspection Services

Capability Studies & Statistical Analysis, Gage R&R

Capability Studies & Statistical Analysis, PPAP

Capability Studies & Statistical Analysis, SPC

Coordinate Measuring, Inspection Services

Dimensional Inspection Services

First Article Inspection Services

Form & Roundness Testing Services

Form/Shape/Surface/Contour Calibration

ID/OD Measurement Services

Laboratories

Laser Inspection Services

Management Service Certification

Metrology Services

Noncontact Inspection Services

Part & Tool Inspection Services

Reverse Engineering Services
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Hoto Instruments

3100 Dundee Rd., Ste. 707 
 Northbrook, IL 60062 

 (847) 564-2260 
 info@hoto-instruments.com 

 https://www.hoto-instruments.com

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

Hoto Instruments offers durometers and manual or motorized constant load stands, digital torque
screwdrivers and wrenches, torque testers and checkers for manual torque wrenches, electric drivers
and impact tools, LED stroboscopes, digital tachometers and speed meters. Hoto Instruments is ISO
9001certified and ISO/IEC 17025 accredited with a knowledgeable sales/engineering staff.  

**Product Categories**

Creep Testers

Durometers

Encoders

Hardness Testers

Indicators, Speed

Stands, Test

Stroboscope Equipment

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Ultraviolet (UV) Equipment
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Imada Inc.

3100 Dundee Rd., Ste. 707 
 Northbrook, IL 60062 

 (800) 373-9989 
 imada@imada.com 

 https://www.imada.com 
 

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

Imada, Inc. specializes in mechanical and digital force gauges, manual and motorized test stands,
digital torque screwdrivers, wrenches, torque testers and LED stroboscopes. Backed by our
customer service plan: Knowledgeable, experienced sales/engineering staff; Custom applications;
Fast delivery ; Fast calibration/repair.  ISO 9001 registered and ISO/IEC 17025 accredited.

**Product Categories**

Adhesion & Bond Strength Testers

Bond Testers

Cable Testers

Calibration Equip., Force

Compression Testers

Creep Testers

Durometers

Friction Testers

Gages, Force

Hardness Testers

Indicators, Speed

Materials Test Equipment

Meters, Tension

Nondestructive Test (NDT) Equipment

Plastics Test Equipment

Shear Testers

Spring Testers

Stands, Test

Stroboscope Equipment

Tensile Testers

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Universal Testing Machines

Wire Crimp Pull Tester
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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.

**Product Categories**

Calibration Labs

Dead Weight Tester Calibration

Dimensional Inspection Services

Dimensional Measurement Equipment Calibration

Durometer Calibration

Force Calibration

Gage Block Calibration

Hand Gage Calibration

Hardness Tester Calibration

Mechanical Testing Services

Metrology Services

Repair Services

Surface Plate Calibration

Thread Inspection Services

Torque Calibration
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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**

CMM Calibration

CMM Inspection Services

Coordinate Measuring Machines (CMM), CNC/DNC

Coordinate Measuring Machines (CMM), Calibration Services

DMIS/Computer & CAD Based Inspection
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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**

Adhesion & Bond Strength Testers

Bond Testers

Calibration Equip., Force

Calibration Labs

Compression Testers

Creep Testers

Dynamometers

Flexure Testers

Friction Testers

Gage Repair

Gages, Force

Gages, Strain

Indicators, Torque

Load Cells

Materials Test Equipment

Meters, Tension

Nondestructive Test (NDT) Equipment

Plastics Test Equipment

Repair Services

Shear Testers

Spring Testers

Stands, Test

Stiffness Testers

Tear Testers

Tensile Testers

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Torsion Testers

Transducers, Torque

Universal Testing Machines

Wire Crimp Pull Tester
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MARPOSS
3300 Cross Creek Pkwy.

 Auburn Hills, MI 48326
 (248) 364-2718

 marposs@us.marposs.com 
 www.marposs.com

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

Marposs is a leading global supplier of precision metrology equipment for improving productivity and
reducing cost in manufacturing. Our shop-floor solutions include manual and automatic gages,
compensation systems; touch probes, laser toolsetters; sensors; hardware & software for data
collection & analysis; NDT systems and Machine Monitoring Solutions (MMS).

