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ABSTRACT

The interest for digital twins has kept rising over the recent years.
With potential applications in different sectors, digital twins, like
other robotic and autonomous systems, will have to interact with
humans and in many cases collaborate with them. The present
paper is a work in progress and applies text mining techniques
to explore the use of digital twins for human-robot interaction
scenarios.
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1 INTRODUCTION

Despite the growing interest for digital twins, finding a standard
definition remains a challenge. For example, Semeraro et al recently
reviewed several definitions with a focus on smart manufacturing
[8]. But more generally, Walker et al. describe a digital twin as “a
virtual replica or representation of a real object or robot” [9]. Digital
twins thus aim to replicate physical objects, enable to monitor and
control them from afar.

Nowadays there are numerous attempts to make these digital
twins collaborate directly with human operators or co-workers.
To explore this research area, we collected some data and applied
text mining techniques (topic modelling, clustering and sentiment
analysis) to explore the trends, applications and sentiments towards
digital twins for human-robot interaction (HRI).

2 DATA COLLECTION

We collected data through Google Scholar using the following key-
words “digital twins human-robot interaction” and “digital twins
human-robot collaboration”. This gave 5,580 results compared to
378,000 results for the keyword ‘digital twins’ only. This big dif-
ference in the search results quickly highlights that the human
interaction aspect is currently an under-explored research area.
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The data was collected between January 16th and 31st 2023, we
only considered the first 100 top results given by Google Scholar
but future work should include more papers. To decide whether a
paper truly focuses on human interaction, papers were screened
based on their titles, abstracts, keywords, contents and publication
venues. Out of the 100 papers selected initially, 18 of them were
previously published review papers that did not directly address
the use of digital twins for human-robot interaction, 20 papers were
excluded and not focused on HRI. 62 papers were finally included
and used as data for the present analysis.

3 STATISTICS

Below we present some statistics about the data.

3.1 Publication dates and types

The use of digital twins for HRI is in its early phases, as shown in
Fig. 1. The vast majority of the papers were published within the
last three years with 30 in 2022, 12 in 2021 and 5 in 2020. Publi-
cations were approximately equivalent in types, journals articles
were slightly preferred over conference papers, cf. Fig. 2.

2015 ] 2016 | 2017 | 201 | 2019 | 2020 | 2021 |

Figure 1: Histogram of publication dates

3.2 Geographical locations of authors

The countries of authors have been extracted from each publica-
tion and classified into two categories: the main author’s country
(described as the primary location) and the co-authors’ countries
(described as the secondary location).

The 62 publications originate from 20 different countries, includ-
ing 17 international collaborations bringing together up to three
different countries, but the large majority of the collaborations
were limited to two neighbouring countries. Fig. 3 shows the pri-
mary countries of the publications and Fig. 4 shows the secondary
countries of the publications.

As shown in these figures, China is the most active country
with 17 primary publications out 62, followed by the the UK (7
primary, 3 secondary), Italy (7 primary, 1 secondary), the USA (5
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Figure 2: Histogram of publication types

primary, 3 secondary), Denmark (6 primary), Germany (3 primary,
2 secondary), Sweden (2 primary, 3 secondary), Estonia (3 primary),
South Korea (2 primary, 1 secondary), Japan (2 primary), Greece (2
primary), France (1 primary, 1 secondary), Hungary (1 primary, 1
secondary), New Zealand (1 primary), Australia (1 secondary), India
(1 primary), Switzerland (1 primary), Canada (1 primary), Ireland
(1 secondary), Austria (1 secondary).

Figure 4: Secondary countries of co-authors

Fanta Camara

3.3 Main areas of applications

To get an idea of the main areas of applications of digital twins for
HRI, we performed a manual screening of the papers and classified
them into different sectors, as shown in Fig.5. A large number of
the studies (42%) were performed for the manufacturing/assembly
sector. Other applications included general human-robot collabo-
ration tasks (16%), safety and risk assessment (11%), construction
(6%), socially assistive robotics (5%), design and ergonomics (5%),
smart homes/buildings (3%), nuclear and dangerous environments
(3%), unmanned aerial vehicles (UAVs) (1%), offshore energy (2%),
space/satellite (2%), warehouse (2%) and telemedecine (2%).

Space/satellites Warehouse
2% 2%

Offshore Energy - Telemedecine
% 2%

uAvs

Nuclear/Disastrous Environments 17
B3

‘Smart Homes/Buildings
3%

Design/Ergonomics.
5%

Manufacturing/Assembly
Socially Assistive Robots. a2%
5%

Safety/Risk Assessment/Securi
1%

Human-Robot Collaboration
16%

Figure 5: Areas of application for digital twins in HRI

4 TOPIC MODELLING

Main themes and topics were extracted from the titles, keywords
and abstracts of the papers using Orange topic modelling tool [4].
We cleaned the corpora by filtering out stopwords (i.e. most com-
mon English words) that have little or no meaning.

The resulting word clouds from the titles, keywords and abstracts
are shown in Figs. 6, 7 and 8, respectively. As we can see, the main
themes of digital twins, human-robot collaboration, interaction
are highlighted in the word clouds of the titles (Fig. 6) and of the
keywords (Fig. 7), however the word cloud of the abstracts (cf. Fig.
8) puts less emphasis on the interaction and collaboration aspects
but focuses more on the potential applications such as assembly.

