Employing digital twins within production logistics
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Abstract — Digitalisation and automation of existing
processes are key competitive factors for industry. Still,
logistic operations often comprise manual effort, because
the movement of goods and material places stringent
requirements on the interactions between different
systems, human-computer/robot-interaction as well as on
changes in the operative processes. In general, the
introduction and up-take of new enabling technologies,
like the IoT, in complex systems evolved over decades, are
challenging. The experience has shown that it is hard to
assess all restrictions and interactions between new and old
components before any new equipment or infrastructure is
implemented and put in operation. This paper presents and
discusses the usage of digital twins for supporting the
decision-making processes in two different areas:
Workstation design and logistics operation analysis. The
results are based on tests and experiments carried out in a
production logistics test-bed that includes physical devices,
an loT-infrastructure and simulation software. The digital
twin is realised in a combination of using Unity and the
simulation software IPS. The primary results show that
there is no one-size fit all in terms of granularity of the
underlying simulation model as well as for the reduction of
reality in the digital twin, but the results also indicate that
a context-aware digital twin supports the decision-making
within a given scope.

Keywords— Technology assessment, decision-making, digital
twins, cyber-physical system, production logistics

L INTRODUCTION AND PROBLEM DESCRIPTION

Logistics is still a key component in an efficient production
with the main task to handle and provide material at the right
time, quantity, quality and place. Even though, the automation
levels range from fully manual to fully automated and
robotized material handling, where the average degree of
digitalisation and automation is lower within production
logistics than within core production processes [1, 2] and the
logistics is still characterized by:

*  Low automation degree
e Much manual work (often hard)
*  Often low usage of advanced technology

However, despite these characteristics, it can be argued that
production logistics is a key area in the current shift in
manufacturing logic towards an increasingly decentralized,
circular and self-regulating value creation, enabled by
concepts and technologies such as CPS, IoT, IoS, cloud
computing and smart factories. Logistics related
operations
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counts for a significant part of the total cost. According to [3]
it varies between 10 and 95 %, but often with low added-value
to the product or service [4]. Thus in order to reduce the
logistics costs as well as for improving the service quality,
there is a trend towards technology driven innovations, like
automated guided vehicles, diverse intelligent and smart cargo
solutions [2], ITS [5] as well as increased servitisation of
logistics [6]. By providing material and information at the right
place, in the right quality and quantity as well as in right time
by using automated guided vehicle (AGV) and Real Time
Location System (RTLS), the vision of future manufacturing
system ensuring real-time tracking of material flows, a
seamless information flow, improved transport handling,
energy and material efficiency as well as an accurate risk
management can be achieved [7]. Furthermore, the relation
of logistics costs vs total costs can be improved.

There are examples of successful implementation of the
aforementioned components and technical solutions in an
operative environment [8]. Therefore, the main challenges are
more related to the implementation of different components in
an existing operative environment than on the technical
development [9, 10]. A key challenges is related to assessing
how different new components will interact with the existing
systems - ie. a typically challenge when dealing with
technology introduction in complex system [6]. The usage of
test-beds can contribute to overcoming these challenges and
thus several test-beds for advanced technologies implemented
in production and logistics have been established [11]. These
offer test facilities as well as educational and vocational
training to local manufacturing industry and stakeholders
involved in the handling of the material and aims at improving
the competitiveness of the regional industry [11, 12].
However, even if the physical test-bed allows potential users
to experience and test different technologies and solutions in a
safe, but realistic environment [14], it will not sufficiently
contribute to the understanding the interactions of new
components in an industrial operative environment, since there
are several context related limitations. One main challenge of
logistics systems is the interaction, e.g. HRI (Human-Robot
Interaction) and RRI  (Robot-Robot  Interaction).
Conventional solutions for dealing with interaction solutions
focus on point-to-point integration while approaches such as
enterprise service bus (ESB) have shown great potential to
create a more flexible system to increase interoperability
among the agents. A second challenge is related to the
decentralised decision-making process carried out by the
autonomous robots (like automated guided vehicles, or smart
cargo) [2, 3, 14]. The usage of digital twins can help in
overcoming this challenges and support the decision-making
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process (of the technology assessment) [15] by allowing
manipulation of the digital twin to investigate different
solutions and the implications on an existing (real physical)
environment. It is important to build an overall digital
environment where users can become familiar with the
replicated objects, explore related processes and assess
possible solutions. However, the autonomous decision-making
process of the components (like an AGV) remains a
challenges, since the algorithm used for the simulations of the
potential AGV in the digital twin, not necessarily corresponds
to the interaction and the decision the autonomous object
makes in the physical environment. This approach also
includes the above-mentioned challenges regarding AGV
fleet management and interoperability of the agents. [17, 20].

