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Introduction 
Industrial manufacturers worldwide are in the midst of one of the most significant 
transformations in the history of product development. Commonly referred to as 
Industry 4.0 or smart manufacturing, this unprecedented digital transformation is 
prompting a shift from analog systems to data-fueled edge computing solutions that 
incorporate Artificial Intelligence (AI), intelligent automation, analytics, and more. The 
new solutions help improve process quality and reduce costs, enabling manufacturers 
to compete more effectively in the rapidly evolving global industrial market.

Manufacturers are exploring new approaches to operational processes focused 
on gaining the agility to adapt quickly as conditions change and innovate faster. 
In particular, many are looking at using AI, automation, sensors, and other 
technologies to identify defective parts before they can negatively impact 
downstream production. While new Industrial Internet of Things (IIoT) solutions 
have shown tremendous potential in this area and improved productivity and 
profitability more generally, the complications of integrating IT with OT systems 
have sometimes hindered their implementation. For example, many AI-driven 
systems capable of monitoring production quality through artificial neural 
networks are prone to high resource consumption. This can prevent these 
applications from running in an edge computing architecture or limit the number 
of parallel tasks that edge devices can execute. Recent advances have addressed 
these challenges, resulting in new, easier-to-integrate intelligent edge technologies 
with reduced computing requirements, such as Intel® Edge Insights for Industrial. 
These new solutions facilitate edge computing, helping to lower device costs, 
simplify the implementation of line quality inspection processes, and optimize 
those processes to be faster and more cost-effective. 

The Digital Capability Center Aachen, Germany was founded by McKinsey & 
Company and ITA Academy GmbH to help smooth manufacturers' transition to 
Industry 4.0 and deepen their understanding of the technologies involved. The 
center provides leading manufacturers with a testbed and a learning center where 
experts teach the technical, management, and people skills required to start, scale, 
and sustain a digital manufacturing transformation. The center’s model factory 
features real machines, products, and operators, including new technologies from 
Intel and other innovators. The factory offers manufacturers an opportunity to 
experience the latest IIoT- and AI-based solutions in action and evaluate how they 
might fit into the manufacturers' facilities and strategic plans. 

This paper will delve into two use cases highlighted at the Digital Capability Center 
that demonstrate the value and flexibility intelligent edge technologies bring to 
process quality.  
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The Digital Capability Center Aachen Selects 
Intel® Technologies 
The interdisciplinary Digital Capability Center team with 
engineers and industry experts from the Digital Capability 
Center and Intel chose two core functions for a single use 
case to showcase intelligent edge and AI-driven solutions that 
manufacturers can implement quickly and easily in multiple 
environments to improve quality inspection. The use case – 
printing custom wristbands – consists of two primary functions. 
The first focuses on process data-driven quality inspection in 
a high-value textile industry application, and the second on 
AI-powered machine vision for quality inspection of the printed 
wristbands. 

In the textile industry, minute changes in characteristics 
such as physical roundness and inner tension in yarns can 
significantly impact production quality. Because the changes 
are so small that the human eye cannot detect them in real-
time and current technologies are prone to errors, textile 
manufacturers are looking for new and better solutions. An 
AI-driven system capable of detecting yarn tension could 
ensure that the output conforms to the necessary shape 
and tension required for the next step of the manufacturing 
process, improving quality and significantly reducing the time 
needed to correct problems within the system.

With this idea, the Digital Capability Center team built a system 
for evaluating quality inspection of a warping beam based 
on real-time process data from yarn tension sensors. They 
relied on Intel’s Edge Insights for Industrial (EII) software 
as the basis for a neural network to provide in-line quality 
inspection using the data from the sensors. The network 
quickly identified quality errors and signaled human operators 

to take action. This led to a dramatic improvement in the 
quality of product inspection, reducing quality control actions 
by 50 percent, 20 percent reduction in scrap loss, and 25 
percent faster development due to instant access to quality 
levels.1 In addition, the human operator saw a significant drop 
in monotonous work. 

The foundation of the solution, Intel Edge Insights for 
Industrial software, comes as a market-tested software stack 
that enables manufacturers to securely ingest, analyze, and 
store video and time-series data. Based on an open and 
flexible microservices-based architecture, EII is optimized 
for Intel-based hardware and silicon solutions. It can handle 
sensor data ingestion, time series, video capture, and AI 
inference. EII makes it easy for manufacturers to adapt, 
extend, and scale their product quality systems with multiple 
reference implementations, as in this example.

