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Executive	summary	
D5.5 report includes the first sessions of business assessment (M15) complemented by a 

further analysis of lessons learned and recommendations. This deliverable will first describe 
to the reader the methodology that followed out of the champion’s business requirements. The 
Methodology was divided in to 4 main phases, namely: 

• Scenario analysis (AS-IS, TO-BE): Description of AS-IS scenario, weaknesses, 
bottlenecks, business objectives and industry 4.0 Objectives.  

• Business case modelling: Requirements and champion priorities. 
• IT Requirement and Specification: IT architecture selected, HW/SW components 

chosen derived from both scenario analysis and business case requirements.  
• Requirement verification and validation 

The goals and results of these methodologies will be explained in further detail in the 
deliverable.  

The next section will provide the reader with an overview of the Euskadi Champion and a 
brief review of the use-case within the project as presented in D5.3, namely the 
implementation of the cyber gauge. The cyber gauge is will allow for the dimensional quality 
control process to move from the lab to the shopfloor which is essential to achieve Zero-
Defect Manufacturing which is the scenario of the Euskadi region. To transition to an inline 
scenario the Cyber gauge will need to have the following applications: 

• The digitalization process that creates a high quality digital twin of the part 
• Thermal compensation model to adjust for shop floor temperature fluctuations 
• Shop floor visualization and analysis of production processes 
• Automated part pick and place system 

The Experimentation plan of Maier with the business process and business requirements that 
followed out of the D5.1 will be presented in this section. In the deliverable 5.1, the AS-IS 
scenario of Maier was explained together with their main bottlenecks of their quality control 
process and fixture development. This information formed the concept for the cyber gauge 
experiment. The tables that are provided in this section give an overview of the expected 
impact the cyber gauge could have in the Maier plant. 

The experiment results section is where the business requirements and performance indicator 
results will be presented. The results will be provided in tables so the difference between the 
AS-IS the expected TO-BE end scenario and the final results can be quickly compared. The 
methodology used to calculate the results of the TO-BE scenario are also explained.  

The final section is where the lessons learned and recommendations are provided. The lessons 
learned are divided into two parts, during development phase and during production as the 
processes are rather different. 
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1 Introduction	
1.1 Introduction	

This document provides the assessment of the final results achieved in the Champion 
experimentation (EUSKADI), including a description of the defined Business Performance 
Indicators (BPIs) measured. The results achieved during the process, the lessons learned and 
recommendations for the implementation of CPPS are also documented.  

In particular, after an insight on the description of the methodology followed for the 
requirements gathering in section 1, the Euskadi champion Maier, is described in section 2. 
The experimentation plan is explained in depth in section 3, while section 4 is dedicated to 
the results of the experiments and the lessons learnt. 

1.2 Contributions	to	other	WPs	

	
Figure	1:	BEinCPPS	PERT	diagram		

Work package 5.5 outputs, as well as similar contribution coming from the other regional 
champions’ experiments, will significantly contribute to the second part of the project. In 
particular, experiments’ results and lessons learnt will be fed into the second iteration of the 
development cycle. The second half of the project will begin with a second scenario analysis, 
built on the previous outcomes (the requirement database and requirement documents which 
contain the verification and validation results). 

1.3 Contributions	to	other	deliverables	

D5.5 will contribute to the deliverables of WP5 of the second half of the project.	

1.4 Methodology	

In D5.1 Euskadi regional ecosystem scenarios and requirements, an initial description was 
given of the proposed experiments, their technical challenges and the business objectives. 

The methodology followed for the BEinCPPS champions’ business requirements, is the 
well-known spiral development approach, Figure 2. This approach essentially parallelizes the 
development activities of the classical ‘waterfall’ approach, from requirements to system 
design to verification and validation. The spiral approach allows a continuous review of the	
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development results and user requirements in order to better deliver added value to the users 
and the stakeholders of the system. 

	
	
Figure	2	Boehm,	B.	(2000)	Spiral	Development:	Experience,	Principles,	and	Refinements,	SPECIAL	

REPORT	CMU/SEI-2000-SR-008.	

