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Abstract—This article examines 152 reports the use of robots
explicitly due to the COVID-19 pandemic reported in the science,
trade, and press from 24 Jan 2021 to 23 Jan 2022 (Year 2) and
compares with the previously published uses from 24 Jan 2020 to
23 Jan 2021 (Year 1). Of these 152 reports, 80 were new unique
instances documented in 25 countries, bringing the total to 420
instances in 52 countries since 2020. The instances did not add
new work domains or use cases, though they changed the relative
ranking of three use cases. The most notable trend in Year was
the shift from a) government or institutional use of robots to
protect healthcare workers and the Public to b) personal and
business use to enable the continuity of work and education. In
Year 1, PUBLIC SAFETY, CLINICAL CARE, and CONTINUITY OF
WORK AND EDUCATION were the three highest work domains
but in Year 2, CONTINUITY OF WORK AND EDUCATION had the
highest number of instances.

Index Terms—robots, rescue robots, ground robots, aerial
systems, technological innovation, technology transfer

I. INTRODUCTION

This paper summarizes the use of ground, aerial, and marine
robots explicitly for COVID-19 applications from 24 Jan
2021 to 23 Jan 2022, the second year following previous
publications covering the first year (24 Jan 2020 to 23 Jan
2021) [1], [2]. The intent is to compare Year 2 with Year 1 in
terms of:

• Were there changes in countries reporting robot use?
• Were there changes in applications, for example, did

disinfection, telepresence, and delivery remain top cross-
cutting priorities?

• Were there changes in modality, did uncrewed ground or
aerial system use increase or decrease?

• Where there changes in overall international trends?

This material is based upon work supported by the National Science
Foundation under Grants IIS-2032729 and SES-2125988. Any opinions,
findings, and conclusions or recommendations expressed in this material are
those of the authors and do not necessarily reflect the views of the National
Science Foundation.

The paper contributes both to robotics and to robotics policy.
The results help roboticists to understand what is being used.
The results also can aid the development of robot policies
by projecting the pattern of technology investments during a
pandemic or disaster. It should be noted that is beyond the
scope of this paper to address research gaps or long-term
research directions as it concentrates only on documenting
what was used.

II. RELATED WORK

Fig. 1: The six work domains established in [1]–[3].

This paper extends data collected and analyzed in our previ-
ous works [1]–[3]. Those publications established a methodol-
ogy for work domain and use case analysis based on iteratively
clustering [4], identified international trends, and identified
demand pull model for adoption during a disaster. The results
showed that there were 338 clearly documented instances of
robots used explicitly for COVID starting on 24 Jan, 2020,
with 221 of these for ground vehicles, 117 for aerial systems,
and 2 for marine vehicles. The instances clustered into six
work domains shown in Fig. 1:

• PUBLIC SAFETY
• CLINICAL CARE
• CONTINUITY OF WORK AND EDUCATION
• LABORATORY AND SUPPLY CHAIN AUTOMATION
• QUALITY OF LIFE, and
• NON-HOSPITAL CARE.
The formal clustering methodology and criteria for inclusion

or exclusion distinguishes this paper from similar compendi-
ums using ad hoc categorization of use cases, notably Wang



and Wang [5], which identified 280 papers in the literature
through November 2020 to determine 22 theoretical use cases
and Shen et. al [6] with 200 reports. As will be described in the
next section, this work used the iterative clustering method in
[4] to establish socio-economicwork domains with distinctly
different i) stakeholders who make the adoption decision, ii)
interactants with different skills and expectations, iii) unique
regulatory or budget constraints, iv) overall objectives, v) work
envelopes, and vi) -types of use cases.

This paper differs from speculative uses such as Yang, et. al
[7] by restricting consideration of only robots in actual use for
COVID related applications. It differs from domain-specific
examinations, such as Sarkar et. al [8] which concentrate on
a particular work domain, e.g., clinical care. This paper con-
centrates on establishing the actual use cases and international
trends, which differs from papers such as Wang and Wang [5]
which focused on identifying research gaps.

III. DATA COLLECTION METHODOLOGY

Fig. 2: Data collection methodology.

Fig. 2 illustrates the data collection methodology. Reports of
robot use are collected then filtered for actual robot use. Some
reports do not discuss a specific robot but highlight an ethical
concern about robots for particular use cases; these reports are
retained but will no be discussed here. The remaining reports
are examined to see if there are duplications and if so, merged.
Finally, the entries are split into work domains and use cases
using the clustering method in [4]. As noted in [1]–[3], the data
is certainly noisy but it is valuable because the large number
of instances should smooth out noise and trends are likely to
be underreported, not overreported.

