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Abstract 

The deliverables for this task, and all WP5-8 tasks, are software 
and are of EU type “OTHER”. The software and accompanying 
material (eg description, instructions) is available on the ZDMP 
software repository which is updated dynamically. However, for EU 
formal reporting purposes, this brief cover document provides a 
formalised pointer to the downloadable software and related 
content. This deliverable should read in conjunction with the D006-
D020 deliverables which document the software process/status for 
each WP/Task. This deliverable represents the status as at M18 
with further living editions at M18 and M48 
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Executive Summary 

The main objective of “WP8: Product Quality Assurance” is to ensure the quality of the 
product along the value chain of the manufacturing process by developing zero defect 
manufacturing (ZDM) applications based on digital models of manufacturing assets and 
manufacturing processes. The deliverables of this work package and the WP1 
Management work package are divided into software packages and document/reports. In 
terms of reporting: 

• Process/Status: Report D113 Production: Supervision of WP8 Product Quality 
Assurance, as identified in the DOA, focuses on the process/status of the work 
accomplished in Task T8.4 

• Software: All WP8 software deliverables of T8.1-T8.4 (type “OTHER”) are available 
in the ZDMP public repository with access details and install instructions further 
described in this report which is a ‘current’ extract of the repository 

“WP8: Product Quality Assurance” consists of: Modelling, Prediction, Inspection, and 
Supervision. The tasks of WP8 are the following: 

• T8.1 - Characterization and Modelling / Digital Twin 

• T8.2 - Pre-Production: Product Quality Prediction / Product Assurance Runtime - 
Quality Prediction 

• T8.3 - Production: Non-Destructive Product Inspection / Non-Destructive Inspection  

• T8.4 - Production: Supervision / Product Assurance Runtime – Quality Supervision 

This deliverable represents Task T8.4 Production: Supervision which in turn is composed 
of the following components: 

• Product Assurance Run-time – Product Quality Supervision 

As reported in the architecture deliverable the purpose of these components is: “To assure 
product quality. Specifically, ZDMP must provide product-oriented services that can 
guarantee a zero-defect scenario along the whole manufacturing process of the product: 
Modelling, Pre-Production, Production, and Supervision. This component implements a set 
of machine learning (ML) models to support this goal for the Pre-Production and 
Supervision phases”. 

Each of the components is structured into the following sections: 

• General Description 

• Architecture Diagram 

• Features 

• Requirements 

• Installation 

• How to Use 

• Functional Requirements Implementation Status (M18) 

This report covers the period from the project start until M18 with most activity in the M13-
M18 period. Further formal deliverables are due M30 and M48 as well as an informal 
iteration at 24. 

http://www.zdmp.eu/
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0 Introduction 

Due to the cover nature of this deliverable; this introduction is presented in short form only. 
For further information please consults D006 - Technical Management: Overview Report. 

0.1 ZDMP Project Overview 

ZDMP – Zero Defects Manufacturing Platform – is a project 
funded by the H2020 Framework Programme of the 
European Commission under Grant Agreement 825631 
and conducted from January 2019 until December 2022. It 
engages 30 partners (Users, Technology Providers, 
Consultants and Research Institutes) from 11 countries 
with a total budget of circa 16.2M€. Further information can 
be found at www.zdmp.eu. 

ZDMP aims at providing such an extendable platform for 
supporting factories with a high interoperability level, to 
cope with the concept of connected factories to reach the goal of zero-defect production. 
For this, the platform provides the tools to allow following each step of production, using 
data acquisition to automatically determine the functioning of each step regarding the 
quality of the process and product.  

0.2 Deliverable Purpose and Scope 

The deliverables for this task, and all WP5-8 tasks, are software and are of EU type 
“OTHER”. The software and accompanying material (eg description, instructions) is 
available on the ZDMP software repository which is updated dynamically. However, for EU 
formal reporting purposes, this brief cover document provides a formalised pointer to the 
downloadable software and related content. This deliverable should read in conjunction 
with the D006-D020 deliverables which document the software process/status for each 
WP/Task. This deliverable represents the status as at M18 with further living editions at 
M18 and M48. Specifically, the DOA states the following regarding this Deliverable: 

T8.4 Production: Supervision ITI Six Monthly 
D113 
D114 
D115 

Production: Supervision OTHER (Prototype) PU 18, (24), 
30, 48, 
Reporting 
via T1.4.x 
Series 

RDI3-6, 8 

The objective of this task is to supervise each individual part along the entire supply chain, collecting all 
relevant information in the process, with the aim of identifying critical trends that might result in possible 
downstream defects. This task will combine the digital model and characterization of a product (task 
T8.1) with information coming from the inspection steps (task T8.3) and the manufacturing process (task 
T7.2). Then by using the expert systems provided by the ZDMP Platform, will trigger the corresponding 
action whenever a deviation is detected. This action will be managed by task T7.2 and will imply either 
an alarm, the re-configuration of parameters to adjust a process (either upstream or downstream) and 
apply the corresponding corrective measures. It can include, eventually, the removal of parts from the 
line to avoid unnecessary processes and a waste of resources. An initial version of the supervision and 
corrective system will be delivered in the first prototype, which will be subsequently refined and adapted 
to the diverse use cases considered in the project. 

