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Introduction: Unlocking your factory’s smart potential 

The smart factory is one of the biggest 
discussion points in manufacturing. 

The fourth industrial revolution promises 
numerous transformations. Fully digitised  
shop floors delivering unprecedented levels  
of productivity. Autonomous processes  
enabled by robots and artificial intelligence. 
Self-optimising systems and machines. 
Streamlined, real-time data communication, 
eliminating operational silos and connecting  
an enterprise’s plants around the globe. 

It’s an exciting vision of a future that’s fast 
approaching. Yet for many manufacturers the 
road to digital transformation might sound a 
little daunting. 

But the digital transformation journey isn’t all 
about looking ahead. The potential of the smart 
factory already exists on your shop floor and in 
your current quality systems. 

This eBook is all about how to look at your 
existing coordinate measuring machines 
(CMMs) in a new way and find the most valuable 
opportunities based on small-scale changes.

This is all about the smart factory journey 
made smarter: a small-step philosophy for 
incremental transformation and productivity 
gains. Let the journey begin. 

The smart  
manufacturing vision 
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Your current technologies play a key role in the  
smart manufacturing journey 

When we in the industry talk about the 
smart factory, terms that may sound a little 
grand inevitably enter the discussion. Digital 
transformation. Fourth industrial revolution or 
industry 4.0. Autonomous manufacturing. These 
ideas and terms are important because they give 
an accurate impression of how the smart factory 
operates and the huge impact it will have on 
manufacturing processes and productivity.  
They help to emphasise that, as the smart factory 
becomes more widespread, manufacturing is 
going to look very, very different. 

The potential problem is that when a 
transformation sounds big or dramatic then we 
might be inclined to think that the process of 
that change is similarly grand. There’s a tendency 
in the popular imagination to think about major 
transformations in terms of a single cataclysmic 
event. How many people if asked about the 
second industrial revolution would talk about 
Ford’s assembly line? Or would see apples falling 
on Isaac Newton’s head when asked about the 
‘discovery’ of gravity? Likewise, ‘industry 4.0’ 
might conjure visions of robots whizzing round 
factory floors, transporting parts to autonomous 
machinery – all as if it happened overnight. 

This might be a handy cognitive trick our brain 
uses to help make complicated transformation 
easier to understand. It could also help us 
visualise our goals and motivate us. But when we 
take a step back, we remember the process and 
the end goal are two different things. Historians 
would say that scientific and technological 

revolutions are a cumulative process of building 
upon previous discoveries and work. Typically, 
smart manufacturing is a similar story of 
incremental change. 

As well as the visions of overnight change, some 
might think of the smart factory journey as a 
great beast of a transformation project, eating 
up money and time. Some organisations will aim 
to use their vast resources to smoothly deploy 
a wide range of new technologies and systems 
in a relatively short-time frame. But for many 
organisations this isn’t the smartest route to the 
smart factory. Whether it’s due to operational 
needs, resources, or business objectives, many 
organisations will take a more step-by-step 
approach to smart manufacturing. This will involve 
smaller, concentrated transformation activities 
that lead to incremental productivity gains. 

The first step is to get a clear outline of the 
business's key objectives and, bearing these  
in mind, look in fine detail at the end-to-end  
manufacturing process: the different 
departments and their operations, pain points, 
KPIs, technologies and systems. It’s not about 
asking what can be automated or enhanced, 
but where does the most value lie? How will 
automating this process help us achieve 
these business goals? How will enhancing this 
machine alleviate these pain points to generate 
greater value for the business? Yes, often when 
we talk about the smart factory we are thinking 
not only of entire plants but entire enterprises 
connected across its factories. But when the 
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CFO is talking about the smart factory, they are 
likely more interested in the ROI on a specific 
automation initiative. 

It’s also important to note that smart 
manufacturing doesn’t mean ‘out with the old, 
in with the new’. Part of identifying where the 
value lies is seeing where you can maximise 
the performance of current systems and 
technologies. Futuristic visions aside, the smart 
factory looks back too, and part of its promise is 
to make your current technologies smarter. This is 
like music to the ears of the investment-conscious 
CFO and the operators that over the years have 
become experts in using a particular machine. 