This methodology is a variant of the PRISMA method for
systematic reviews [9] but with five major differences:

• It is not trying to assess the quality of reports only
determine the existence of robot use.

• Press and social media reports are included, not just
scientific papers and industry publications.

• The screening phase is more specific and divided into
three steps: filter (“reports accessed for eligibility”) but
also merge and split.

• The elimination of duplicates occurs in a special “merge”
step. The viral nature of social media post produces dupli-
cates that would distort the counting of actual instances.
However, some duplications are not verbatim but are
clearly reposts, thus removing duplicates is harder and
deferred to the screening phase.

• The method permits splitting. Articles which described
several models of robots would be counted toward each
model, not assumed that the models had to be discussed
together.

IV. CHANGES BY COUNTRY

Fig. 3 shows the 53 countries, the number of instances,
and the date of first reported adoption. The total number of
countries changed from 48 in Year 1 to 53 in Year 2. Twenty of
the Year 1 countries reported new instances in Year 2 with five
new countries being added to the list: Cape Verde, Indonesia,
Saudi Arabia, Vanuatu, and Vietnam. However, as seen in
Fig. 4, the countries who had embraced robotics in Year 1
continued to lead instances in Year 2. Indonesia was the only
country added in Year 2 to break into the top eight countries.

V. CHANGES BY APPLICATION

As detailed below, Year 2 did not see changes in the six
work domains or present new uses cases, but it did indicate
a shift in the relative ranking of the work domains and use
cases. Fig. 5 shows how the cumulative instances are divided
among the work domains and use cases.

A. Shift in Relative Ranking of Work Domains

Fig. 6 shows that in Year 2, the use of robots for CONTI-
NUITY OF WORK AND EDUCATION went from third place in
Year 1 to first place and QUALITY OF LIFE exchanged places
with LABORATORY AND SUPPLY CHAIN AUTOMATION. It
remained in third overall at the end of Year 2, but it is
interesting to see the shift from reports about public health and
safety applications to more business and routine work related
efforts and personal uses. This may reflect the lessening of the
lockdown and return to work during Year 2.

B. Shift in Relative Ranking of Use Cases

Following [1], 18 of the 29 use cases in Fig. 5 can be
grouped into three major cross-domain activities: delivery (5),
disinfection (3), and telepresence (10). The largest increase in
Year 2 was for delivery (22%) followed by disinfection (18%),
and telepresence (16%).

Delivery. Delivery use cases saw a 22% increase in Year
2, from 90 instances to 110. The majority of new instances
(10 out of the 20) were in DELIVERY for LABORATORY AND
SUPPLY CHAIN AUTOMATION. Going into more detail, there
are five delivery use cases:

i) DELIVERY & INVENTORY (CLINICAL CARE), ii) De-
livery (Laboratory and Supply Chain Automation), iii) DE-
LIVERY FOOD (QUALITY OF LIFE) and iv) DELIVERY NON-
FOOD PURCHASES (QUALITY OF LIFE), and v) DELIVERY
TO QUARANTINED (NON-HOSPITAL CARE). In Year 2, the
relative position of DELIVERY & INVENTORY remained the
same in CLINICAL CARE, the DELIVERY dropped one level
in LABORATORY AND SUPPLY CHAIN AUTOMATION, and
DELIVER TO QUARANTINE in NON-HOSPITAL CARE had no
new instances. Of the 20 new instances of delivery, only 7 were
with aerial systems. This may indicate that aviation regulatory
agencies did not extend emergency waivers to fly in urban
areas on Year 2 as people returned to work and moved about
their cities.

Disinfection use cases saw a 18% increase in Year 2, from
104 instances to 123. The majority of new instances (8)



Fig. 3: List of countries adopting robots for Year 1-2, orga-
nized by frequency, then date of first reported use.