**Product Categories**

Analog Indicators

Automatic Gaging & Sorting Systems

CMM Programming/Simulation

Coordinate Measuring Machines (CMM), Probes & Styli

Detectors, Broken Tool

Dimensional Measurement Equip.

Eddy Current Test Systems & Equipment

Fixtures, Gaging

Gage Calibration/Management

Gage Masters

Gage R&R

Gage Repeatability

Gages, Air ID Measurement

Gages, Air OD Measurement

Gages, Angle Measurement

Gages, Automatic Size Control

Gages, Bore

Gages, Chamfer

Gages, Depth

Gages, Dial Indicator

Gages, Dial Indicator Snap

Gages, Electronic

Gages, Electronic Column

Gages, Electronic ID Measurement

Gages, Electronic OD Measurement

Gages, Electronic Snap

Gages, Fixed Limit (Go/No-Go)

Gages, Fixed Limit Plug

Gages, Fixed Limit Ring

Gages, Fixed Limit Thread

Gages, Fixture & Special Tooling

Gages, Flatness

Gages, Flush

Gages, Gear

Gages, Geometry

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, In-Process

Gages, Plug & Ring, Cylindrical

Gages, Plug & Ring, Thread

Gages, Spline

Gages, Thickness, Electronic

Gages, Thread, Indicating

Gear Inspection System

Gear Measurement Equip.

Geometric Dimensioning & Tolerancing (GD&T)

Geometry Measurement Equip.

Indicators, Dial, Contact Points

Indicators, Mechanical Dial & Electronic

Laser-Based Measurement Equip.

Leak Detection Equipment

MultiSensor Measuring Machines

Noncontact Measurement Equip.

Nondestructive Test (NDT) Equipment

Optical Measurement Equip.

Probes, Touch-Trigger

Process Control Equip.

Readout Devices, Digital

Roundness/Cylindricity Measurement Equip.

SPC/SQC & Statistical Analysis

Surface Analysis Equip.

Transducers, Linear Displacement

Turnkey Gaging Systems
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Q-Mark Manufacturing Inc.

30051 Comercio
 Rancho Santa Margarita, CA 92688-2106

 (949) 457-1913
 sales@cmms.com 

 www.cmms.com

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

SAME-DAY STYLI. Q-Mark Manufacturing Inc. offers same-day order fulfillment on machine tool &
CMM probe styli. Proudly made in the USA and unconditionally guaranteed since 1992. The Q in Q-
Mark stands for quality. We are ISO 9001:2015 certified. Order online at CMMS.com. Q-Mark
Guarantee: The Q in Q-Mark stands for quality. We are committed to doing it right the first time.

**Product Categories**

Ceramics, Metrology

Coordinate Measuring Machines (CMM), Probes & Styli

Probes, CMM
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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, first articles,
reverse engineering, 3D scanning & analysis, profilometry. Products include a full line of measuring
instruments and systems. ISO 9001 registered, AS9100  & ISO 13485 certified, & ISO 17025
accredited.

**Product Categories**

3-D Measurement Services

AS-9100, Consulting

AS-9100, Training

Adhesion & Bond Strength Testers

Analog Indicators

Analysis/DOE

Automatic Gaging & Sorting Systems

Borescopes, Video

CAD/CAM

CMM Calibration

CMM First Article Inspection Calibration

CMM Inspection Services

CMM Programming/Simulation

CNC Controls & Digital Readouts

CT Scanning Services

Calibration Equip., Mechanical

Calibration Labs

Calipers

Capability Studies & Statistical Analysis, Gage R&R

Capability Studies & Statistical Analysis, PPAP

Capability Studies & Statistical Analysis, SPC

Compression Testers

Consulting Services

Contour Analysis

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

Coordinate Measuring, Inspection Services

Cylindricity Measurement Equip.

DMIS/Computer & CAD Based Inspection

Dimensional Inspection Services

Dimensional Measurement Equip.

Dimensional Measurement Equipment Calibration

Failure Analysis Services

First Article Inspection Services

Fixtures, CMM

Fixtures, Gaging

Flatness Testers

Flexure Testers

Force Calibration

Form & Roundness Testing Services

Form/Shape/Surface/Contour Calibration

Gage Blocks

Gage Masters

Gage R&R

Gage Repeatability

Gage Stands

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 Profiling

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 Inspection Services

Gear Inspection System

Gear Measurement Equip.