In particular, BEinCPPS business requirements, refer to the scenarios involved in the area 
of intervention of each champion, which have been studied and specified by the analysis of 
the correspondent business processes. 

The main phases of BEinCPPS requirement engineering cycle are presented below.  

• Scenario analysis (AS-IS, TO-BE): Description of AS-IS scenario, weaknesses, 
bottlenecks, business objectives and industry 4.0 Objectives.  

• Business case modeling: Requirements and champion priorities. 
• IT Requirement and Specification: IT architecture selected, HW/SW components 

chosen derived from both scenario analysis and business case requirements.  
• Requirement verification and validation 

The first phase is related to the “Scenario analysis”, where each champion identifies the 
relevant CPS-ization scenarios, by building up the weakness and bottlenecks of the “As is” 
situations, taking into account their business objectives and impacts. This phase has been 
performed in the first three months of the projects and it is described in D5.1 “Euskadi 
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Regional Ecosystem Scenarios and Requirements”, that contains the description of the use-
case from both business and requirements aspect in its AS-IS situation. It also provides a 
proposal of the TO-BE situation from a functional point of view, trying to identify technical 
areas of interest and identifying the potential benefit, tangible and intangible of its realization. 

The second phase concerns the “Business scenario, objectives and requirements”. During 
this phase, the business scenario, objectives and the requirements to fulfil the objectives were 
analysed. Business requirements were collected and refined through internal meetings held at 
Maier and at Innovalia. WP5 partners have been involved in technical meetings and phone 
conferences to share initial requirements, to gather feedback and to help further refinements.  

In the third phase, “Requirements specification”, IT requirements are devised by the 
technical partners on the basis of the business requirements. Architecture design occurs in a 
way that IT requirements are matched by the IT artefacts (software and hardware) that build 
up the BEinCPPS architecture, with the support of proper customized activities for the non-
standard components and interfaces with legacy systems. This activity is reported in detail in 
D5.5 “Euskadi Champion BEinCPPS Integrated System”. 

The last phase is the “Requirements Verification and Validation”.  

Verification and Validation (V&V) is the process of providing evidence that the 
technology, HW/SW and its associated applications satisfy the requirements solve the right 
problem and satisfy intended use and user needs. This methodology aims at verifying, 
validating and evaluating the final product from its conception to final release and 
implementation.  

	

2 Euskadi	Champion	description	
This section provides an overview of the Euskadi Champion Maier and a brief reviewing 

of the use-case within the project as presented in D5.3, namely the implementation of a Cyber 
gauge system.	

2.1 Company	description	

MAIER produces plastic parts for most of the automotive OEMs based in Europe. They are 
mainly aesthetic plastic parts with a very high visual and perception performance. MAIER’s 
core technologies are thermoplastic injection, parts painting and chrome plating, so all the 
products produced are based in thermoplastic injection molding. The aesthetics of a plastic 
decorative part in the automotive is one of the main ways to get a good feeling car, so we can 
dress the steel cars with decorated plastic parts with complex geometries difficult to get with 
steel and different coatings or decorating technologies.  

2.2 Use	case	description/intervention	performed	

The scenario for the Euskadi digital innovation hub is Zero Defect Manufacturing whereby 
the physical expensive gauges evolve into digital CPSized digital solutions more flexible and 
cost effective. This implies the evolution of traditional quality control equipment; e.g. 
coordinate measurement machines into solutions ready to operate under shop floor conditions 
moving from the traditional metrology laboratory to the shop floor. The experiment proposed 
for Maier is in line with the digital innovation hub´s scenario of moving from the metrology 
lab to inline metrology inspection on the shop floor.  
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The implementation of a CPSized solution for control gauges that could operate on the shop 
floor will require the development and implementation of new technologies around traditional 
control equipment and an evolution of the manufacturing processes. These technologies are 
needed, on one hand, to compensate the environmental conditions not present in the lab 
environment and, on the other hand, to develop a more autonomous and automated 
infrastructure. The proposed applications that make out part of the Maier experiment will 
provide a step towards these requirements, Figure 3. 

	

	
Figure	3	Moving	form	metrology	lab	to	shop	floor	inline	inspection.	