Countries Who Embraced Robotics, 
Generally Continued to Lead Adoption

US 95
China 72
India 33
Great Britain 16
Italy 13
South Korea 12
Spain 12
Singapore 7

US 31
China 9
India 3
Italy 3
Thailand 3
South Africa 3
Indonesia 3
Singapore 2

US 126
China 81
India 37
Great Britain 18
Italy 16
South Korea 13
Spain 13
Thailand 10

Year 1 (1/24/2020-1/23/2021) Year 2 (1/24/2021-1/23/2022) Year 1-2 (1/24/2020-1/23/2022)
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Fig. 4: Top 8 countries adopting robots for Year 1, Year 2,
and combined Year 1 and 2. Blue highlighting indicates new
entries. Yellow indicates that the only change in countries from
Year 1 to combined Years 1 and 2.

were in DISINFECTING PUBLIC SPACES for PUBLIC SAFETY
but SANITATION WORK/SCHOOL saw a similar surge (7).
There are three disinfection use cases: DISINFECTING PUBLIC
SPACES (PUBLIC SAFETY), DISINFECTING POINT OF CARE
(CLINICAL CARE), and SANITATION WORK/SCHOOL (CON-
TINUITY OF WORK AND EDUCATION). In Year 2, DISIN-
FECTING PUBLIC SPACES rose to the top use case for PUBLIC
SAFETY, but remained in the same relative position for CLIN-
ICAL CARE and CONTINUITY OF WORK AND EDUCATION.
The increase in PUBLIC SAFETY may be due to the previous
most highly ranked use case, QUARANTINE ENFORCEMENT,
dropping from first to fourth place in Year 2. QUARANTINE
ENFORCEMENT most likely fell in Year 2 as the lockdowns
were lifted.

Telepresence use cases saw a 16% increase in Year 2, from
148 instances to 171. The majority of new instances (12)
were in TELEPRESENCE for CONTINUITY OF WORK AND
EDUCATION. There are 10 telepresence use cases: QUARAN-
TINE ENFORCEMENT (PUBLIC SAFETY), OBSERVATIONAL
TELEPRESENCE, PATIENT INTAKE & VISITORS, PATIENT &
FAMILY SOCIALIZING, and INTERVENTIONAL TELEPRES-
ENCE (CLINICAL CARE), and TELEPRESENCE (CONTINUITY
OF WORK AND EDUCATION), ATTEND PUBLIC EVENTS,
INTERPERSONAL SOCIALIZING, and OTHER PERSONAL AC-
TITIVIES (QUALITY OF LIFE), and QUARANTINE SOCIAL-
IZING (NON-HOSPITAL CARE). The increase in telepresence
for CONTINUITY OF WORK AND EDUCATION may be the
continued push to work remotely even as Year 2 saw relaxing
restrictions.

VI. CHANGES BY MODALITY

The blue (aerial), brown (ground), and gold (marine) boxes
in Fig. 5 give the numbers of instances by modality for the
work domains and use cases. The use of uncrewed aerial
systems (UAS) decreased from 34% in Year 1 to 15% in
Year 2 and 30% cumulatively. The decrease was notable
in each of the four work domains that had reported UAS
use: PUBLIC SAFETY, CONTINUITY OF WORK AND EDU-
CATION, LABORATORY AND SUPPLY CHAIN MANAGEMENT,
and QUALITY OF LIFE. 96% of the UAS instances for PUBLIC
SAFETY were reported in Year 1, suggesting that the major
use cases– quarantine enforcement, disinfecting public spaces,



Fig. 5: Cumulative distribution of instances for Years 1 and 2. The dark blue, brown, and gold boxes on the sides indicate the
number of instances of aerial, ground, and marine vehicles for that work domain or use case.

Fig. 6: Change in relative ranking of work domains based on
number of instances per year.

and identification of infected– were not needed in Year 2 as
lockdowns were relaxed. Marine vehicles were not reported
in Year 2 and overall marine use appears to have been highly
limited.

VII. OVERALL TRENDS

Fig. 7 shows a cumulative plot of the number of instances
by work domain superimposed on the epidemiological curves
for the world. As noted in [3], the plot shows that robots were
used for all six work domains in the first four months, with
PUBLIC SAFETY and CLINICAL CARE use exhibiting a sharp
rise and long taper. However, CONTINUITY OF WORK has
exhibited a steeper slope after the initial pandemic and has

almost overtaken CLINICAL CARE. This could indicate that
a) the use of robots is more newsworthy for CONTINUITY
OF WORK while the interest in CLINICAL CARE had reached
a plateau, b) the need for robots for CLINICAL CARE has
lessened or c) robots for CONTINUITY OF WORK became
more available and acceptable. Regardless, interest in robots
in use for CONTINUITY OF WORK continues to grow.