The focus of this article is to discuss how digital twins can
contribute to support the decision-making process of selection
of the right components for a specific company both related
to the degree of automation and the digitalisation of the
operations. The rest of the article first describes the
requirements on a digital twin used for decision-making;
secondly, how the manipulation of the digital twin can be used
for a better understanding of the system and components
interactions, before the test-bed we are using is described in
more detailed. Finally, we describe how the different
components are integrated and interacting and as well as the
first results. The last section discusses the main challenges
and the next steps.

11. NEEDS AND REQUIREMENTS ON A DIGITAL TWIN FOR
PLANNING PRODUCTION LOGISTICS ACTIVITIES

Technology introduction has a large impact on the
organisation of operational processes both at managerial and
operative level [20]. Therefore, it is not sufficient to only pay
attention to the technical aspects, but also required to predict
their outcomes and based on that, make right decisions.
According to [21] digital twins can support planning as well as
prediction of the working processes.

According to [14] there are several explanations of what a
digital twin is. For the our purpose, which is to support the
decision-making process on technology introduction in
existing industrial environment (here realized using a test-bed
to reduce the complexity), we build upon the definition by Tao
et al. ([14] p.3566) as well as the characteristics of digital twin
as described in [14] in respect to a) real-time reflection b)
interaction and convergence and c) self-evolution. As
described in the introduction, a main challenge of introducing
concepts like IoT, CPS, and Industry4.0 etc. in existing
environments is the assessment of how the technology will
affect the whole organisation and interact with existing
solutions. According to [15, 19, 20] digital twins that can be
manipulated can support the decision-making process.
Regarding the assessment of autonomous and decentralized
decision-making, which is required in cyber-physical systems
[22, 24] it is hard to model these with the right interactions
with other system components and with the right routing
(decided upon by the autonomous object) [2, 21]. However
based on experiences on importing sensor data from a lab-
environment into the virtual environment, comparing the
routes and interaction with the first simulations, and then
modify and manipulate these data in the digital twin (by using
game mechanics), a better system understanding can be
achieved [25].
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Digital twin as a concept was established more than a
decade ago, but several definitions exist [14]. Digital twin can
mirror or simulate complex scenarios very close to the reality
[13, 14, 24, 25]. Besides providing an opportunity to be used
as a learning and awareness-increasing tool in which operators,
or management can use virtual reality (VR) tools to experience
the real working conditions with high precision [26], the digital
twin can support the introduction of new technologies and
installations within the existing physical environment [23, 27].
In this case, we simulate the working processes and observe
the material movements, machines, robots etc. and their
interactions [25]. One of the Swedish test-beds focuses on
production logistics, i.e. it focuses on the material and
information handling within the production system, with
strong and integrated interfaces to supply chain management.
This physical test-bed should allow testing of 1) man to
material technologies 2) robot to material 3) material to man
and 4) material to robot. Furthermore, in order to realise the
latter, it should explore the usage of RTLS (Real Time
Location System) and the interaction and operation of different
AGVs. It should be set up to meet the industrial need for
improved demand assessment, dynamic and more efficient
milk-runs, shortened cycle times, reduced bullwhip effects,
highly transparent and integrated supply chains as well as
improvements in production planning, real time information
flows, end-to-end supply chain transparency and general
improvements in flexibility [7]. By the four pillars of
technology support, real-time information, interoperability and
decentralized decisions (as shown in Fig 1), core technology
areas needed should include real-time data acquisition,
organization, and management; digital twin representation;
data analytics for logistics applications; and digital twin-based
shop-floor management and control [13].