The Cyber Gauge experiment will incorporate four applications that are considered crucial for 
the move to an in line metrology inspection system. The four different applications that make 
the whole of the Cyber Gauge are as follows: 

Digitalization process: This is the process of creating high quality point clouds of physical 
parts, essentially creating a digital equivalent. With the creation of high quality digital 
equivalents the process of physically checking the fixtures and parts can be transferred to the 
digital domain. This will create a huge advantage to the quality control process and will also 
allow for advanced analytics. The analysis of a single part will provide the information such 
as deformations, defects and other errors but when a large quantity of parts are measured, 
advanced analytics will allow for the extraction of information regarding the production 
process and machine drift. 

Thermal compensation: As previously explained, the move from the lab to the shop floor will 
expose the quality control system to possible temperature, humidity and/or vibration changes 
in terms of working conditions. With the move to the shop floor, a thermal compensation 
system needs to be developed as due to thermal expansion and contractions of parts, 
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measurements will be displayed as deformation and defects. One of the applications of the 
Cyber gauge is therefore the development of a thermals compensations system. The proposed 
solution will involve the placement of wireless temperature sensors around and in the 
measurement volume of the metrology system. Accurately measuring the temperature during 
the scanning process of the metrology system will prove the information needed to correlate 
thermals effects with changes in the measurement results.  

Shopfloor visualisation & analysis: This system will provide shop floor workers with the 
ability to quickly and easily gain information of the process that is taking place. Shop floor 
workers will be able to approach the quality control equipment and automatically extract 
information regarding the scanning of the piece, the production process, completed tasks, and 
futures tasks, in an easy way. With the proposed technology, the quality control process will 
become more transparent.  

Automated pick & place: The automated pick & place system is needed to allow for a 
fully automated inline metrology system as parts will need to be picked and placed of the 
manufacturing conveyer depending if they fail or pass the dimensional quality control. 

For the creation of highest quality point clouds, a lot of experimentation must take place, 
which is the pillar and foundation for any successful operation in the digital domain. 
Depending on the requirements of the customer and the part that needs to be measured, a 
selection must be made of several factors that will allow for the creation of high quality point 
clouds.  

The digitalization process of the Cyber gauge experiment has been successfully carried out 
and are the results used for this deliverable. The Thermal compensation and the pick and 
palace application are in progress whereas the shop floor visualization & analysis will be 
carried out in the 3rd year of the BEinCPPS project.  

3 Experiment	plan	
This section presents the plan of experiments conducted for the Cyber gauge experiment. 

Business Processes (BP) as well as Business Objectives (BO) and Indicators for each BPs are 
explained. 

3.1 Euskadi	regional	Experiment		

During the first phase of the project, the first part of the Cyber gauge experiment took 
place with Maier and Trimek and was conducted in the experimental facility of the DIH 
located in the Automotive Intelligence Center in Boroa, Spain. The main goal of the 
experiment was to replicate the functionality of the checking fixture through the creation of a 
digital twin which can be used to carry out dimensional quality control. As explained, in 
addition to this, applications will be developed that are considered critical to be able to 
transition the quality control process from the lab to the factory shopfloor.  
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Experiment 
Name  

Objective  Time Location Involved 
stakeholders 

Cyber gauge  
Experiment 

Digital 
dimensional 
quality 
control 

20/7/2016-
10/8/2016 

AIC 
innovation 
lab 

• Maier Quality 
Department 

• Trimek 

Table	3	Experiment	description	

	

In D5.1 the scenario of Maier was presented, the champion for the Euskadi region. In the 
deliverable, the As-Is scenario of Maier was explained together with their main bottlenecks of 
their quality control process, fixture development. This information was the basis to develop 
the concept of the cyber gauge experiment. In particular, for the main digitalization process 
the main business processes have been identified with their business Requirements below in 
table 2. 