What does this process look like in practice? 
Let’s say that OEM X, a manufacturer of display 
screens for tablets and smart phones, has 
recently taken on some high value customers. 
It’s great news for profitability, but KPIs suggest 
current capacity won’t meet new throughput 
demand. As part of a taskforce to identify how 
throughput can be increased, OEM X’s director 
of quality reviews asset performance data 
and traces reduced output to a slower older 
coordinate measuring machine. 

One option is to bring in a new CMM. Another 
option is to assess what can be achieved with a 
CMM upgrade. After consultation, the director 

finds that inspection and programming times 
can be shortened on the old CMM by upgrading 
the metrology software, replacing the CNC 
system, and adopting a new control interface. 
They push productivity further by deploying 
smart asset monitoring software, that allows 
operators to remotely monitor the machine and 
move onto more value-added work away from 
the CMM. What’s more this software can be 
used to collate CMM performance data across 
plants, allowing quality teams to identify spare 
capacity and maximise machine uptime. 

In this scenario, the team has helped increase 
throughput and contributed to these new 
business objectives while saving time and 
money. The CFO, the operators, and the new 
customers are happy. And the organisation 
has taken an important step in making their 
manufacturing smarter.

This is just one quite specific example in 
one department. These opportunities exist 
throughout the manufacturing process, across 
departments, systems, and technologies. The 
smart factory offers a revolutionary vision of 
manufacturing, but when pursuing that vision 
we can’t overlook the systems and technologies 
that enable today’s productivity. They will play 
a fundamental role in the step-by-step journey 
towards the smart factory of tomorrow.  
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We’ve explored how smart manufacturing  
can be an incremental journey and how your 
current metrology systems drive successful 
digital transformation. So what does this look 
like in practice?

As previously discussed, first you want to 
establish how the daily operations on the 
factory floor are serving (or hindering) business 
objectives. Go out on the shop floor and 
investigate the pain points. Where are the 
bottlenecks? What are machine operators 
struggling with in their daily work? What 

technology improvements are going to deliver 
the most value? 

A single technology upgrade can help make 
your manufacturing smarter. By making the 
connection between a metrology system and 
business objectives, it’s easier to make the 
investment that will deliver the best ROI.  
Of course, what this ROI looks like in terms of 
output is dependent on your business needs.  
It could mean faster throughput, increase in 
right-first-time, the ability to quickly leverage 
extra machine capacity and more. 

Upgrading to smart manufacturing step-by-step

Making your systems smarter
02
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For example, Soldar Ltd has secured new 
business to produce components for a high 
value OEM. Over time, it becomes clear that 
turn around is too slow. Soldar even sees 
a dip in on-time delivery and the customer 
indicates they will reduce orders if Soldar 
doesn’t start meeting the agreed schedule. 
Soldar investigates and identifies a significant 
bottleneck in the quality lab. Operators highlight 
the complexity of this new customer’s parts 
and the difficulty of alignment, which is proving 
time-consuming and prone to error. 

Automating this process would help to make 
alignment faster, eliminate error, and drive quicker 
product output. Hexagon’s EYE-D uses a camera 
to automatically identify and align the part and 
launch the correct measurement routine. 

What’s more, the ability to integrate this data 
into other software systems could contribute to 
deeper analysis and subsequent improvements  
across quality control processes, enabling 
manufacturers to drive smart manufacturing in 
areas they might not have anticipated with this 
initial investment. 

A relatively simple technology upgrade like this 
can have a massive impact on KPIs, and the 
opportunities are there throughout the quality 
process. Sometimes they might be hard to miss 
because the pain point might appear relatively 
minor if the problem isn’t visible outside the lab. 
For example, say a CMM operator is constantly 
having to move between the desktop and the CMM 
when they need to switch between controlling 
the CMM and using software applications. To 
some, it might sound like a mild inconvenience 
or a ‘usability’ issue. But besides making your 
operator’s life easier, addressing this issue could 
significantly cut costs via reduced cycle times. 

Across an organisation’s CMM operators, that 
time spent moving between the desktop and the 
CMM accumulates day by day, week by week, 
year by year. A simple upgrade to a wireless 
system interface, like Hexagon’s Digital Control 
Center (dCC), allows the operator to access 
a full-range of metrology applications from 
anywhere around the CMM. Over time, this 
translates into sizeable time savings, helping an 
organisation to improve its throughput. 

