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1. Current State of Automated Inspection

A wide range of manufacturing industries such as the automotive industry are
supported by the outstanding capabilities of their manufacturing sites. The
world s attention is now focus on a future gui
4. 0° and -Smart Factory©°® that aim at a radical
automation and rationalization. The concept of Industry 4.0 was initially
proposed in Germany but many countries such as Japan with an extremely high
level of manufacturing capabilities have adopted its ideals early on. In those
countries, manufacturers have quickly recognized the limitations of human
operations and worked tirelessly to automate their manufacturing sites.

On the factory floor, manufacturing is carried out through a series of processes:
processing and machining, convey, assembly, and of course inspection.
Processing and machining parts, conveying them across the factory f loor and
assembling parts into a finalized product are processes that have been
automated at an early stage. Regarding the inspection process however , well
into this 21st century, many factories solely rely on the human eye for inspection ,
because automated machines have been unable to match its capabilities . This
trend is as pronounced as the size of the product is large, and this is especially

true in the automotive or aeronautics industries.

Why are the dimensional and visua | inspection processes not automated? This
is because the human eye has unique capabilities that are hard to match: a high
acquisition speed, a large field of view, a large dynamic range, a robust
operation in various light environments and the possibility to detect features
down to the 100 RBm range. Although automated visual inspection has been
massively introduced for the manufacturing of very small, low -profile parts like
semiconductor chips, this is not the case for larger objects such as the many

cast, forged and machined parts one finds in the engine or transmission of a car.

In order to implement a robust and automated inspection process on such
manufactured parts, it  is actually necessary to measure shape irregularities at
high speed, with high accuracy , while being completely impervious to the
ambient light of the factory floor. However, in -line measurement equipment
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with those high requirement has not been available until now, and the current
situation is such that manufacturers still largely rely on the human eye. As a

result, only about 20% of manufacturing sites rely on automated processes for

the inspection of medium and large parts, which has led to major issues for
manufacturers .

2. The Human-based Inspection, an Ongoing Crisis

There are specific reasons why manufacturers wish to steer away from
human -based inspection and automate their inspection process.

First, human -based inspection lacks stability and rel iability . A change in
inspector can lead to a change in assessment , and for the same part and defect
the same inspector can make different assessment at different times of the day

or night, depending on his physical and mental condition S.

Second, the short age of human resources is becoming a major issue , especially
in rapidly aging countries and regions such as Europe, Japan , but also China. | t
is thus becoming more and more difficult to secure inspectors every year.
Moreover, s ince inspectors are skilled technicians requir ing special training, itis
especially difficult to increas e the number of inspectors  and match demand
which induces significant hurdles at  manufacturing sites

Third, while there have been recent improvement s in the automation of
production and convey processes, manual inspectors remain  a fixed cost for
manufacturers. They require periodic training to ensure that the inspection level
does not decline, which increases maintenance costs and puts a heavy burden

on plant management.

Fourth , with the evolution of CAD design and CNC production, the level of
inspection require ment is getting higher and higher , and in an increasing
number of cases, the level of inspection is exceeding the limits of the human

eye.
Finally, the need to automate not only the inspection process, but also to
integrate this automated inspection process to the manufacturing chai n, is

rapidly increasing. The Industry 4.0 initiative in Germany and Manufacturing
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2025 in China have led to a global movement that all countries and
manufacturers need to reckon with. Those who fail to take advantage of this
major manufacturing revolution may well lose their competitive edge and face
a major management crisis  in the near future

3. WhyCa n Mdnufacturers Automate their Inspection Process?

There are several obstacles to automating inspection.  The first and foremost
is the required inspection speed. On the manufacturing floor, many parts are
inspected with a takt time of about one minute that puts a heavy burden on all
manufacturing processes . To implement the inspection process, t here are two
ways the dimensions of a part can be inspected, with drastically different
performance regarding speed : (i) contact inspection, in which a needle or other
tool probes the workpiece, and (i) non -contact inspection, in which lasers or
other means are usedto measure the part s di mensions. Wi
inspection method has a wide range of applications, its measurement speed is
typically limited . It is thus used for sampling inspection , but it is not suitable for
atotal inspection of all manufactured par ts. Thisiswhere non -contactinspection
comes into focus, a type of inspection that has been adopted for many small
and high -precision parts, such as semiconductor chips.