Business Process Business Requirements (BR) 

BP08	-	Part	prototype	
development 
	

BR50	-	Digitalisation	parameters	–	Critical	
BR51	-	Matching	part	with	checking	fixture	–	Critical	
BR54	-	Flexibility	-	Critical	
BR55	-	Dynamic	Analysis	-	Critical	
BR56	-	Modification	tracking	- Preferred	

BP09	-	Quality	control	of	
the	prototype	

BR59	-	Development	tracking	-	Critical	

BP10	-	Quality	control	in	
production	

BR52	-	Identification	of	the	digital	part	-	Critical	
BR53	-	Digital	part	availability		- Preferred	
BR57	-	Reporting	- Preferred	

BP11	-	Data	storage	and	
reporting	
	

BR58	-	Data	availability	-	Critical	
BR60	-	Historical	data	retrieval	-	Preferred	
BR61	-	Data	Persistence	- Critical	

Table	2	Business	process	and	business	requirements	

	

The second phase was the “Business requirements elicitation and analysis”. Here the 
business objectives for the use case and experiment where developed and was delivered in 
M3. The initial business objectives of Maier and the expected impact can be seen in Table 3. 
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Industry	4.0	
Impact	

Business	
Objective	 Business	Impact	 Description	

Business	
performance	
indicators	

Cost	&	
innovation	

Cost	reduction	
for	checking	
fixtures	

Lower	
development	costs	

for	Checking	
fixtures	

Reduction	in	the	
complexity	of	

checking	fixtures	will	
reduce	costs	

30	to	40%	
reduction	in	costs	

Costs,	
efficiency,	F	
Flexibility	&		
innovation	

Development	
time	reduction	

Lower	
development	costs	

for	Checking	
fixtures	

Less	complex	
fixtures	are	easier	to	
design	and	construct	

30%	reduction	in	
development	time	

Cost,	
efficiency,	
Quality	

	

Measurement	
time	reduction	

More	efficient	
dimensional	
quality	control	

Large	part	of	quality	
control	will	be	done	

digitally	and	
automatically	

50%	decrease	in	
measurement	time	

Cost	&	
efficiency	

Reduced	
storage	space	

More	efficient	
usage	of	floor	pace	

Smaller	less	complex	
fixtures	&	digital	
storage	of	parts	

20%	reduction	in	
storage	space	

usage	

Flexibility	&	
efficiency	

Reduced	
requirement	of	
skilled	works	on	

non-value	
adding	

operations	

More	efficient	use	
of	man	hours,	
more	value	
creation	

Simpler	fixtures	
require	less	skilled	

labour	hours	

20	to	40%	
depending	on	

fixture	complexity	
and	quality	control	

phase	

Flexibility,	
Efficiency	&	
Innocation	

Storage	and	
easy	access	of	
historical	
values.	

Shorter	
development	

times	

Previous	designs	
could	be	used	

overseas	without	
the	need	for	

transportation,	in	
addition	vastly	

improved	process	
control	

-	

Sustainability	 Reduced	waste	

Less	waste	due	to	
more	and	efficient	
quality	control	
measurements	

More	measurements	
will	catch	defects	

sooner	

Up	to	10%	less	
waste	during	
production	

Table	3	Business,	Impacts	and	Indicators	

The business objectives and indicators that are provided in table 1 are focused on the main 
part of the experiment, namely, the replication for the checking fixture functionality. In 
addition to these main objectives, additional applications were introduced that are critical for 
shop floor integration of quality control and the move to Zero Defect Manufacturing, as were 
described in D5.2 Euskadi Champion BEinCPPS Integrated System. These additional 
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applications will be individually tested with the final goal of providing additional 
technologies to facilitate the integration of the cyber gauge in the shop floor. 

4 Experiment	Results	and	Business	Assessment	
This section includes a first business assessment performed in the first half of the project. 

It was updated after the execution of the first experiment. In particular, the objectives during 
the experiment were evaluated and the achievement were measured according to the 
indicators.  

4.1 Business	Requirements		

Business Requirements (BR) BR 
Fulfilled 
(Yes/No) 

Comments 

BR50	-	Digitalisation	parameters	–	Critical Yes - 

BR51	-	Matching	part	with	checking	fixture	–	
Critical	 Yes - 

BR54	-	Flexibility	-	Critical Yes - 

BR55	-	Dynamic	Analysis	-	Critical	 Yes - 

BR56	-	Modification	tracking	- Preferred	 Yes - 

BR59	-	Development	tracking	-	Critical	 No 
This functionality has been included but not 
yet tested, it will be considered in the II 
iteration 

BR52	-	Identification	of	the	digital	part	-	Critical	 Yes  

BR53	-	Digital	part	availability		- Preferred	 No This requirement will be addressed in the 
second iteration. 

