Process Optimization in Textile

Manufacturing
PLANET Monitor and improve the efficiency of production
processes.

Textra Fabrics, a prominent textile manufacturer with a
distinguished history of high-quality fabric production,
encompasses various machines and processes, from
diverse sewing and cutting machines to welding stations,
packaging units, and foam transformation processes for Real-time Production and
mattresses. Despite its significant success, the company Process Monitoring;
recognizes the need to optimize its production Maintenance; Production
processes. Its ambition is to exploit the capabilities of Planning and Scheduling
Industry 4.0, enhance equipment efficiency, and

incorporate real-time production and process

monitoring. Textra Fabrics envisages a centralized data 24 months

collection system to monitor critical parameters such as

power consumption, temperature, and other significant

factors, providing valuable insights to foster proactive

decision-making. It also wants to integrate an alerting

and notification system to detect potential anomalies

promptly. Finally, Textra Fabrics wants to improve

machine utilization through better production planning

and scheduling, allowing optimal resource allocation.

Mattress manufacturing

Main Requirements

e Implement a centralized data collection
system for monitoring power consumption,
temperature, and other relevant parameters;

e Develop an alerting and notification system
for identifying process anomalies and
potential issues;

e Improve machine utilization through
improved production planning and scheduling.

Other Requirements
N/A

Key Performance Indicators
N/A
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Other information

Which key performance indicators (KPIs) should be monitored in real-time to optimize the process within a
textile manufacturing facility?

Key performance indicators, such as machine uptime, production throughput, energy consumption, and
material waste, should be monitored in real-time to optimize the textile manufacturing process.

Do any existing data-collection systems currently monitor machine efficiency and production parameters?
Currently, we do not have a centralized data collection system. Machine efficiency and production
parameters are not actively monitored. Data collection is mainly done manually.

Do you have legacy machines and outdated control systems in the facility?
Yes

What specific communication protocols or connectivity requirements should we consider when
implementing the proposed monitoring solution?

Our facility operates on a mix of communication protocols such as Modbus and Ethernet/IP. The real-time
monitoring solution should support these protocols for seamless integration with the existing
infrastructure.

Taking into account the challenge description, its requirements and its information, elaborate at least 5 questions
that can lead your research for a solution.
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Research questions:

1.  What existing products or systems, if any, can the company deploy to achieve the data collection
they wish for? Do these products fit their environment in terms of communication protocols and
legacy machine limitations?

2.  What kind of insights can be derived from target data to be collected towards their goal of
optimizing production?

w

How can they use the data to be collected in order to anomalies in production?

H

How can they use the data to be collected in order to optimize their machine utilization?

5. How can these insights and analytics be best delivered to achieve real impact and meet their goal of
proactive data-driven decision-making?

Given the questions and the main requirements of the challenge previously listed:
®  jdentify possible technologies using the Planet4 Taxonomy Explorer;

o identify and analyze the sources (papers, articles, etc.) of those technologies that best suit the challenge;

Technologies identified in the taxonomy:

Sensors (Hardware)

Real-time Production and Process Monitoring Analysis and Supervision
Industrial loT

Production Planning and Scheduling

Machine Learning

Data Analytics

Anomaly Detection

Optimization Techniques

Generative Deep Learning

W O N WD R

Sources of those technologies that best suit the challenge:

1. htips://zerynth.com/customers/case-studies/production-optimization-order-tracking-quality-optimiz
ation/

https://www.mdpi.com/1424-8220/23/13/6078

https://www.mdpi.com/1424-8220/20/8/2344
https://link.springer.com/article/10.1023/A:1011319115230
https://link.springer.com/chapter/10.1007/978-3-319-59050-9_12

ar0ubd


https://zerynth.com/customers/case-studies/production-optimization-order-tracking-quality-optimization/
https://zerynth.com/customers/case-studies/production-optimization-order-tracking-quality-optimization/
https://www.mdpi.com/1424-8220/23/13/6078
https://www.mdpi.com/1424-8220/20/8/2344
https://link.springer.com/article/10.1023/A:1011319115230
https://link.springer.com/chapter/10.1007/978-3-319-59050-9_12
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In light of the discoveries made:
° report the answers for the questions above;

®  compare 2-3 of the more common solutions identified in the sources (how would they change the approach
to the solution? What are the possible benefits/issues in such a use of these technologies?);
®  draw initial conclusions on which path you want to take in proposing a solution.