Using another solution from Intel, the Intel® Distribution 
of OpenVINO™ toolkit, and an approach based on machine 
learning, the Digital Capability Center team also developed 
a new, AI-driven machine vision application to improve 
the quality of printed wristbands. Unlike traditional vision 
systems, which rely on developing a detection model that 
requires manually coding with explicit rules that specify a 
“good” part’s characteristics, a machine learning-powered 
vision system using the OpenVINO toolkit applies deep 
learning models. The deep learning neural networks reduce 
development time by automatically analyze images for their 
common characteristics, which are used to build up a set of 
rules to classify them, which happens for OK and NOK parts.  
Through an optimization process leveraging OpenVINO, 
the team was able to roughly double the overall system’s 
performance while reducing the CPU usage by 50 percent.1
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Figure 1. The yarn compiling machine with the addition of sensors, the Intel® Edge Insights for  Industrial (EII) software 
stack, and an Industrial PC (IPC) comprise an easy-to-implement AI-driven quality inspection process. 

2See last page for configuration details. Results may vary.
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Like Intel’s Edge Insights for Industrial, the OpenVINO 
toolkit provides manufacturers with an easy-to-deploy, 
flexible solution to production challenges. It enables them to 
optimize, tune, and run a comprehensive AI inference using 
the included model optimizer and runtime and development 
tools—and to deploy the same model in multiple instances. 

The next sections offer a closer look at how the Digital 
Capability Center team put cutting-edge technologies to 
work in building these two highly effective solutions.

Improving Product Quality Using Process Data  
There has been much focus recently on the use of vision-based 
AI applications in manufacturing. But even in today’s modern 
manufacturing setting, sensor data can often be the best 
source of information for ensuring optimal product quality. 
For example, in processes where errors are difficult to spot 
visually, another approach is required. To demonstrate a better 
approach, the team opted to use Intel technologies as the basis 
for developing an easy-to-implement AI-driven solution to 
optimize product quality using process data generated by a set 
of sensors. The team chose the yarn compiler system pictured 
in figure 1 to demonstrate process optimization. 

The example use case focused on compiling yarns into 
warping “beams” of sufficient quality. The warping of the yarn 
is the last step in the process where every individual strand 
of yarn can be controlled for tension separately.  The two 
main causes of quality issues are non-cylindrical geometry 
and inhomogeneous tension during the warping process.  
Tension is managed by carefully adjusting the brake settings 
on the warping machine; however, issues with the settings 
only become apparent over long production distances and 
are not easily detected through human monitoring. The 
result is that problems discovered in the yarn beam take 
significantly more time to correct than if the problem had 
been identified much sooner in the process. Process data-
driven quality inspection is ideal for applications such as this, 
where visual cues cannot easily determine errors within the 

Figure 2. The Digital Capability Center Aachen's IoT implementation leveraged Intel® EII software stack to speed up and 
simplify the implementation of process data-driven quality inspection.
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production system. For this use case, the solution’s objective 
was to ensure product quality by reducing the time that it 
takes to detect yarn tension issues.

Using Intel’s EII software stack, the team was able to quickly 
build an in-line solution for sensor-based inspection that 
was easily extendable and had high accuracy. This solution 
resulted in higher product quality with reduced waste and 
reduced reliance on humans to do very monotonous work. 

Figure 2 provides an overview of the components of this 
solution. The Digital Capability Center team first installed 
24 yarn tension sensors to implement the solution, which 
allowed for the accurate measurement of the tension 
distribution over the yarn beam. The team then predicted 
nine different tension patterns using the Intel EII-based 
neural network for alerts and quality analysis. Once 
deployed, the system made recommendations to the 
operator for actions to change the thread tension depending 
on what was required at the moment. As a result, the solution 
can track beam quality in real-time using different KPIs in 
three stages (basic, intermediate, advanced) with separate 
views for operators, managers, and engineers. The system 
also uses AI-gained insights to recommend optimized 
process parameters to operators to improve quality.