BR57	-	Reporting	- Preferred	 Yes  

BR58	-	Data	availability	-	Critical	 Yes  

BR60	-	Historical	data	retrieval	-	Preferred	 Yes  

BR61	-	Data	Persistence	- Critical	 Yes  

Table 4 Business Requirements Assessment 

 

4.2 Business	Performance	Indicators	(BPIs)	

A set of BPIs have been identified for each of the business objectives. For each indicator, 
an AS-IS value, measured during the “Scenario Analysis” have been compared to the 
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expected TO-BE value that Maier wanted to achieve. These were then compared with the 
actual measured value, or extrapolated from the completion of the digitalization experiment 
(see Table 5). 

	

Business	
Objective	

Business	
Impact	 As-Is	 To-Be	 Results	 BPI	results	 Comments	

Cost	reduction	
for	checking	
fixtures	

Lower	
development	
costs	for	
Checking	
fixtures	

8.250€	 5770€	 4950€	
30	to	40%	
reduction	in	

costs	

The	reduction	in	cost	
are	an	estimated	40%	

lower.	

Development	
time	reduction	

Lower	
development	
costs	for	
Checking	
fixtures	

49h	 34h	
34h	

(Expected)	

30%	
reduction	in	
developme
nt	time	

Extrapolated	 result	
because	 no	 new	
fixture	was	developed	
using	the	new	system	

Measurement	
time	reduction	

More	efficient	
dimensional	
quality	control	

82.5h	 40h	 15h	

80%	
decrease	in	
measureme
nt	time	

Decrease	of	over	80%	
in	measurement	time.	
Analysis	of	digital	part	
is	near	instantaneous.	

Reduced	
storage	space	

More	efficient	
usage	of	floor	

pace	

1.5m^2
/Fixtur

e	

0.9m^2
/Fixtur

e	

1.5m^2/Fi
xture	

0%	
reduction	in	
storage	

space	usage	

No	reduction	in	m^2	
but	for	this	particular	
fixture.	There	was	a	
reduction	of	25%	in	
m^3	storage	space.	

Reduced	
requirement	
of	skilled	

works	on	non-
value	adding	
operations	

More	efficient	
use	of	man	
hours,	more	
value	creation	

49h	 34h	 34-15h	

30	to	70%	
depending	
on	fixture	
complexity	
and	quality	
control	
phase	

Reduction	in	hours	as	
expected.	The	amount	
of	reduction	depends	
if	compared	to	the	
development	or	
production	phase.		

Storage	and	
easy	access	of	
historical	
values	

Shorter	
development	

times	

Storage	
in	

wareho
use	

Digital	
and	

immedi
ately	
accessi
ble	

Immediat
ely	

accessible,	
part	of	
fixture	
stored	

-	

Once	a	digital	twin	is	
created	and	the	
measurement	has	
taken	place	the	
results	can	be	

accessed	immediately.	

Reduced	
waste	

Less	waste	due	
to	more	and	
efficient	

quality	control	
measurements	

10%	 -	 -	

Up	to	10%	
less	waste	
during	

production	

Unable	to	test	or	
extrapolate	

Table	5	Business	Objectives	Assessment	

The results in presented in table 5 were calculated as follows: 
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• Fixture Cost reduction: The cost of the different fixture components are well 
documented. With the cyber gauge, the upper part of the checking fixture is no longer 
required. This allows us to directly estimate the reduction in costs as we know the 
cost of the upper part of the checking fixture. As these are usually around 30-40% of 
the total fixture costs. 

• Development time reduction: The development time of checking fixture components 
is well documented. With similar reasoning as with previous requirement the 
development time reduction can be estimated.  

• Measurement time reduction: The digitalization and measurement process are fully 
automated and can be adjusted to suit the requirements of the user, faster 
measurement means lower quality point clouds with less points. The variability in the 
results comes from the need to manually place the part into the fixture. This was 
performed a few times until it became a simple repetition. The results were then used 
to calculate the measurement time reduction.  