0.3 Target Audience 

The primary target audience for this document are the partners and WPs of the project, as 
well as the EU and reviewers. 

http://www.zdmp.eu/
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0.4 Deliverable Context 

The deliverable context is as per Section 0.2: 

Primary Preceding documents: 

• D006: Technical Management Overview Report: Represents the general software 
status of the project including information on commits and WP5-8 Risks and 
mitigations 

• D018: Technical Management: WP8 Report: Represents the process/status and 
future actions of this work package, including this task. It also includes related KPIs 
and their status 

• D055: Technical Specification and Update: Describes the different APIs of the 
components 

0.5 Document Structure 

This deliverable is broken down into the following sections: 

• Section 1: Component: Product Assurance Run-time – Product Quality 
Supervision 

0.6 Document Status  

This document is listed in the Description of Action as “public” since it represents the open 
nature of the project’s software deliverables. 

0.7 Document Dependencies  

• None 

0.8 Glossary and Abbreviations 

A definition of common terms related to ZDMP, as well as a list of abbreviations, is 
available at http://www.zdmp.eu/glossary. 

0.9 External Annexes and Supporting Documents 

• See the ‘Resources’ grid within the General Description Section of each component 

0.10 Reading Notes 

• None 

0.11 Document Updates 

• This is the first version of this document 

http://www.zdmp.eu/glossary
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1 Component: Product Assurance Run-time – Product 

Quality Supervision 

1.1 General Description 

Product Assurance Runtime objective is to perform actions to ensure the quality and 
suitability of a product, based on the data obtained in the manufacturing process, or in the 
inspection of the products once they are finished. Internally, the Product Assurance 
Runtime is divided in two different tasks: 

• Product Quality Prediction, related to Task T8.2 Pre-Production: Product Quality 
Prediction 

• Supervision, related to Task T8.4 - Production: Supervision 

Both tasks are based on Artificial Intelligence (AI) and Big Data techniques. However, the 
approaches vary as the desired results are different, and the techniques, or the way they 
are applied, are also different. 

The next section is a generic introductory description of the component as a whole since 
this deliverable represents Task T8.4 - Production: Supervision, the following sections 
focus on the description of its specific features, requirements, and use. 

The following table shows the assets available: 

Resource Location 

Source Code Link  

Latest Release (v1.0.0) Download  

Open API Spec Link  

Video Coming soon 

The date of generation of this component content is: 2020-06-26 

  

https://zdmp-gitlab.ascora.eu/zdmp_code/platform-tier/t8.2-t8.4-product-assurance-run-time---product-quality-prediction-and-supervision
https://zdmp-gitlab.ascora.eu/zdmp_code/platform-tier/t8.2-t8.4-product-assurance-run-time---product-quality-prediction-and-supervision/-/tags/1.0.0
https://software.zdmp.eu/docs/openapi/platform-tier/product-assurance-runtime/
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1.2 Architecture Diagram 

The following diagram shows the position of this component in the ZDMP architecture. 

 

Figure 1: Position of Component in ZDMP Architecture 
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1.3 Features 

The following figure shows an example of use in the automotive use case, and Product 
Assurance Runtime main interactions with other components: 

 
Figure 1. Main interactions of Product Assurance Runtime in automotive pilot 

To illustrate the above figure, an example of a basic flow is described below: 

• The sensors placed in the industry manufacturing process send data to an HMI 
(Human Machine Interface) 

• Then the HMI forwards the data to the ZDMP’s Data Acquisition Component in real 
time 

• The Data Acquisition component retrieves the real time data and forwards it to the 
Data Harmonisation component, if needed. That component will perform a set of 
transformations such as data alignment, measure transformations (eg from Cº to Kº) 
or filtering 

• Once the data is harmonised, is pushed to a specific topic to the ZDMP’s Service and 
Message Bus component. All the components interested in that topic will be 
watching, and will receive the data as soon as is available 

• One of those components interested in the data processed below is the Product 
Assurance Runtime, which works in two different modes: training and prediction 

• In training mode: 

• Product Assurance Runtime asks for a set of historic data to the ZDMP’s 
Storage component through an operational message in a specific topic of the 
Message and Service Bus component. The following message is an example, 
the final syntax is not complete 
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• The Data Acquisition component retrieves the real time data and forwards it to 

the Data Harmonisation component, if needed  

• ZDMP’s Storage component will be watching this topic and should execute the 
specified operation. In this case, retrieve historic data of the sensors listed 
between the dates specified 