Answers:

1. To achieve data collection in a textile manufacturing environment, the company can explore
solutions like loT-enabled sensors and data acquisition systems. For instance, the case study from
Zerynth provides insights into the deployment of loT sensors and data collection tools. These
sensors can be integrated into legacy machines, and their data can be communicated using standard
industrial communication protocols, including those mentioned by the company. The types of data
that can be collected include power consumption, production time rates and machine states.

2. By collecting data from sensors and real-time production monitoring systems, the textile
manufacturing company can gain insights into various aspects of production. This includes real-time
production rates, machine performance, material usage, and product quality. Machine learning and
data analytics techniques can be applied to this data to identify patterns and correlations. Such
derivations include forecasting power consumption, identifying anomalous behaviour and predicting
maintenance intervention. These insights can be used to inform data-driven decisions towards
optimizing production and scheduling.

3. To detect anomalies in production, the company can employ anomaly detection techniques. Data
collected from sensors and monitoring systems can be analyzed to establish a baseline for normal
production behaviour. Any deviations from this baseline can be flagged as anomalies. The study in
"Sensors" (https://www.mdpi.com/1424-8220/20/8/2344) provides insights into using sensor data
for anomaly detection, which can be adapted to textile manufacturing. Machine learning algorithms,
particularly anomaly detection models, can be used to automate this process and provide real-time
alerts when anomalies occur. This may also be an area where generative deep learning methods can
be useful, by making use of their ability to understand and extract representations from datasets to
improve our baseline of normal behaviour.

4.  Machine utilization optimization can be achieved by analyzing the data collected from sensors and
real-time monitoring systems. By assessing machine performance, downtime, and production rates,
the company can identify underutilized machines or production bottlenecks. Production planning
and scheduling, as discussed in "Springer"
(https://link.springer.com/article/10.1023/A:1011319115230), can be enhanced through
data-driven insights. Leveraging machine learning and optimization techniques can help in creating
efficient production schedules that maximize machine utilization. By analyzing the data collected
from sensors and real-time monitoring systems, the company can not only identify underutilized
machines and production bottlenecks but can also delve deeper into the root causes of these
inefficiencies. This data-driven approach enables the company to pinpoint specific reasons for
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machine downtime, such as maintenance needs or recurring operational issues. By addressing these
root causes, the company can enhance machine utilization by reducing downtime and ensuring that
machines operate at their optimal capacity, ultimately leading to increased production efficiency and
cost savings.

5.  To maximize the impact of insights and analytics, a user-centric approach should be adopted. User
interfaces should be designed to provide easily digestible information, using data visualization
techniques that intuitively communicate trends and anomalies. Furthermore, nudge theory can be
applied through unobtrusive prompts and cues within the system. For instance, the system can
gently nudge users when it detects underutilized machines or production bottlenecks, suggesting
adjustments to their operations. These nudges should be framed as helpful recommendations,
encouraging users to take data-driven actions for optimal machine utilization without overwhelming
them with information.

Comparison:

The solutions to the research questions for the textile manufacturing company can be categorized into the
following main approaches:

Data Collection Methods:

In the context of data collection (Question 1), the company has mainly one solution - using loT-enabled
sensors and data acquisition systems. The sources mentioned support this approach. The reason there's a
lack of multiple options is that loT and sensor-based data collection is a well-established and effective
method for monitoring and collecting data from machines in manufacturing environments. It's a widely
recognized and accepted approach, as indicated by the sources, and it aligns with the company's goal of
achieving real-time data collection and monitoring.