Interoperability

Digital

environment r(iﬁ)
e ST

altala

Decentralised
decisions

Real time
infarmation

Physical production
Inglstlcs environment

\7*;*\% R —Ee—
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Fig. 1. The digital and physical environment for production logistics, relying

on the four pillars of technology support, real-time information,

interoperability and decentralized decisions.

1II. THE PHYSICAL AND DIGITAL TEST-BED

A. Alignment

The production logistics test-bed needs to be aligned to the
industrial requirements and therefore allow development and
testing supporting the supply chain transparency as well as
smart factory-internal production capabilities. It needs to
include digital and real features linked to both operational

2020 IEEE International Conference on Engineering,
Technology and Innovation (ICE/ITMC)

Authorized licensed use limited to: KTH Royal Institute of Technology. Downloaded on September 29,2020 at 09:46:12 UTC from IEEE Xplore. Restrictions apply.



phases as well as phases of development and engineering. The
tests and experiments are related to different configurations of
components, connection between using IoT and allow
examinations of HMI and HRI interaction. The aim is to
highlight how a gradual transition to digitized logistics can
take place and allow companies and users to experiment with
different combinations in order to find the right level of
automation and choose the right technology for their own
company, which leads to a more sustainable production.

B.  Physical Environment

A main function is material movement i.e. either that a
person or a robot picks up the material or a robot or a person
delivers the material [28]. This forms the four fundamental
activities of material-to-human, material-to-robot, human-to-
material and robot-to-material.

The choices of picking and delivery solutions depends on
the underlying logistic concept and on other factors like real
time monitoring of stock level, tracking of material as well as
the quality of the information provided for this decision. How
such a solution can be realized in an industrial context depends
not only on the physical conditions of the moving material and
goods but also on the boundaries given by the building
infrastructure [9]. This often leads to a limited possibility in
the selection of relevant technologies.

In our first set-up, we have decided to focus on connected
equipment and RTLS, since these are a prerequisite for being
able to realise a transparent and efficient material flow from
one warehouse to a production site. On the long term, we will
use the test-bed to develop more explorative solutions for
increased automation, leading to a focus on material-to-robot
and robot-to-material.

In material-to-robot, material is moved to the robot
position manually, automated or semi-automated by using
conveyor belts, forklifts, trolleys etc. In this experiment, an
AGYV delivers the material to the robot station by carrying
racks of raw material to the intended position. In robot-to-
material, the robot moves to the material position and collects
the material. Examples can be AS/RS systems (Automated
Storage & Retrieval System), having a robot arm mounted on
top of an AGV, or the AGV has the possibility to collect the
items. The initial demonstration scenario, as shown in Fig. 3,
is to kit three different parts in two different kits. Even though
there are many interesting challenges related to the picking
process as such (normally it is bin picking), we have left this
out and focus currently only on a higher level, which means
we need a less granular model for the digital twin. Following
items play role in the physical environment (examples shown
in Fig. 3):

e  Collaborative robot

e Automated guided vehicle (AGV)

e  Vision system

e  Virtual reality (VR) equipment

e Real time locating system sensors

e Kitting material including parts and boxes

e  Transportable racks

e Door

o Elevator

e  Connectivity infrastructure including routers

b)

Vision system
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Fig. 2. Envisioned movement for material delivery within the testbed

978-1-7281-7037-4/20/$31.00 ©2020 IEEE

2020 IEEE International Conference on Engineering,
Technology and Innovation (ICE/ITMC)

Authorized licensed use limited to: KTH Royal Institute of Technology. Downloaded on September 29,2020 at 09:46:12 UTC from IEEE Xplore. Restrictions apply.