• Once the operation is executed, ZDMP’s Storage component sends the results 
to another topic in the Service and Message Bus, in which Data Harmonisation 
component is watching to perform some transformations 

• When the Data Harmonisation component finishes their transformations, it 
pushes the data again to another topic in the Service and Message Bus 

• Product Assurance Runtime will be watching this topic. Thus, the data is 
retrieved and sent to the selected subsystem: Product Quality Prediction or 
Supervision 

• Once the data is available, a new model is trained and stored, based on that 
historic data. The result of the training is a Docker Image which contains an 
executable instance of the Artificial Intelligence model 

• That Docker Image is sent to the AI Analytics Runtime, with a set of metadata in 
a manifesto (json) file. This image will be available for the prediction phase 

• In prediction mode: 

• In this case, Product Assurance Runtime receives a continuum of real time data 
from the ZDMP’s Service and Message Bus. As in the previous phase, Product 
Assurance Runtime is watching to a specific topic, pulling the data as soon as it 
is available 

• Depending on the tool selected, the number of tasks executed will vary, but all 
of them will perform a prediction with the data retrieved above. Other tasks 
could be a retraining of the model, etc 

• The result of the prediction is pushed to a specific topic of the Message and 
Service Bus, in which the interested components can retrieve that information 
and perform their actions, eg: alerting if an anomaly is detected, etc 
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Figure 1. Subsystems architecture of Supervision task 

The main objective of the Supervision task is to provide real time predictions about the 
result of a manufacturing process, and whether there are anomalies present or not by 
using Artificial Intelligence and Big Data techniques. 

Every process in an industry environment has its own peculiarities. For this reason, this 
component provides different technologies, such as PCA, Incremental Online Learning, etc 
to give versatility to the final users. Besides this, the data produced by every 
manufacturing process will vary and, depending on that, component may use a tool or 
another, which bring us back to versatility. 

The features to achieve the functionality of this component are itemised below and 
explained there after: 

• PCA 

• Incremental Online Learning 

• Adaptive Learning 

1.3.1 PCA 

The developed library provides the following features: 

• Implemented algorithms: Singular Value Decomposition (SVD) and NIPALS 
(Nonlinear Iterative Partial Least Squares): 

• With SVD all the components must be calculated even though the higher ones 
are not needed 

• NIPALS computes the components iteratively 

• SVD is faster for small datasets and NIPALS is more suitable for large datasets. 
The implemented algorithms cannot manage missing values 

• Automatic number of components computation; either: 

• Able to specify a determined number of components 

• Class will compute the optimal number of components automatically by cross 
validation 
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• Fault detection: Compute SPE and T² Hotelling’s statistics and its corresponding Upper 
Control Limits to detect abnormal situations 

• Fault diagnosis: Compute contributions to SPE and T² Hotelling’s to identify which 
features are responsible of such abnormal situations 

1.3.2 Incremental Online Learning 

This feature will be implemented in next stages of the development. In any case, the 
research of incremental online learning techniques is available here. 

1.3.3 Adaptive Learning 

This feature will be implemented in next stages of the development. In any case, the 
research of adaptive learning techniques is available here. 

1.4 System Requirements 

1.4.1 PCA 

The PCA class was implemented using Python 3.6 and the following Python libraries: 

Software Version 

numpy 1.18.1 

pandas 1.0.1 

scipy 1.3.1 

sklearn 0.21.3 

1.4.2 Incremental Online Learning 

Coming soon. Planned for M24. 

1.4.3 Adaptive Learning 

Coming soon. Planned for M24. 

1.5 Installation 

1.5.1 PCA 

No formal installation is required to use PCA class; only the next steps should be followed: 

• Locate Python code, stored inside “utils” folder 

• Copy “utils” folder in the folder where the code is located and where the program 
which wishes to use PCA class is located (“train.py” in the following example) 

 

https://zdmp-gitlab.ascora.eu/zdmp_code/platform-tier/t8.2-t8.4-product-assurance-run-time---product-quality-prediction-and-supervision/-/blob/master/documentation/Incremental__online__learning__Research_.docx
https://zdmp-gitlab.ascora.eu/zdmp_code/platform-tier/t8.2-t8.4-product-assurance-run-time---product-quality-prediction-and-supervision/-/blob/master/documentation/Adaptive_learning.docx
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• Thus, to use PCA class in the previous example, import and call the PCA algorithm 
as follows  

 

1.5.2 Incremental Online Learning 

Coming soon. Planned for M24. 

1.5.3 Adaptive Learning 

Coming soon. Planned for M24. 