Fig. 9 shows the top bigrams (i.e. group of two words) that were
found in the abstract corpus. As expected, the top bigrams include
the main topic of this paper, with words such as “digital twins”,
“human robot”, “robot collaboration” and “robot interaction”. But the
bigrams also inform us about the techniques, tools or applications
used during the research experiments such as “mixed reality”, “cyber
physical”, “virtual reality” and “assembly process”.

5 CLUSTERING

With clustering we attempt to group similar papers together based
on texts from their titles and abstracts. We used the hierarchical
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Figure 6: Word cloud based on papers’ titles
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Figure 8: Word cloud based on papers’ abstracts

clustering tool [6] in Orange and fixed the number of cluster to ten,
arbitrarily. The resulting clusters are shown in Fig. 10.

We can see that for some clusters such as C1, C3, C6 and C8,
papers were grouped almost as exactly as from the manual anno-
tations. But for some other clusters such as C2 and C10, we find
some big differences between their respective areas of application

VAM-HRI 2023, March 13-16 2023, Stockholm, Sweden

Method v Score

1 digital twin 377.831

2 human robot 216.354
—

3 real time 173.665

4 robot collaboration 104.999
-

5 digital twins 81.922

6 mixed reality 56.185
-

7 cyber physical 54.656

8 robot collaborative 54.259
-

9 robot interaction 45.543

10 collaborative assembly 44.756

1 virtual reality -43.260
12 collaboration hrc . 28.824
13 twin dt . 17.885
14 assembly process . 17.493

Figure 9: Top bigrams based on papers’ abstracts

e.g. UAVs, construction, telemedecine and manufacturing. It should
be noted that during the manual annotations, it was difficult to
assign an area of application to some papers, as this information
was not always clearly available from looking at the title, keyword
or abstract but required reading the content of the paper.

The ten clusters are then projected into the 2D plan using multi-
dimensional scaling (MDS) [2]. The result is shown in Fig. 11, with
clusters ranked in the temporal order along the x-axis, i.e. the far
left cluster corresponds to a publication in 2015 and the far right
clusters correspond to papers published in 2023.
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Figure 10: Hierarchical clustering results alongside the man-
ual annotations of the main areas of applications.
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Figure 11: 2D projection of clusters by multi-dimensional
scaling (MDS) in a temporal order (far left cluster: 2015, far
right cluster: 2023)

6 SENTIMENT ANALYSIS

We performed sentiment analysis on the corpus of abstracts to
examine whether the emotion in the papers is positive, negative or
neutral. One could imagine that scientific articles only report facts
that may be regarded as neutral. But one could also imagine that
with the excitement around novel technologies such as autonomous
vehicles, digital twins or artificial intelligence, society creates a
hype that can encourage researchers to promote their work as the
solution to some challenges faced by these technologies.

We used Orange’s sentiment analysis module with Vader method
from NLTK. This module predicts the sentiment from text by first
scoring each sentence and then averaging these scores into a final
score. Fig. 12 shows the workflow for the sentiment analysis and the
result is shown in Fig. 13 as a Blue-Green-Yellow heatmap with blue,
green and yellow corresponding to negative, neutral and positive
sentiments, respectively.

On one hand, two abstracts have the lowest (blue) scores and
are classified as having a negative sentiment. A closer look at the
vocabulary used in the most negative text (score=-0.8885) confirms
this result. For example, we find words such as “potential attack”,
“damage to the surrounding humans and facilities”, “ person in the
middle attack” and “collapse of the cyber physical system” [1]. The
second most negative (score=-0.5859) text contains words such as
“putting humans at risk” or “emergency response” [7].

On the other hand, two abstracts have the highest scores and
are classified as very positive. One abstract contains words such as
“Interesting opportunities”, “perceived value”, “potential usefulness”
[3]. The other abstract talks about “key technology”, “a new chance”,
“a more flexible interactive mode” and “improve machine efficiency
and operation safely” [5].

7 DISCUSSION

This work in progress aimed to explore research works about digital
twins for human-robot interaction using text mining techniques.

Fanta Camara
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Figure 12: Workflow for sentiment analysis

-0.8885

=
_io
@
@

compound

pos
neg
neu

-0.8885
-0.5859
0.1621
0.3818
0.4215
0.4767
0.4871
0.5423
0.6124
0.5994
_{ 0.7096
0.743
0.7783
0.7783
0.7783
0.802
0.8016
0.7908
0.8807
0.8032
0.8081
— 0.8022
0.9217
0.9164
0.9081
0.9349
0.8426
0.8544
0.86889
0.8481
0.8481
0.8442
0.8625
0.8176
0.8316
— 0.8519
0.8655
0.765
0.9805
0.8671
0.9545
0.8612
0.9382
0.9773
0.9525
0.8517
0.9878
+ 0.8455
0.9248
0.9628
0.9676
0.8517
0.8766
0.988
0.9818

|

Figure 13: Heatmap of the sentiment analysis results by or-
der of sentiment (blue: negative, green: neutral, yellow: pos-
itive).

The results of topic modelling, clustering and sentiment analysis
provide some useful insights about the data and motivate for further
and deeper analysis of the papers’ contents. But the data used for
text mining is relatively small to make any general conclusions,
future work will require a larger number of publications to help
identify research trends and gaps in the use of digital twins for HRI.
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