As shown in Fig. 2, incoming goods are stored in a storage
position, which consists of three transportable racks. The
racks are transported to the kitting station by means of an
AGV. Raw material/parts will be inspected by the vision
system and defected parts will be rejected out of the flow. A
collaborative robot does the kitting and the AGV transports
the kits to the final destination, which is the manufacturing
area, which in our case is an assembly line with nine stations
[23]. Since the delivery destination is located on a different
floor, the AGV must go through a door and an elevator.
Communication between the AGV, door and the elevator
needs to be taken into account. By reaching the destination,
the AGV leaves the kit rack on predefined position, pick an
empty rack and travel back for the next mission. All the racks
will be equipped with RTLS sensors to monitor the location
of the racks in real-time.

There are some challenges in the realization of this
scenario, since it requires interaction with infrastructure parts
that are not designed for the purpose, specifically the
realization of opening doors, communication with the
elevators as well as that we need AGVs with different
functionalities.

Ideally, there should be two to three AGVs to realise the
scenario as well as to be able to test different types and the
interaction between them. Different types of AGVs have
different pros and cons, and as a test-bed, it is important that a
user of the test-bed can get a good overview of the different
functionalities and technical requirements from different AGV
types. Even though the communication protocols between
them in many cases are standardized and many AGV providers
also offer suitable fleet management software, for instance
route optimization algorithms can vary. Therefore, we use the
digital twin, both as pure simulation and with data from what
we already have in operation to:

e Investigate how we can realise the required
interactions between the AGV, the elevator and the
door.

e  Mission scheduling

e  Compare the simulated optimized route in the digital
twin to the one the AGV actually chose in the
physical environment.

e Investigate how to best realise the part of the
physical environment for the quality checkpoints and
how to embed this best in the material flow.

C. Digital environment building the loT solution

In order to investigate the problems mentioned in section
II, we will integrate the physical objects and the digital twin
in a single system, which components communicate via a data
streaming bus. This system interconnects all components to
make use of digital twin of the real-world scenario. As a first
step communication between each component was realised. A
data streaming bus, which will hold and serve messages
wherever needed was chosen for this purpose. Secondly, there
is an application layer, which is required in order to write
business logic or calculations. In addition, data storage and
digital twin ought to be connected through the application
layer. Figure 4 shows the system architecture for the
production logistics digital twin.
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Fig. 3. Examples on physical equipment of the testbed

[ AGV ] Collaborative robot [ RTLS Vision
WebAPI Socket Web API TCP, Socket

Application layer

Collaborative RTLS
robot

Digital twin

Data storage

Fig.4: Production logistics digital twin system architecture

In the digital environment, replica components of the
physical environment are defined. Each replicated component
has to go through the data streaming bus and application layer
to send and receive information from the physical environment
since the operating systems, data formats, and communication
methods are different by each component. The next paragraphs
describe communication between the components in more
details:

a) The AGV communicates via web API. The real-time
location of the AGV can be identified by calling the pre-
defined API from the manufacturer. The results of this API
are not only location data, but also various parameters such
as battery status, speed, and orientation of the AGV, that
may deliver additional valuable information for logistics
operations. Of specific relevance is to know that the AGV
uses its own coordinate system. This is translated into the
digital twin model to align it with the physical
environment. Since the coordinate system in the digital
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twin perfectly align with the real world in meters,
coordinates in meters and angular rotation in degrees are
used.

b) The collaborative robot uses a pre-defined language to
program and communicate with the external world. The
robot can be programmed in several ways. In this case, it is
used to communicate over a TCP socket connection, in
which the robot is treated as a server and connected via a
TCP client application. The robot sends six angular
rotations to the unity model (digital twin), for simulation.

c¢) The RTLS is used to identify various location of the
components in an indoor location system. This system is
used to track objects like parcel/packages, tray’s, tables or
any movable object for that matter. The RTLS system uses
API to retrieve location data of these various objects.