Conventional non -contact inspection methods that allow for defect detection
typically include camera -based image processing as well as laser -based
triangulation (Figure 1) , but these methods cannot be applied to large, highly
uneven parts such as the cast, forged and machined parts of a car .On one hand,
optic al cameras are affected by their light environment and it remains difficult
to obtain three -dimensional data with such a method. On the other hand,
triangulation suffers from shadowing effects when applied to uneven and
complex structures due to the angle between its incident and reflective light
(Figure 1 c). A more recently introduced method, the white -light focus or white -
light interferometry scanning method, has a very short working distance and a

very shallow depth of focus, which makes it unsuitable fo r inspection of large
and medium parts with highly complex shapes (Fig ure 1b ). As a result , with
existing technologies, the  scope of inspection that can be automated is limited

to small, flat parts, which greatly delays the automation of the inspection

pro cess.
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FIGURE 1. ADVANTAGE AND LIMITATIONS OF NON -CONTACT INSPECTION METHODS

4. A Nobel Prize Technology for a Revolution in Automated Inspection

This is where a novel non -contact inspection method comes into play: the
optical frequency comb, a concept that received the 2005 Nobel Prize in Physics
(Figure 1a) . This method uses a unique laser that presents a coaxial
configuration, meaning that both its incident and reflected light beams
propagate along the same axis: as a result , this method is not limited by
shadowing effect. In addition, the coaxial configuration together with the lon g
working distance of the optical frequency comb provide s the full 3D profile of
the most complex parts without limitations. Furthermore |, the system is capable
of acquiring up to 500,000 data points per second, which is drastical ly faster
than other methods and is optimal for the rapid measurement of large parts.

The interferential detection system of the optical frequency comb method
prevents the system from being affected by ambient light, making it ideal for

use on the manufacturing floor in any light environment. As shown in Figure 1,

this unique method gives access to the full 3D profile of highly complex parts

such as cyli nder heads , valve bodies , etc. (see Figure 2) where other methods
fail.
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FIGURE 2. A LARGE RANGE OF COMPLEX MANUFACTURED PARTS THAT CAN BE
AUTOMATICALLY INSPECTED BY THE OPTICAL COMB TECHNOLOGY

5. Whyls the Optical Comb TechnologyUseful?

A coaxi al | aser can measure the di sof-falnicght © o0b]
method, that is to say by measuring the time needed for the laser light to fly to

the object and back to its origin after reflection on the objecThes surf ac
time -of-flight method has been used  with normal monochromatic lasers but

suffers from a very poor accuracy. For example, i n order to accurately measure

a difference in distances ranging between 1 and 10 micrometers with a normal

laser, one would need to measure the tim e-of-flight difference at the

femtosecond scale, a time precision level that modern detectors cannot reach.

By contrast, the optical frequency comb laser expands the detection time scale

and drastically increases the accuracy of the measurement apparatus b y afactor
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50,000 . This allows for a measurement accur acy of 18Rm to 10R mM
maintaining a long working distance. It means that, in principle , optical

frequency comb s are the only technology that can measure distances with high

accuracy in a coaxial configuration. This is why optical frequency combs have a

unique advantage and can be leveraged to automate the inspection of complex

manufactured parts

6. Contradiction inBuilding an Automated Inspection Infrastructure

As we have shown above , automating the entire inspection process is going
to be essential for the future of factory management. However, this will require
an initial investment in (i) automated inspection machines, (i) an even greater
IT infrastructure than  ever before to analyze the  inspection data and implement
Al solutions, and (iii) human and financial resources . It is not realistic for
companies of all sizesto implement  such drastic changes on their manufacturing
sites. In fact, the hurdle is so high t hat the automated inspection equipment
you have invested in may become unnecessary as production lines are
consolidated every two or three years. Furthermore, the implementation of Al

requires big data, and it often takes a lot of time and money to complet e the
implementation of Al in a small  -scale production system.

The manufacturing floor is seen as creating a competitive advantage for
manufacturers, but i tis important to note that it is constituted of both  value -

added and non -value -added processes. Among those processes,t he inspection
process typically does not create value and should not be prioritized in terms of
financial and human investment . By contrast, i nvesting more people and money
in the productio n process, which is the core value -added process in any plant,
is an efficient way to gain a competitive advantage. As a result , while reducing
the number of inspectors, which is essentially a fixed cost, the initial investment

in inspection automation sho uld be as low as possible, and if the effect of the
investment in IT infrastructure, including Al, is not readily apparent, then it

should also be minimized .
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FIGURE 3. USE CASE FOR X T | SANSPECTION OUTSOURCING PLATFORM
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Key points:
On-site or off-site operation of XTIA's inspection systems
Digitalization & Automation
Inspection data shared across the supply chain
Part traceability
Certification before delivery

7. Inspection: from aCompetitive to aCollaborative Approach

The inspection process has historically been a competitive area for
manufacturers. One of the key points in future plant managementis to find out
how to build an external cooperation system for th is kind of "non -value -added °
inspection process, rather than looking at it as an integrated part of the
manufacturing floor. At XTIA, we are building such a service for companies of
all sizes, an inspection outsourcing platform that can be very flexible in terms

of budget and timeframe  (Figure 3) . XTIA firmly believes that such inspection
platform solutions can significantly resolve the above contradictions on the
manufacturing floor  while making the ideals of Industry 4.0 and S mart Factories

come true.
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