The system resulted in significantly reduced waste as well 
as improved product quality. For example, correction times 
were reduced by as much as 50 percent, while losses from 
scrap decreased by 20 percent.1 In addition, with access to 
instant information about current and past quality levels, 
the team achieved 25 percent faster development using this 
solution than other similar systems.1 

By basing the product quality system on Intel’s EII software 
stack, the Digital Capability Center demonstrated how 
manufacturers can achieve multiple benefits. For example, 
EII serves as a very stable, solid platform upon which new 
applications can be quickly built. In addition, the EII-based 
system ensures that the platform is compatible with a wide 

3
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array of software and other solutions, making it broadly 
applicable for different use cases. The product quality 
system is also straightforward to implement. Finally, this 
EII-based system incorporates security elements developed 
by Intel, addressing an issue of critical importance to today’s 
manufacturers. 

Improving Product Quality Using Vision-based 
Systems  
To highlight how vision-based systems can improve product 
quality, the Digital Capability Center team featured an AI-
driven machine vision application that evaluates the quality 
of printed wristbands. The system detects different types of 
errors on a textile printing machine, such as offset printing, 
overlaps in printing, gaps, and more. In addition, inference 
performance is improved using a cloud-trained machine 
learning model combined with Intel’s OpenVINO telemetry 
running on an Industrial PC (IPC) at the edge of the network. 
In this use case, the IPC edge devices were connected to 
cameras to provide vision data for the system to evaluate. 

The team turned to AI-driven machine vision to improve 
the speed and accuracy of data processing. Machine vision 
applications use AI-based and machine learning-based 
systems to understand the content of visual images, including 
photos and video. By “training” AI-based systems to 
understand the content of a digital image, AI-based solutions 
can identify potential issues with product quality based on 

specific image parameters much more quickly and accurately 
than human monitors. This training, in essence, allows a 
computer to “see” what’s happening in a given environment 
and take action based on a pre-existing set of policies. 

Figure 3 provides detail on the precise process used in 
creating the wristbands and the potential errors the system 
may generate. Manual quality inspection by human operators 
for this kind of process is incredibly time-consuming and 
expensive, and the success rate varies widely by operator 
and skill level. By comparison, the Digital Capability Center's 
installation leveraging Intel’s OpenVINO toolkit solution can 
automatically and affordably identify quality issues in real-
time via AI-driven pattern recognition. 

Beyond practical improvements in product quality, the 
OpenVINO-based solution provides significant optimization of 
resources. This enables it to be effectively deployed in an edge 
computing environment and still offer high performance. 

The process of deploying this solution is comprised of 
four key steps, as shown in Figure 4. First, the hardware, 
including camera, lens, illumination, processing unit, and 
mounting, is installed and connected. Second, experiments 
are conducted, and data (e.g., images of product errors) 
is acquired to train the machine vision model. After data 
acquisition, the images are labeled appropriately (OK or 
NOK). The third step involves optimizing the AI model. In this 
case, a cloud-trained machine learning model was used with 
OpenVINO toolkit to improve the inference performance 
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Figure 3. The Digital Capability Center Aachen implemented an AI-based inspection solution optimized with OpenVINO™ 
toolkit to help identify quality issues in near real-time to improve quality and increase productivity. 

See last page for configuration details. Results may vary. 4
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on the processing unit remotely. Finally, the trained and 
optimized model needs to be deployed to the installed 
hardware. In the Digital Capability Center's deployment, this 
process took approximately eight weeks to complete from 
start to finish, which is relatively quick compared to most 
similar methods. Additionally, the team found that it was 
incredibly easy!

By leveraging the OpenVINO toolkit and its optimization 
process, the machine vision solution optimized its use of 
compute resources, requiring less than half of the CPU 
resources that a system would need without optimization. As 
figure 5 illustrates, the optimization process for the OpenVINO 
toolkit delivered substantial improvements in Frames Per 
Second (FPS) for the cameras while simultaneously reducing 
CPU usage. These critical performance improvements 
enable the successful deployment of this solution in an edge 
computing environment that lacks the compute resources of a 
data center. 
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Figure 5. Compute resources optimization delivered 
substantial improvements in Frames per Second (FPS) and 
reductions in CPU usage.1

In addition to the architectural and performance benefits 
provided by the OpenVINO toolkit, the complete vision-
based solution also resulted in significant improvements in 
product quality across the board and a 33 percent increase in 
overall labor productivity.1 Notably, material costs were also 
reduced, as the optimized process resulted in a five percent 
decline in scrap due to quality issues at the printing machine. 
Overall, this solution based on Intel technologies offers 
manufacturers the opportunity to gain a solid understanding 
of the practical benefits that can be achieved by using vision-
based systems to monitor product quality.