d) The vision system is currently built by using Microsoft
Xbox Kinect. It will at a later stage be replaced by a 3D
camera. The vision system is currently working via a C#
program with the help of OpenCV wrapper, called EMGU.
So far, we are using Haar classifier method for deep
learning mechanism to identify an object. Haar algorithm
requires thousands of positive and negative images to train
a classifier, which is time consuming. In later stages, we
plan to work on Point clouds, a solution that is more robust.
The vision system elaborates coordinates from a
recognized image, which Xbox Kinect contains in
properties of an image object that have X, Y and Z
coordinates. Those are then sent to middle-ware that
translates into the collaborative robot coordinates.

e) The digital twin is built using standard assets in Unity,
along with some complex prefabs like AGV and
collaborative robot, delivered by the supplier or modelled
using IPS Each controller is responsible for fetching data
or controlling the machine. The Digital twin can visualise
the track of AGV to analyze deviations.

f) Data storage is used for the long-term data solution. This
will help build a possibility to replay a particular scenario.
For example, simulating 1-hour run time of AGV and
collaborative robot in digital twin. Message broker can be
used instead, but later there will be a need to store data for
longer period of time, for data analytics, or data mining.
This layer is important for many reasons. One of the
reasons is to unify the data transport layer. More
importantly, it provides possibility of replication. In case
of natural disaster or loss of hardware, a replication will be
used or a failover cluster can be configured at different
location. In addition, there will be single point of data
disposal and retrieval. Which makes it easier for many
other devices, who need data from a single point.

We have set up a scenario to apply and test the digital twin
model to general situations in production logistics. in this
scenario, the Cobot picks up the box containing the articles
and delivers it to the AGV, and the AGV transports the box to
the quality check station. Fig. 5 shows the workflow of this
scenario.

The next section describes the different possibilities we

have for the models in the digital twin, as well as outlines what
we currently mainly look at.
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‘ [AGV] Wait at the charging station ‘
v

‘ [AGV] Move to the waiting station ‘
v

‘ [AGV] Wait at the waiting station ‘

‘ [AGV] Move to the quality check station
v
‘ [AGV] Wait at the quality check station
2
‘ [AGV] Move to the charging station
v
‘ [AGV] Start docking and charging mission

2
‘ [Cobot] Start box picking mission
2
‘ [Cobot] Pick the box from table to AGV

Fig.5. Workflow diagram of the production logistics scenario using digital
twin model

1V. USE OF THE DIGITAL TWIN

The digital environment does not only mirror the physical
environment in the test-bed, but also allow ‘manipulation’ to
allow experimentation with different technologies and
equipment prior to the decision in a virtual world.

A. Applications for workstation design

As described above, the digital twin mirror a physical twin,
but as typically for simulation environments, it does not
necessarily need to mirror every single process at all level, but
only those being required [22] - in our case processes for
making decisions. Hence, how detailed and our models are,
depends on what we intend to use them for. For the purpose of
the test-bed and the given requirements, we need different
granularities for different manipulations, i.e. if we look at the
interaction of the AGV and the picking robot in the picking
process, we need more detailed models than if we look at the
material flow from the ‘warechouse’ to the assembly area.
Therefore, we will give three examples in this spectrum of
applications, in this case focusing the (1) engineering of
workstations, (2) layout planning and (3) collaborative
robotics. This will cover all the levels we need in the test-bed
on long term and gives an overview of the different levels of
granularities we need.

(1) In the case of workstation design, a Digital Human
Modelling (DHM) tool IMMA (Intelligently Moving
Manikins) is used [28]. This is used to analyse human postures
and motions in order to evaluate both human-product
interactions and human-production system interactions and
then predict ergonomics issues before the product and
workplace exist physically. In IMMA, not only a biomedical
model, but also a collision model using hierarchies of
rectangular swept spheres (RSS) [12, 30] represents a manikin.
A reaching movement can be achieved by simply specifying a
sequence of target positions that the fingertip has to trace. In
Fig. 6, the manikin’s left hand reaches deep into the engine bay
of a truck to replace a headlight bulb by following a computer-
generated path for a sphere [30] where the tip of a hand’s
middle finger was used as the manikin’s end-effecter.

