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1. Introduction
It is clear that in the recent years, the indus-
try has been investing heavily in the digitiza-
tion of their processes. Those investments are
related to the great advance in the technology
field of the fourth Industry Revolution. In this
new industry shift, new technologies such as In-
ternet of Things (IoT), cyber-physical systems,
and Artificial Intelligence (AI) has been applied
to improve production efficiency by being able
to predict the behavior of the machines. Among
this new digital tools and methods for decision
support, the Digital Twin (DT) has been no-
ticed as one of the highlights in the researches
and applications.
Given that the number of researches related to
the Digital Twin topic has grown intensively in
the last past years, many misalignment regard-
ing the definition of a standard understand of a
Digital Twin framework is noticed. Moreover,
several researches focus only on specific com-
ponents of the DT or even only on theoretical
frameworks, not being able to embrace the whole
development of a fully operational Digital Twin.
Analyzing this research scenario, this work fo-
cus on the development and implementation of
a complete Digital Twin framework for manu-

facturing system. Moreover, using a production
control based on the estimation of Remaining
Cycle Time (RCT) as an application of the DT.

1.1. A Digital Twin Understanding
In general terms, a Digital Twin can be seen
as a trustworthy digital replica from a physical
counterpart. It should be able to represent the
physical system with a good accuracy in a such
way that only by investigating the digital coun-
terpart, it should be possible to predict possible
behaviors in the future of the real system. To
achieve this goal, a continuous collection of data
from the physical system it is necessary. Using
this data to create a consistent digital model is
crucial. Base on this intelligent knowledge of the
system, the DT can runs different predictions of
the system evolution, finding what would be the
best optimization. This insightful analysis gen-
erate value to the manufacturers as soon as the
DT gives back to the system the optimized sce-
nario implemented as a feedback loop.

1.2. Remaining Cycle Time: A Digi-
tal Twin Application

For standardization, on this work, the concept
of Cycle Time is used as the amount of time that
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an work-piece takes to finish the whole produc-
tion cycle, from the start to the dispatching. On
the other hand, the Remaining Cycle Time is
considered as the amount of time that a work-
pieces still have ahead to finish its production.
For sure, it is never possible to know exactly the
amount of time left for a part to finish the whole
processes, since we are dealing with stochastic
systems and non predicted changes happens to
the system, such as machine failures. Because
of that, the Remaining Cycle Time (RCT) is al-
ways an estimation based on the current state of
the system.

2. Problem Context
Even though, the work developed on this re-
search was targeted to be as generic as possi-
ble, the whole environment scope was designed
under some assumptions and always seeking a
practical application. Considering this, the work
was developed in the laboratory Lego Factory
from Politecnico di Milano, where previous re-
searches related to Digital Twins were already
conducted. The laboratory allowed this study
to apply the technology created here into physi-
cal experiments and also to manipulated the lab-
scale system to achieve the requirements to run
it.

2.1. Problem Description
It was considered the following problem: a man-
ufacturing system that, within the same package
of production, produce always the same type
of work-pieces and, in order to increase pro-
ductivity, parallel machines were used along the
manufacturing plant. The parallel machines in-
creases the complexity of scheduling, given that
not always all the parallel machines are perform-
ing equally. In this case, the normal schedul-
ing policy, such a Round Robbin, would lead
to a decrease in the maximum production ca-
pacity, since equally amount of parts would be
distributed between machines that are not pro-
ducing equally fast. Moreover, the complexity of
this type of system can increase exponentially
as the number of parallel machines with mul-
tiple branching points increase. Besides that,
the complexity is also related to the instabil-
ity of the real production systems. Even if the
right scheduling policy was designed to achieve
the best results for a specific system, it would

not guarantee that the specific designed policy
would always be the best one. This occurs be-
cause the manufacturing system is always evolv-
ing and changing along the way, such as ma-
chines having suddenly failures and decrease in
the performance, making that path not ideal
anymore.
Giving this context, the application of a Digital
Twin with Remaining Cycle Time estimations
becomes essential. The DT is able to keep track
of the system evolution in terms of state and
model, such as positioning of work-pieces and
process time of machines, respectively. Based
on this alignment, the RCT service can run mul-
tiple simulations for different scenarios for each
part present in the system and schedule for each
of them the best scheduling policy route, consid-
ering the impact of previous decisions. This is
interesting for the system, given that the DT will
keep updating itself based on the real life events,
thus if a machine changes its process time, the
DT will be able to detect and change the calcu-
lation of RCTs.

2.2. Lego Factory Polimi: Digital
Twin Lab

The previous problem scenario was conducted
in a lab-scale manufacturing system prototype,
base on the laboratory Lego Factory from Po-
litecnico di Milano [1]. The laboratory uses
mainly Lego and electronics components to sim-
ulate the behavior of a manufacturing plant,
which makes it flexible for changes and study. In
the structure, the lab has mechatronics arrange-
ments of micro-controllers, sensors and physical
components that allows to define the concept of
stations (machines), conveyors and queues.
Moreover, it is important to notice the specific
architecture of the system. As it is possible to
see in the Figures 1 and 2, each machine in the
system has its own queue, and more important,
the system has a branching point in the machine
2. This machine has the choice to allocate the
parts between machines 3 and 4, depending on
the scheduling policy, this is important, because
on this work the DT will be responsible to up-
date this decision.
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