As well as supporting business objectives and 
a range of KPIs, these incremental technology 
upgrades also prime your quality processes for 
greater autonomy, another important step in the 
smarter manufacturing journey.
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Driving autonomy and efficiency with smarter,  
collaborative CMM technology

A Deloitte study study found that smart factory 
initiatives have given companies 12% labour 
productivity gains in the past three years. This 
could 'grow at a compound annual rate of 2.3% 
during 2025-2030'. Where can manufacturers 
find these opportunities in the metrology lab? 

Making quality smarter requires the adoption of 
solutions that cut down manual work and offer 
users deeper insights. This gives CMM users 
a) more time for tasks that add value and b) 
data that helps improve quality processes and 
machine use. 

There are also significant opportunities to 
continue driving productivity when the 

user needs to be working at the CMM. If 
manufacturers measured the time operators 
lose moving constantly between a desktop PC 
and the CMM, I think the data would show how 
this accumulates to be a significant productivity 
loss. But why should this be the case? It's 
sometimes said that there is a gap between 
the user experience of consumer goods and 
industrial products. But you only need to look 
at smart phones to see that there should be 
no technological barrier to enabling instant 
application access and greater portability. In 
fact, these enhanced usability qualities are 
increasingly being introduced in the metrology 
market and, with wireless control systems, it is 
clear the imbalance is being addressed. 

https://www.hexagonmi.com
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So far we have explored the importance of 
collaboration between technology and CMM 
users. However, there will inevitably be times 
when CMM operators are unavailable, but the 
machine still needs to be in operation to maintain 
production targets. For example, perhaps 
customer demand has necessitated an overnight 
shift and no operator is available. Regardless of 
resource availability, lights out manufacturing 
will be a key objective for many manufacturers 
over the coming years. Transformation projects 
within organisations’ quality departments will 
increasingly focus on adopting technologies 
and CMM accessories that enable autonomous, 
interruption-free inspection, such as Hexagon’s 
automated part-loading solution TEMPO. 

A key theme running through these efficiency 
initiatives is the importance of utilising synergic 
systems that give CMM users the flexibility 
they need to drive productivity whether at 
the CMM or remotely. All the while, operators 
need access to the data they need to make 
the right decisions at the right time. By using 
more collaborative systems, quality teams can 
help make manufacturing smarter. In today's 
industry, this will make a big difference - today 
and in the years to come.

Increasing automation 

A great deal has been written about the 
concerns surrounding automation and how 
it will impact jobs in manufacturing. But 
while manufacturers do need to increase 
automation, automation solutions should work 
in collaboration with the CMM user. The skills of 
the CMM operator are irreplaceable. Increasing 
automation shouldn’t be about replacement 
but ensuring that the user has more time to 
dedicate to less repetitive and more value-
added tasks away from the CMM.  

Of course, one of the risks of working away  
from the CMM is unexpected issues such as a 
probe collision or a change in environmental 
conditions that can impact measurement 
results. CMM users can’t reap the benefits of 
working autonomously if events like these go 
undetected and cause downtime or reduce 
data integrity. That is why real-time, remote 
CMM monitoring solutions are crucial to 
maximise productivity. By recording insights 
into CMM status and environmental events, 
such as changes in vibrations, humidity, and 
air pressure, such solutions give operators 
the confidence that they can work remotely, 
knowing that they will receive real-time 
notifications if any problems occur.
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How to monitor your CMM’s performance for continuous improvement

Overall equipment effectiveness (OEE) is an 
important measure of machine performance and 
an important indicator of a factory’s smartness. 
It can be calculated either for a single CMM or for 
a set of CMMs, over various periods of time. An 
understanding of a CMM’s OEE can help reduce 
spending on maintenance while achieving better 
overall machine performance and efficiency. 
But to effectively track OEE it’s important that 
your asset management system and metrology 
software can deliver the answers you need in an 
easy-to-use format.

OEE is expressed as a percentage and is 
calculated using the formula: OEE = Availability 
x Performance x Quality. Asset management 
software should simplify this task for operators 
and managers by drawing important data about 
the CMM’s availability, performance and quality 
from the system’s metrology software. But there 
are still a number of factors operators need to 
consider when establishing an accurate OEE.

