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• The technological and business drivers are promoting the

manufacturing industry to consider digital twin applications.

• Digital twins were conceptualised as a virtual product: representation

of a product that is virtually indistinguishable from its physical

counterpart.

• Propose an approach to create digital twins

• Evaluate potential benefits

• Build a roadmap for future research

Background

Motivation

I. Introduction
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“A digital twin is an integrated multi-physics, multi-scale, probabilistic

simulation of a complex product & uses the best available physical models,

sensor updates, etc., to mirror the life of its corresponding twin.” (NASA,

2012)

Definition

Rolls Royce and General Electric created their own digital twins of their

engines to improve their maintenance activities.

Current practices

II. State of the Art
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• The implementation of a digital twin remains complex.

• The communication establishment between the virtual model and

the physical asset is not very clear (Tao et al., 2018).

• The issues that a digital twin might generate are not deeply

analysed (Porter, and Heppelmann, 2015)

Research gaps

II. State of the Art

• Better understanding of the physical assets (Cheng et al., 2018).

• Better planning of maintenance activities.

Benefits
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III. Framework suggested

Architecture of the digital twin: how does a digital twin work?

Figure 3: Architecture of the digital twin
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III. Framework suggested

How is a digital twin built?

Figure 4: Building steps of the digital twin
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Inspired by confidential 

mission system equipment

Main focus on ethernet

connection

To identify ethernet

connection failures

Potentially identify the causes

of the failures

IV. Digital twin prototype

Replica used for the development of the digital twin prototype

Figure 5: Replica of part of a mission system
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IV. Digital twin prototype

Figure 6: Overview of the system
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IV. Digital twin prototype

Information flow in the overall system

Figure 7: Information flow between the digital twin and the replica
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IV. Digital twin prototype

Virtual representation – Panel (Act)

Figure 8: Digital twin panel
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IV. Digital twin prototype

Virtual representation – Dashboard (Analyse)

Figure 9: Digital twin dashboard

Figure 10: Digital twin dashboard
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IV. Digital twin prototype

Demonstration of the digital twin prototype

The video has been removed, otherwise the email can’t be sent.
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• Hypothesis 1: The digital twin prototype significantly reduces the time

required to identify a failure.

• Hypothesis 2: The background of the user (IT or non-IT) has an

impact on the identification of the failure when not using the digital twin

prototype.

• Hypothesis 3: The background of the user (IT or non-IT) has an

impact on the identification of the failure when using the digital twin

prototype.

V. Validation

Validation – Hypothesis to be validated
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Experiment 1:

Ethernet cable failure

The cable between the ethernet switch 

and the main mission computer is 

unplugged.

Experiment 2:

CPU % usage failure

The CPU usage of the computer is 

forced to increase.

V. Validation

Validation – Experiments description

Figure 11: Visual description of experiment 1 Figure 12: Visual description of experiment 2
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V. Validation

Validation – Estimated benefits

Figure 13: Experiment 1 - Case 5 - Benefits of the 

digital twin prototype for mixed users

Figure 14: Experiment 2 - Case 5 - Benefits of the 

digital twin prototype for mixed users
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in experiment 1 81%
Reduction of time 

in experiment 2
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Validation – Answering the hypothesis 

V. Validation

Estimated Benefits

Hypothesis 1: Impact of 

the digital twin prototype
According to the experiment, between 39% and 81% of time reduction

Hypothesis 2: Impact of 

the user background 

without the digital twin 

prototype

Impact estimated at 86% of time reduction for the experiment 2

Hypothesis 3: Impact of 

the user background with

the digital twin prototype

The difference is not statistically significant. Doing more experiments with an 

increased sample size might help to improve the accuracy of the analysis.

Table 3: Conclusion about the hypothesis
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V. Validation

Validation – Qualitative analysis of the results

1. User-friendliness

Q 1.1: How easy was the digital twin
prototype to use?

Q 1.2: How easy do you think that the
digital twin prototype made the
identification of the failure?

Q 1.3: How useful do you think that
the digital twin was?

Q 1.4: How satisfied are you with
having a tool like the digital twin
prototype?

Q 1.5: How satisfied would you be
with continuing to use the digital twin
prototype?

Figure 16: User-Friendliness Criteria Validation
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Figure 15: User-friendliness criteria
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V. Validation

Validation – Qualitative analysis of the results

2. Usefulness of data

Q 2.1: How useful do you think the 
data collected is to identify a failure?

Q 2.2: To what extent do you think
that the data collected are
representative of your needs?

Q 2.3: How useful do you think the
data collected is to realise further
significant analysis?

Figure 18: Usefulness of data Criteria Validation
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Figure 17: Usefulness of data criteria

0%

10%

20%

30%

40%

50%

60%

70%

Q 2.1 Q 2.2 Q 2.3
R

e
p

ar
ti

ti
o

n
 o

f 
sc

o
re

Questions

Repartition of scores for the questions of the survey about the 

usefulness of data

Score 1

Score 2

Score 3

Score 4

Score 5

The ranking from 1 to 5 is defined as follows:
1: not at all; 2: needs to be improved; 3: acceptable; 4: good; 5: very good.



20

• By means of communication, digital twins aim to change and evolve together 

with their physical counterparts throughout their lifecycle. 

• Traditionally domain-specific partial models (e.g. CAD or degradation) make 

up the digital twin for certain parts of the physical asset. 

• Digital twins are nowadays considered as more than just collections of digital 

artefacts, but rather, as collections of linked digital artefacts. 

• While partial models are able to address specific parts of the product, new 

behaviours can emerge when the models are intertwined

VI. Discussion
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• Case study for digital twins focused on maintenance

• Framework for digital twin creation demonstrated to be valid

• Initial study shows benefits in using digital twins 

• Particular benefits of digital twins predicted in understanding complex 

integrated behaviours in systems and emergent behaviour

• The real value of the digital twin primarily lies in the elimination of information 

inefficiencies, which result in a waste of resources 

VII. Conclusions

Conclusions
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Integrating and linking the models and the data still presents major challenges.

1. Make the data collection system more robust

2. Reduce time needed to collect and update data

3. Implement deeper analysis to identify patterns, through integrated models 

and data systems

4. Develop links between digital twins and self adapting systems

VII. Conclusions

Future works
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