Data Analysis Techniques:

Regarding data analysis (Question 2), the solutions emphasize the use of machine learning and data
analytics. These are well-established techniques for deriving insights from collected data, and they are
consistently mentioned in the sources. The reason for a single approach is that machine learning and data
analytics are foundational technologies for processing and interpreting data in a manufacturing context.
Their suitability for the task is well-supported by the literature, leaving little room for alternative methods.

Machine Utilization Optimization:

For optimizing machine utilization (Question 4), the solution primarily focuses on data analysis to identify
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underutilized machines and the root causes of downtime. The sources support this approach, as it's a
common method in manufacturing to increase efficiency and productivity. The reason there's no alternative
solution is that this analytical approach is a fundamental step in improving machine utilization and aligns
with the industry's best practices.

User-Centric Delivery of Insights:

In terms of user-centric delivery of insights (Question 5), the solution suggests using data visualization
techniques and nudge theory. While these are effective methods for making data-driven insights more
accessible to users, there could be alternative methods like the use of artificial intelligence-powered
chatbots or natural language processing for delivering insights. However, the provided solution aligns with
established practices in HCI and UX design, and it is a well-recognized approach for making data more
digestible and actionable for users. Given the sources and the nature of the task, this solution is the most
suitable for achieving proactive, data-driven decision-making.

In summary, the lack of multiple options in some sections is due to the industry's well-established practices
and technologies, which are consistently mentioned and supported by the sources. These options are tried
and tested, leaving little room for alternative approaches in the given context.

Conclusions:

To meet the specific needs of the textile manufacturing company, it's apparent that a holistic approach is
required, combining data collection, analysis, and user-centric delivery of insights:

Data collection from legacy machines using loT-enabled sensors aligns with the scalable and
hardware-oriented solutions presented in the sources. This approach is critical for providing the raw data
needed for analysis.

Data analysis techniques such as machine learning, data analytics, and anomaly detection are consistent
with the sources' emphasis on real-time monitoring and data analysis. These techniques allow the
company to derive actionable insights and identify anomalies in production.

Optimization of machine utilization is crucial for efficiency. Analyzing data to identify underutilized
machines and the root causes of downtime, as well as using production planning and scheduling, is
supported by the sources.
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Delivering insights in a user-friendly and proactive manner, as mentioned in the fifth question, is critical for
achieving real impact. The application of nudge theory and data visualization techniques can guide users
towards data-driven decisions, aligning with the user-centric approach emphasized in the sources.

In conclusion, a comprehensive approach that integrates data collection, analysis, and user-centric
delivery of insights, while aligning with the technologies and solutions presented in the sources, is
necessary to meet the textile manufacturing company's goals of optimizing production and achieving
data-driven decision-making.
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Making use of the technologies identified after the analysis of the sources, describe a possible solution to the
challenge. Also, do not forget the constraints (time, number of devices to produce/connect, etc.): the solution must
be applicable to the real context of the company that commissioned the challenge.

Solution Summary
Brief description of the solution (1-2 paragraph + 1 image)

The proposed solution leverages loT-enabled sensors and data analytics to optimize production processes in
a textile manufacturing company. This approach focuses on real-time data collection, analysis, and
user-centric delivery of insights to achieve proactive data-driven decision-making. The system will provide
valuable insights into machine utilization, production rates, and anomaly detection while enhancing the user
experience with intuitive data visualization and behavioural nudges. The implementation plan includes a
Gantt chart with key milestones, a high-level cost analysis, anticipated difficulties, and additional benefits.