Fig.6. Truck headlight bulb replacement simulation. The path in green
connects the initial position and the goal position. Before approaching the
truck, the manikin was in a standing pose with feet together and arms by the
sides. Truck CAD model courtesy of AB Volvo.
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We use a novel hierarchical controller system for reducing
the time-consuming set-up [31]. The result is a sequence of
ergonomically sound and collision-free motions that
accomplish a task. The framework is demonstrated on one
industrial test case that requires the utilization of support. As
the manikin walks to the car in Fig. 7, the manikin puts the left
hand on the chassis to maintain the balance before inserting a
box to its final position.

Fig. 7. Simulation of assembling the Central Electronic Module (CEM). Car
CAD model courtesy of Volvo Cars.

(2) To support a virtual layout process, we use a novel
digital factory layout tool that optimizes both the layout of
machines and the corresponding ergonomic logistics
considering space constraints [29]. The ergonomic logistics is
calculated using the IMMA (Intelligently Moving Manikins)
manikin [28].

(3) For the case of human-robot collaboration, the fidelity
of the simulation is affected by how accurate the motions of
the robot can be described. However, accurate simulations of
industrial robots are only available through the manufacturers’
proprietary offline programming software or through the
limiting standardized Realistic Robot Simulation (RRS)
interface [32]. By developing a virtual representation of the
robot and an interface to the real robot, a robot’s simulation
capabilities were unlocked [33]. The ability to synchronize the
simulation to the physical robot (Fig 8) through IO signals
enables the execution of possible optimization algorithms
based on the virtual representation with the initial state from
the real robot. When the robot moves in the physical world, the
simulation software can update the virtual representation of
robot. On the other hand, after a successful simulation, the
robot program can be sent to the real robot and then executed
by the robot. The resulting trajectory from the real robot is sent
back to the simulation software and can be replayed if desired.
One example is shown in Fig. 9, where the robot goes from a
state outside the cage to a state inside the cage. The motion
between the two states is simulated beforehand and verified

before it is executed on the real robot.

Fig. 8. Physical robot (left) and its virtual representation (right)
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Fig. 9. The robot’s start state (left) and end state (right).

B.  Applications for logistics operations analysis

As described in the introduction, one main challenge with
technology introduction of new technologies in existing,
operating environments is to assess both the interaction and
interference with existing systems as well as to decide upon
the right new object (like the type of AGV). Secondly, as
described above a challenge is that there is limited
information about the algorithm the AGVs are using for
calculating their path in the physical environment. In our case,
we have however full control over the algorithm the digital
twin of the AGV (modelled using IPS), which is the optimised
algorithm. Comparing the results of the digital twin optimised
algorithm and the physical movements of the AGV can give
valuable information on the behaviour and thus help in the
assessment of the suitability for implementation in different
environments. Furthermore, the integration of the physical
data in the digital twin allows a better visualisation that can
be used for different purposes:

a) Detailed investigation of the exact movements of the
AGYV or collaborative robot (as seen in fig. 10). Using
a re-play function as well as combining different
experiments in one single digital twin scenario helps
to understand the variation in movements as well as to
recognise patterns (i.e. continuously occurring
deviations between real movements and optimised
calculated paths).

b) To explore an environment to which you might have
no access (either using VR, AR or a 3D computer
model on the PC). This can be used for teaching
purposes to explain the interaction of the different
components as well as for letting the students try out
simple actions in a safe environment. Fig. 10
illustrates this possibility. The first picture shows the
digital model of the lab environment. The viewer can
use a camera to move around and experience the room.
The second image shows the detail of the models- here
the path of the AGV is visualised. The last image
shows the movement of the physical AGV (data
imported in the Unity model via the communication
bus).
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Fig. 10. Tracking AGV in real time within the digital twin

The digital twin has the capability to start the different
physical operations via the digital twin interface. This open
up the possibility for carrying out experiments in risk areas
(or in our case) giving access to those personnel that do not
have the right safety level to operate the physical equipment
on site, or for individuals who cannot attend the physical lab
for any reason. This increases the possibilities to utilise
expensive lab equipment to a higher degree. Even though this
will reduce the safety risks for personnel operating in the
physical environment, it might cause other risks such as
moving objects around the lab with no real visual control over
the lab environment.

