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Motivation
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PIA should allow authorized persons to efficiently perform a machine 

learning project, record high-quality data and carry out a first analysis

• (Process) Knowledge in industry is widely distributed within the company 

• Only specific people have expert knowledge (accessibility problems)

• Metadata are either not documented or not accessible

• Lack of resources and knowledge in the domain of machine learning

Objective:



Research data compared to industrial data

Research data
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Industrial data

The industries’ focus is on their product or service, whereas the 

objective of most experiments in research is to obtain high quality data 

• Rigorous design of experiments (DoE)

• Data as objective

• High quality of data

• Metadata well described

• Usually control and regulation data

• Data as by-product

• Poor quality of data 

• Metadata incomplete



Main challenges in industrial data
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1. Manufacturing domain specific

• Heterogeneous product families and operating 

equipment

• Concept drifts

• Imbalanced data distributions

3. Data specific challenges
• Complex data fusion from multimodal data 

sources

• Missing primary and foreign key relations

• Unsynchronized timestamps along 

manufacturing process

• Duplicate and invalid data samples

• Missing specifications and explanations of data

• Insufficient data acquisition

2. Software specific challenges
• Missing modern data access interfaces

• Proprietary software

4. Analytical challenges
• Backtracking of analysis results to root causes

Source: Wilhelm, Y. et al., 2020, doi: 10.1007/978-3-030-64846-6_4 



Schematic representation of PIA
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Structure of PIA

Three pillars:
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• Measurement and data planning checklist

• Accessibility of knowledge and data

• Low to no code data analysis 
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In accordance with the 

FAIR principles



FAIR principles
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Source: Wilkinson, M. et al., 2016 doi: doi.org/10.1038/sdata.2016.18

Findable Accessible Interoperable Reusable

FAIR principles



Implementation of the PIA demonstrator

• VirtualBox as virtual machine

• Linux as operating system

• Angular as web application framework
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+

Linux VirtualBox Angular

+
GUI of PIA in the browser



Pillar 1: Measurement and data planning 
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Measurement and data planning
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Source: Schnur, C. et al., 2022, doi:10.5281/ZENODO.6943476

Cover of the checklist

Checklist for measurement and data planning 

for machine learning in assembly lines

• Guides users in a holistic approach through a 

machine learning project

• Covers the most important steps to achieve 

high quality data

• Also applicable in other domains



Measurement and data planning
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Topics covered:

• Preparations and project planning

• Measurement and data planning

• Data acquisition

• Data validation and data cleansing

• Data evaluation and ML model building

• Project completion

Table of contents of the checklist

Source: Schnur, C. et al., 2022, doi:10.5281/ZENODO.6943476



Checklist as text document
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Hint box

Tipps

Obligatory 

checkbox

Best practice

checkbox

Download here:

Source: Schnur, C. et al., 2022, doi:10.5281/ZENODO.6943476



Implementation of the checklist in PIA
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Screenshot of the implementation of the checklist in PIA

Info-box

Tipps/

hint boxes

Completed task/chapter



Pillar 2: Accessibility of knowledge and data
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Accessability of knowledge
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• General knowledge database “wiki” with relevant information

• Expandable with specific knowledge

General overview about assambly operations Specific entry about a tool



Accessability of data and metadata
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• Data

• Sensors used

• Data sheets

• Shift books

• Technical drawings

• Etc.
Example processes demonstrated in PIA

Information included:

PIA groups information 

into lines and processes



Accessability of data and metadata
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PIA provides additional documents to support the user:

Overview of sensors used with their metadata

e.g., a list of sensors used 

with relevant metadata:

• Sensor type

• Manufacturer

• Position

• IP-Address

• Sampling rate

• Channels etc.



Pillar 3: Data analysis 
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Data Analysis with DAV³E
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Source: Bastuck, M. et al., 2018, doi: 10.5194/jsss-7-489-2018

GUI of DAV³E

• Feature extraction from time series, 

especially cyclic sensor signals

• Sensor fusion

• Data preprocessing

• ML model building

• Evaluation & Validation

DAV³E is a MATLAB toolbox for:

DAV³E – Data Analysis and Verification/Visualization/Validation Environment

Currently stand-alone software – link to PIA pending



DAV³E – Automated Machine Learning Toolbox
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Source: Schneider, T. et al., 2018, doi: 0.1109/I2MTC.2018.8409763

Adaptive Linear Approximation
(local details)

Principal Component Analysis
(global features)

Best Fourier Coefficients
(frequency domain)

Best Daubechies Wavelets
(time-frequency domain)

Statistical Moments
(statistics)

Recursive Feature Elimination 

Support Vector Machine
(multivariate)

ReliefF
(non-linear)

Correlation
(univariate)
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Linear Discriminant Analysis 

+ Mahalanobis distance
(pattern recognition)

Feature Extraction Feature Selection Classification

15 combinations of feature 

extractors and selectors: 

best combination is chosen 

automatically based on 

minimum cross-validation error

Download here:



Demonstration of PIA
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Thank you for your attention!

c.schnur@lmt.uni-saarland.de