Maintaining smart 
manufacturing

03
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Getting availability right

It’s important to calculate availability on the 
basis of scheduled time and operating time. 
Scheduled time is when a machine’s use is 
anticipated during a shift and excludes planned 
holidays and scheduled shutdowns. Operating 
time is the amount of scheduled time that the 
equipment spends executing measurements 
and includes manual program execution time, 
such as one-off measurements or the creation 
of “manual alignments,” as well as automated 
program execution time. It does not include 
anything outside scheduled time, even if the 
machine is productive. These figures then feed 
into the standard equation: 
 
Availability = Operating time / Scheduled time

 
Performance measurement

Performance measures the capacity or speed 
at which the equipment is operating during 
scheduled time and compares the actual output 
of a system to a theoretical “ideal”, which 
is the shortest time required to complete a 
measurement program under ideal circumstances.

The ideal execution time is a fixed value that 
should be set for each CMM separately as it may 
vary based on an individual CMM’s performance 
characteristics for separate programs. 

For this reason, we recommend creating separate 
program documents within your metrology 
software for assets with different performance 
characteristics. The ideal execution time and the 
actual number of programs are used to calculate 
performance in the following equation:

Performance = (Programs Executed x Ideal 
Execution Time) / Operating Time 

 
Quality

Quality measures the CMM’s success in completing 
measurement processes during the scheduled 
time and is calculated using the equation:

Quality = Programs Successfully Executed / 
Total Programs Executed

“Programs successfully executed” is the number 
of program executions that completed all 
the intended measurements of the features 
belonging to the program, whereas total 
programs executed includes both programs 
successfully completed and cancelled programs. 

OEE is an important health indicator of any smart 
factory. It is also a valuable KPI for understanding 
the impact of the upgrades you are making on 
your digital transformation. Ultimately, measuring 
machine performance is a crucial step to 
continuously smarter manufacturing.
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The importance of maintaining your factory’s intelligence

Throughout this eBook we’ve discussed digital 
transformation as a journey. If there’s one thing 
we want you to take away from this eBook it’s 
that smart manufacturing is not necessarily a 
single digital revolution in your factory; it can 
be a step-by-step process using cost-effective 
upgrades to produce incremental efficiencies 
in your quality process and, in turn, savings for 
your business.

There is another key message. We talk about ‘the 
journey towards the smart factory’, but in truth 
smart manufacturing is not a destination that you 
reach then sit back and enjoy the view. Yes, there 
are objectives that you want to reach, whether 
that’s increased throughput, improving time-to-
market, or driving right-first-time manufacturing. 
But when you achieve these goals, the journey 
doesn’t end there.

And we’re not necessarily talking here about 
continuous improvement or aiming for the next 
level of productivity, although of course that is 
important for growth. What we’re talking about is 
maintaining the intelligence that you’ve achieved. 

In many ways, the smart factory is like the 
human brain. A multitude of different processes 
are connected and communicating across 
different regions. They are optimised for 
analysing data efficiently, making informed 
decisions based on that data, and using 
intelligence to adapt accordingly. But just as the 
brain needs the right nutrients, exercise and 
care to function at its best, the smart factory 
needs the right input and maintenance too. 

Of course, maintenance typically means to keep 
something in good working condition. When we 
hear the word in relation to quality systems, 

we might immediately think of repair work or 
preventative maintenance. Of course, these 
activities are important to avoid downtime 
and keep your machine and quality operations 
up and running. But ‘smart’ is in one sense 
a relative term; in the context of the smart 
factory, maintenance is also about keeping up 
with the latest advancements to stay smart.

Take metrology software, for example. As you 
read this, there is almost certainly a developer 
somewhere in the world working on some coding 
or testing out a new feature of their metrology 
software. Metrology software is continually 
evolving. New versions are released regularly, 
with enhanced capabilities, improvements, and 
bug removals. So what was smart metrology 
software a few years ago, might still be 
effective, but is no longer the smartest. What’s 
more, it is eventually unsupported.

That’s why maintenance is so important. It 
keeps systems running in the smartest way 
possible. It protects your investment so you 
keep getting returns, maybe even improving 
them. The smartest way to maintain your quality 
system is through a maintenance agreement. 
Guaranteed hardware and software maintenance 
not only means getting periodic support or timely 
repair work when you need it. With a software 
maintenance agreement (SMA), for example, it 
means always being up to date with the latest 
innovations. In the case of a Hexagon SMA, it 
means getting free trials of the latest software to 
see how it could improve your quality operations.

That’s the other key message we want you to 
take away: factories and brains are primed to be 
smart, but without the right care they can easily 
go the other way! Let’s make manufacturing 
smarter and keep it smarter. 
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