Geometric Dimensioning & Tolerancing (GD&T)

Geometric Dimensioning & Tolerancing Services

Geometry Measurement Equip.

Graphics

Hard Gage Calibration

Hardness Testers

ID/OD Measurement Services

ISO 13485, Consulting

ISO 13485, Training

ISO 9001: 2015, Consulting

ISO 9001: 2015, Training

Indicators, Mechanical Dial & Electronic

Laboratories

Laser Inspection Services

Laser Measurement Systems

Laser-Based Measurement Equip.

Load Cells

Machine Vision Equipment

Management Service Consultants

Measuring Machines

Mechanical Testing Services

Metrology Services

Micrometers

Micrometers, Bench

Micrometers, Thread

Microscopes, General Purpose

Microscopes, Measuring

MultiSensor Measuring Machines

Noncontact Inspection Services

Noncontact Measurement Equip.

Optical Comparator Charts

Optical Comparators

Optical Comparators, Accessories

Optical Equipment Calibration

Optical Measurement Equip.

Optical Scanners

Other Calibration Services

Other Management Services

Other Software Applications

Other Testing, Inspection, Measurement Services

Part & Tool Inspection Services

Plates, Surface

Probes, CMM

Probes, Touch-Trigger

Problem Solving

Process Control

Process Control

Quality Management Services

Reverse Engineering Services

Roundness/Cylindricity Measurement Equip.

Scanners, 3D Scanning Equip.

Scanners, Laser Scanners

Scanners, White Light Scanners

Sensors

Sensors, Optical

Shape Metrology

Software

Spring Testers

Spring Testing Services

Stages, Coordinate Measuring Equip.

Stands, Indicator

Statistical Process Control

Stiffness Testers

Strategic Quality Planning

Surface Analysis Equip.

Surface Contour & Profile

Surface Finish & Texture

Surface Finish Analysis Services

Surface Finish Equip., Averaging

Surface Finish Equip., Profiling

Surface Plate Calibration

Surface Waviness

Tapes / Rules, Measuring

Tear Testers

Tensile Testers

Thickness Testers, Coating

Thickness Testers, Ultrasonic

Thin Film Measurement Equip.

Thread Inspection Services

Training

Training & Consulting Services

Training, Geometric Dimensioning & Tolerancing

Training, Metrology

Training, Quality

Turnkey Gaging Systems

Universal Testing Machines

V-Blocks, Straight Edge

Video Accessories

Video Inspection Systems

Video Machines & Systems

Videoscopes

Vision Inspection Systems

Vision Inspection, Components/Peripherals

Vision System Integrators Services

Vision Systems

X-ray Machines
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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**

Analysis/DOE

CMM Programming/Simulation

Failure Mode & Effects Analysis (FMEA)

Gage R&R

Gage Repeatability

Graphics

Other Software Applications

Process Control

Quality Function Development (QFD)

Regression Analysis

SPC/SQC & Statistical Analysis

Six Sigma

Total Quality Management

Training

Click Here
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Buyers Guide Premium
Sponsorships

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

BACK
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Buyers Guide Premium
Sponsorships

Western Gage Corp.

3316-A Maya Linda
 Camarillo, CA 93012-8059

 (800) 423-5062
 sales@westerngage.com 

 www.westerngage.com

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

Western Gage Corporation, Manufacture of Dimensional Air & Electronic Gages, Custom Gages and
Fixtures along with State of the Art Air Gage Readouts. Providing the industry with Custom
Production Gaging Solutions since 1968.

**Product Categories**

Dimensional Inspection Services

Gage Masters

Gage Repair

Gages, Air ID Measurement

Gages, Air OD Measurement

Gages, Air Snap

Gages, Angle Measurement

Gages, Fixed Limit (Go/No-Go)

Gages, Fixed Limit Plug

Gages, Fixed Limit Ring

Gages, Flatness

Gages, Plug & Ring, Cylindrical

ID/OD Measurement Services

Click Here

BACK
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