Input Data Stream
from Deployed Sensors

i o

Base Analytics: Deeper Specific Models:
- ML Forecasting KPlIs ‘ - Anomaly Detection
- Processing Utilization - Optimization Algorithms
- Deriving KPIs on Scheduling & Allocation

Presentation of Insight to User:

- Dashboard
-Proactive Alerts & Notifications
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Solution Description
Describe the solution and its details

loT Sensor Deployment: The solution begins with the deployment of loT sensors across the textile
manufacturing environment. These sensors will collect real-time data related to machine
performance, energy consumption, and production rates. The sensors are strategically placed to
cover legacy machines and new equipment, ensuring comprehensive data collection.

Data Analytics and Machine Learning: The collected data is then processed using data analytics
and machine learning techniques. Machine learning models are used to identify patterns, forecast
production rates, and detect anomalies. Data analytics tools are applied to derive insights into
machine utilization, downtime causes, and energy consumption.

User-Centric Interface: To deliver these insights effectively, a user-centric interface is designed. It
includes interactive data visualization dashboards that provide real-time information on
production processes, machine performance, and energy consumption. The user interface
incorporates nudge theory to gently encourage data-driven decisions, offering suggestions for
optimizing machine utilization and addressing anomalies.

Proactive Alerts and Notifications: The system sends proactive alerts and notifications to key
stakeholders when anomalies are detected or when opportunities for optimization arise. These
alerts are framed as actionable recommendations, making it easy for decision-makers to take
immediate steps to improve production efficiency.

Implementation Plan

Describe the solution implementation plan considering among other things: gantt chart with milestones, high-level
cost analysis, possible difficulties (at least 3 major issues or difficulties) and additional opportunities (at least 2 extra
benefits).

Milestones:

Sensor Deployment (4 weeks) - The physical deployment of the sensor hardware in the environment.



ff

' 4

/|| Process Optimization in Textile
all

|1}, Manufacturing
b Monitor and improve the efficiency of production
~ processes.

PLANET/

Data Collection and Integration (6 weeks) - The setup for integrating the software system for collecting
data.

Machine Learning Model Development (10 weeks) - The development of the ML models and training using
the collected data. This includes the anomaly detection and optimization techniques.

Data Analytics Integration (5 weeks) - The wrapping together of all the data analytics produced in the last
step and integrating them with one another to produce the core of the solution.

User Interface Design (6 weeks) - Designing the main interactions users will have with the solution.

Nudge Implementation (4 weeks) - Implementing proactive alerts and notifications driven towards retaining
and affecting user behaviour towards their goals.

Testing and Validation (4 weeks) - Testing the solution in the environment to gain feedback on weaknesses
and its ability to meet the goals.

Deployment and Training (6 weeks) - Larger scale roll-out of the final solution and training the relevant staff
on how it affects their day-to-day.

Time in Weeks

5 10 15 20 25 30 35 40 45
Data collection hardware,
deployment and integration
Data analytics core project
development
Training and feedback-based
changes
High-Level Cost Analysis:
Data collection hardware, deployment and integration 5,000€
Data analytics core project development 30,000 €
Training and feedback-based changes 8,000 €
TOTAL | 43,000€

Possible Difficulties:

Legacy Machine Integration: Integrating loT sensors with legacy machines may present compatibility
challenges. While the solution accounts for diverse communication protocols and machine limitations, these
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often still present unexpected challenges in reality.

Data Security: Ensuring data security and privacy is paramount. Measures must be taken to protect
sensitive production data from unauthorized access or breaches and this can add challenges to the
integration phases.

User Adoption: Encouraging users to embrace data-driven decision-making may face resistance.
Overcoming this challenge requires effective training and change management strategies, and this is often a
larger-than-usual undertaking when in the industrial domain.

Additional Benefits:

Energy Efficiency: In addition to optimizing production, the solution will lead to reduced energy
consumption, contributing to cost savings and environmental sustainability.

Quality Improvement: Data-driven insights can also enhance product quality by identifying and mitigating
issues during production.

This comprehensive solution aligns with the company's need for efficient production processes while
considering the real-world constraints and opportunities of the textile manufacturing environment.