• Reduced storage space: The area and volume of the fixtures are well known so the 
reduction in storage space can be calculated.  

• Reduced requirement of skilled works on non-value adding operations: The estimated 
improvements in worker efficiency are based on the time required for measuring and 
the reduced development time of the fixtures.  

• Storage and easy access of historical values: All digital copies will be stored and can 
later be used to analyse production information.  

• Reduced waste: The increase is measurement speed will mean more measurements 
can be made which will increase the quality control. Using the cyber gauge to 
measure parts as they are being produced will allow manufactures to act before the 
production batch has been completed, reducing wasted materials and effort. The 
amount of reduction in waste is difficult to estimate as implementation of the 
Cybergauge in an in line scenario will be needed.  

5 Overall	lessons	learned	&	recommendations	
The present section reports the main lessons learnt from the first assessment of the 

Euskadi Experimentation and recommendation for the implementation of the digital 
dimensional quality control system. These recommendations were obtained by observations 
of expert metrologists and discussions after the experiment had taken place. 

During	Development	

• It must be clear what functionality the cyber gauge will replicate. The cyber gauge 
can replicate the functionality of the superior part of the Maier fixture as it is used 
for Dimensional quality. Some of the functionalities of the fixture cannot, as of 
yet, be replicated by the cyber gauge.  

• The positioning of the fixture and the part that are to be measured are important 
for measurement speed. 

• The machine and sensors for the digitalization process will need to be optimized 
for example, different part sizes, geometry, part colour, material type, part finish 
etc.  

• The area surrounding the part that is to be measured should be cleared for quick 
and accurate measurements. This means removing all claps, handles, or any other 
protruding objects that are not 100% necessary as these hinder the measurement 
trajectory or sensor angle which could reduce measurement quality.  



Deliverable D 5.5 

 

 H2020-EU.2.1.5. Ref 680633 Page 16 of 17  

• It may be possible to re-design the whole fixture development process with the 
implementation of the new digitalization system. 
 

During	production	

• It is recommended to develop a new and efficient protocol for efficient placement 
of parts and fixtures for digitalization.  

• With the new system, more points can be measured faster and the results produced 
almost instantaneous. With this it is possible to offer more comprehensive 
dimensional quality control and also new quality control possibilities that could 
lead to a rethinking of the quality control.   

• Statistical analysis is recommended to determine the number of parts that should 
be measured per production batch. 

	

6 Conclusion	
After the first half of the project, and the first iteration of experimentation, D5.5 “Euskadi 

Regional Ecosystem Business Assessment and Recommendations” provides the assessment 
of the results achieved during the process, the lessons learned and the recommendations for 
the implementation of the cyber physical gauge for rapid fixture development and 
dimensional quality control of manufactured parts.   

These outputs will be a fundamental strategic input for the second iteration and the next 
phase of experimentation. 
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7 ANNEX	1	

Lessons	Learnt	Questionnaire	

To	draw	lessons	learnt,	reported	in	section	5,	we	have	addressed	the	following	
questions	

1. What	worked	well	during	the	experimentations?	Why?	

2. What	did	not	work	well	during	the	experimentations?	Why?		

3. What	unexpected	issues	occurred	and	how	did	you	fix	them?	Did	you	
develop	any	useful	solutions?	

4. Did	any	opportunity	emerge	during	the	experimentation?	Which	kind?	

5. Were	the	project	goals	attained?	If	not,	what	changes	would	help	to	meet	
goals	in	the	future?	

6. What	recommendations	would	you	make	to	others	doing	similar	projects?	

 

	

Strengths Weaknesses 
What worked well during the experimentation? 
Why? 

What did not work well during the 
experimentations? Why? 

Did any opportunity emerge during the 
experimentation? Which kind? 

 
 
 
What unexpected issues occurred and how did 
you fix them? Did you develop any useful 
solutions? 

Opportunities Threats 

Lessons Learnt 
Were the project goals attained? If not, what 

changes would help to meet goals in the future? 

What are the three most important lessons 
learned on the experiments? 

What recommendations would you make to 
others doing similar projects? 