1.6 How to use 

1.6.1 PCA 

To use, follow the next steps: 

• Import the PCA class 

 
• Create an instance of the PCA class 

 
• PCA class has several parameters: 

• n_components (default = -1). The number of components to compute PCA. If 
not specified, the method will compute the number of components 
automatically, by using cross validation 

• scale (default = true). Whether to scale or not the data. By default, data is 
standardized 

• algorithm (default = ‘SVD’). The algorithm used to compute PCA. There are two 
algorithms available: Singular Value Decomposition (SVD, the default) and 
NIPALS (Nonlinear Iterative Partial Least Squares). With SVD all the 
components must be calculated even though the higher ones are not needed, 
while NIPALS computes the components iteratively. SVD is usually faster for 
little datasets and NIPALS is more suitable for large datasets 

• Tol_variance_filter (default = 1e-05). Removes features with coefficient of 
variation less than tol_variance_filter. This avoids problems with constant 
features or features with low variance which are not useful for the model 

• Fit the PCA model, using Panda’s Data Frames or Numpy’s arrays 
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• When working with NumPy arrays, the method automatically creates feature names 
of type “Var_n”, where n is the number of the column in the NumPy array 

• When fitting the PCA model the SPE (Squared prediction error) and the Hotelling’s T² 
statistics are computed. The corresponding upper control limits (UCL) of both 
statistics are also computed. All this information is stored as properties in the PCA 
model object. For instance, to retrieve the computed SPE 

 
• Once the model is trained, predictions can be executed as follows 

 
• The variable “test_pred” is a Python dictionary that has the following keys: 

• SPE: a NumPy array with the value of the predicted SPE statistic for every 
observation in the test dataset 

• T2: a NumPy array with the value of the predicted Hotelling’s T² statistic for 
every observation in the test dataset 

• To retrieve the computed SPE, write the following instruction 

 
• To know which observations are anomalies, a comparison between “SPE_test” and 

the corresponding UCL (abnormal observations will be those with SPE>UCL) is 
necessary. Remember that UCL is computed during training and it is available in the 
PCA object model (“pca_model” in this example). Eg 

 
• Note: The UCL is computed at 5% and 1% significance level. Therefore, there are 

two values for UCL. Usually use 5%, which is the first value (ie [0] index) 

• In the above example, “abnormal_test” is a boolean array with True values for the 
abnormal observations, that is, observations with SPE above its corresponding UCL. 
The same is valid for Hotelling’s T² statistic. Note that an observation can be 
abnormal in SPE statistic, in Hotelling’s T² statistic or in both statistics at the same 
time 

• PCA is able not only to detect abnormal situations, but also to know which are the 
features that are responsible of such abnormalities. This is accomplished with 
contributions to SPE or Hotelling’s T² statistics. To compute the contributions to SPE 
for a given observation, type the following code 

 
• Where “idObs” is the identifier of the observation for which want to compute the 

contributions (that is, the value of the index of the panda’s data frame or the index of 
the array). If the dataset (“df_test”, in the example) contains only one observation, 
then can obviate the parameter “idObs” 

• An equivalent method (“T2_contrib”) is available to compute the contributions to 
Hotelling’s T² 
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• Finally, “SPE_cont” is a data frame with the contributions to SPE for the given 
observation “idObs”. There is a contribution for every feature in the PCA model, so 
the columns of “SPE_cont” are the name of the features. The higher the value in 
“SPE_cont”, the higher the contribution of the corresponding feature. Thus, features 
with higher contributions must be investigated 

1.6.2 Incremental Online Learning 

Coming soon 

1.6.3 Adaptive Learning 

Coming soon 

1.7 Functional Requirements Implementation Status (M18) 

The actual implementation status vis-à-vis the functional requirements implementation at 
M18 is provided in the annex of the D006 Technical Management Overview Report. This 
represents the general software status of the project and this WP/Task including 
information on commits and WP5-8 Risks and mitigations. Below is shown a dummy 
example for a security component. 

 

Figure 2: Functional Requirements Progress Status 
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2 Conclusions 

This deliverable is the first deliverable in the reporting series for T8.4 Production: 
Supervision. The deliverables for this task, and all WP5-8 tasks, are software and are of 
EU type “OTHER”. The software and accompanying material (eg description, instructions) 
is available on the ZDMP software repository which is updated dynamically. However, for 
EU formal reporting purposes, this brief cover document provides a formalised pointer to 
the downloadable software and related content. 

This deliverable should read in conjunction with the D006-D020 deliverables which 
document the software process/status for each WP/Task vs its content. This deliverable 
represents the status as at M18 with further living editions at M18 and M48 and an 
informal iteration at M24. 
  



 

 

www.zdmp.eu 

             
       

            

  
 
 