Conclusion  
The integration of Intel technologies at the Digitial Capability 
Center Aachen proves the various advantages digital quality 
inspection delivers and that it is far easier to implement 
than many manufacturers believe. These example use 
cases represent just a small sample of the various types 
of quality assurance cases and other possible application 
fields using Intel’s sensor and computer vision solutions. 
Interested parties are invited to experience these solutions 
for themselves, either in person at the Digital Capability 
Center Aachen or via remote live video sessions online. 
The center, which demonstrates best practices about how 
manufacturing organizations can develop advanced solutions 
based on Intel's intelligent edge technologies, can also 
work with you to apply these solutions to your organization 
via the Digital Capability Center Aachen. The DCC Aachen 
designs, develops, and delivers digital factory solutions to 
drive productivity, long-term growth, and environmental 
sustainability in the manufacturing industry. 

5

Figure 4. The Digital Capability Center Aachen's process for evaluating wristband product quality using OpenVINO.
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  Source

 1 DCC Aachen's ITA Academy GmbH

	 	Configuration	Details

  Configurations: 1-node, 2x Intel® Xeon® CPU E5-2650 v4 (12C, 105W, 2.2GHz) on Broadwell with 128GB (4 slots, 32 GB, 2400 DDR4), microcode 0xb000038, HT on, Turbo on, Fedora Server 31, 
5.8.15-101.fc31.x86_64, Intel Distribution of OpenVINO™ v.2020.4.287, DCC Aachen on 6/19/2021.  

	 	Notices	and	Disclaimers

  Performance varies by use, configuration and other factors. Learn more at www.Intel.com/Performanceindex.

  Performance results are based on testing as of dates shown in configurations and may not reflect all publicly available updates. No product or component can be absolutely secure.

  Intel does not control or audit third-party data. You should consult other sources to evaluate accuracy. 

  Your costs and results may vary. 

  Intel technologies may require enabled hardware, software, or service activation.

  © Intel Corporation.  Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries.  .

  Other names and brands may be claimed as the property of others.     0721/FW/MIM/PDF     347569-001

Learn More 
• Intel.com/manufacturing
 – Edge Insights for Industrial
 – OpenVINO Toolkit 

• Digital	Capability	Center	Aachen 

Contact
Digital	Capability	Center	Aachen: hello@dcc-aachen.de

This combination of AI and analytics with machine vision and 
sensor networks represents a new model that will further 
advance smart manufacturing worldwide. Flexibility, reduced 
costs, rapid innovation, and increased productivity are all a 
result of this approach. The joint development of Intel and 
the Digital Capability Center Aachen shows how these two 
use cases are just the beginning of the industry’s digital 
manufacturing future.

About the Digital Capability Center 
Aachen
The Digital Capability Center Aachen is the 
leading experience and learning center for digital 
manufacturing and supply chain. The center features 
a model factory with real machines, products, and 
operators.  It is part of the McKinsey & Company 
worldwide network of Digital Capability Centers that 
were launched in 2017. The centers offer a unique 
environment where business people can see and touch 
Industry 4.0 in real life and learn about the end-to-
end transformation of a simulated company, from lean 
excellence to a digitized industry leader. 

Founded by McKinsey & Company and ITA Academy 
GmbH in a cooperation with leading technology 
partners and innovative start-ups, the Digital Capability 
Center Aachen supports your organization’s digital 
manufacturing transformation journey—from start 
to finish. It exists to teach participants the technical, 
management, and people skills required to start, scale, 
and sustain their digital manufacturing transformation.

http://www.Intel.com/Performanceindex
http://Intel.com/manufacturing
https://www.intel.com/content/www/us/en/internet-of-things/industrial-iot/edge-insights-industrial.html
https://software.intel.com/content/www/us/en/develop/tools/openvino-toolkit.html
http://www.dcc-aachen.com
mailto:hello%40dcc-aachen.de?subject=DCC%20Aachen%20and%20Intel%20Technologies%20for%20quality%20assurance%20use%20cases.
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