The mixed-reality environment which we have described
here is in its prototypical implementation phase and the results
are preliminary, but promising. During the last semester, the
lab used as a part of a master course on production logistics.
Here a group of students carried out experiments to study
movements of the AGV in the physical lab. At that time, it
was not possible to import and store the data in the digital twin
for visualisation, but the collected data will now be imported
and compared with the ideal (optimised) movements.
Secondly, the first tests of using the digital twin for
educational purposes have been successfully tried out in
different labs. We have therefore now integrated our digital —
physical twin environment for educational purposes in a
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digitalisation course that will start in the spring term. The
remote control scenario is so far working well as long it is
operated within the network (security) issues. In a next step it
will also be possible to operate it from outside. This will allow
us to connect different test-beds to one single digital test-bed
in order to look at larger challenges.

V. DISCUSSION AND CONCLUSION

Digitalisation and automation of existing processes are
key competitive factors for industry. Still, logistics operations
often comprise manual effort, mainly due to the complexity
of the interactions between different systems, human-
computer/robot-interaction as well as on changes in the
operative processes. The main objective of this paper was to
investigate and discuss how digital twins can contribute to
support the decision-making process of selection of the right
components for a specific company both related to the degree
of automation and the digitalisation of the operations. Our
first experiments indicates that within the application area of
workstation design, the granularity of the modelling is of
utmost importance. The examples discussed in this article-i.e.
the interaction of the UR robot and the AGV in a picking task,
and the usage of AGVs for moving material from A to B,
illustrates this very well. In the first case, the robot-robot
interaction, a main decision is related to the flexibility of the
two components in gripping specific components, the time it
takes to pick (i.e. identify the component, grip it, put it in the
right place), and the accuracy both of the picking process
itself, as well as on the docking process of the AGV. The main
“competitor” would in many cases be a human that is
currently much faster and more flexible, but perhaps less
accurate, and cannot pick 24h. It would therefore be necessary
to mirror the physical process so detailed that a comparison is
allowed. In addition, the digital twin might be used for
investigating topics related to human-robot interaction and
other issues related to the picking process. Using a digital twin
for decision-support for this purpose requires that the
information that ab is very similar to the physical (real)
process, but from other perspectives. In this case the cost and
time factors are less relevant, whereas the exact mapping of
the movements of the object interacting with the human would
be of relevance. As described above, this do require specific
software solutions as well as deep knowledge in how to map
this correctly. In both cases, a very granular modelling and a
simulation that is exact and correct is prerequisite in order to
use the DT as decision-support tool. The second case shows
more how a DT can be used for investigating logistical
operation, both at a planning level as well as in order to better
understand the decision-making and underlying algorithm of
automated vehicles, like the AGV and the UR robot. In the
area of analyzing logistical operations, we explained two
different cases. In the first of these, we are interested in
improving the understanding of an existing object (AGV)
which autonomously decide how to get from A to B and how
it reacts to obstacles. For this, accuracy of the mirrored
environment in which we can import the location data (see
fig.9) is needs to be medium high (not as granular as in the
workplace design) and then to use a replay function for
comparing the physical path with the optimized path. Based
on this comparison, we may decide on how the layout should
be, and also use it for deciding what type of AGV that seems
more suitable to be operated in environments with more or
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less interaction with other moving objects/subjects. The
limitation for this, is that we can import the data in a model,
and that this model (if it is like in our case a testbed), delivers
a sufficient similar environment as the environment for which
we want to implement the AGV. The second case was to use
the digital twin to explore a restricted area. Here, depending
on what we will investigate it is often sufficient to have a low
accuracy in the mapping.

These first results of how a digital twin can be used to
support the decision-making process within production
logistics processes are quite promising, but in order to be more
explicit in what is meant with high, medium and low accuracy
in the different context, more tests and experiments with
different objects are necessary. Furthermore, we still have to
explore the boundaries and opportunities of using a digital
twin for at a higher strategic and planning level.
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