VIII. DISCUSSION

The data, especially how it relates to the progression of
the pandemic response, yields four observations and policy
recommendations. First is that Year 2 did not see new work
domains or use cases. This is consistent with the demand-
pull model of technology adoption during disasters [3], which
states that emergency managers generally know the use cases
that would be of benefit and do not rely on robotics companies
to push innovation.

Second, instances of robots for CONTINUITY OF WORK
AND EDUCATION were more frequently reported than for the
public health aspects of either PUBLIC SAFETY or CLINICAL
CARE. Furthermore, CONTINUITY OF WORK AND EDUCA-
TION showed a higher sustained slope in international trend.
This suggests that small businesses and consumers are en-
gaging with robotics, even as pandemic lockdowns decrease.
This may because individuals are seeing government and
big business use proliferate and becoming comfortable with
robotics use. It could also be a reflection of the decreasing
cost of robots for the pro-sumer market.



Fig. 7: Cumulative frequencies of robot use by work domain for all countries.

Third, the three big groups of use cases– delivery, dis-
infection, and telepresence– all increased about the same
(17 − 22%). Delivery instances increased the most in Year
2 (22%) but the majority of new instances (13 of 20) were
ground robots. Delivery remained same in CLINICAL CARE
and dropped in LABORATORY AND SUPPLY CHAIN AU-
TOMATION, while delivery to NON-HOSPITAL CARE facilities
was no longer reported. The shift from institutional delivery
to home QUALITY OF LIFE delivery, combined with a lack of
concomitant increase in UAS suggests that aviation waivers
either expired or no longer applied when urban areas resumed
daily life. Disinfection instances increased 18% in Year 2.
Interestingly, instances dropped in PUBLIC SAFETY, perhaps
driven by concerns over the health and environmental impacts
of spraying large outdoor areas with disinfectant [10]. Dis-
infection use cases remained in same position in CLINICAL
CARE and CONTINUITY OF WORK AND EDUCATION. Telep-
resence instances increased the least (17%), with a decrease
in relative frequency in PUBLIC SAFETY and elimination in
NON-HOSPITAL CARE. This may be due to the elimination of
quarantine camps and hospitals, re-opening of nursing homes,
and the use of laptops for remote social interaction.

Fourth, aerial vehicle use waned in Year 2 by (from 34%
of total to 18%, for cumulative use of 30%), while ground
robot use increased. UAS appeared to be primarily PUBLIC
SAFETY driven; it could be that the need or opportunity for
UAS use decreased as quarantine measures were relaxed. The
increase in ground robots could indicate a lag in acquisition;
ground robots are generally more expensive than small UAS
and there were supply chain issues with disinfecting robots.

The data also offers insights for robotics policy and technol-
ogy investments. In terms of robot policy, the initial timely use
of robotics is associated with multi-domain and sustained use.

Previous work [3] showed that six of the top eight countries
in Year 1 had national robotics policies or major initiatives
for investing in robots. As seen in Fig. 4, these countries
continued to dominate reports of robot use in Year 2. In
terms of projecting tech investments during a pandemic or
disaster, it should be noted that majority of use cases needed
in response to the pandemic or disaster are known or quickly
established [1], [2]; therefore, having a ready supply of robots
appropriate and available for that response is important. The
delivery, disinfection, and telepresence instances continued to
grow, building on the existing companies and how they were
able to ramp up. While the pandemic offered opportunities
to accelerate innovation, such as with aerial delivery, those
innovations may not be sustained and indeed reports of aerial
delivery were slight in Year 2.

IX. CONCLUSIONS

In conclusion, while the data is noisy and not well-suited
for statistical predictions, it offers observations for robotics
research, development, and policy. A key observation is that
the clustering of work domains and use cases did not change
from Year 1 to Year 2, though with a slight altering of relative
frequency of use cases within a domain. This change illustrates
a shift from robotics used by government or institutional
entities to protect healthcare workers and public at large
at the height of increasing infections to robotics use by
businesses and individuals to re-establish and sustain efforts
work, education, and quality of life similar to what existed
prior to the pandemic. One interpretation of the decrease in
use of aerial systems, especially for delivery, is that adoption
of novel technology requiring relaxing the aviation, or other,
regulations may only be temporary and as a result does
not predict longterm institutional adoption after the event is



over. Current work is interviewing public safety and health
officials in the US as to the reasons behind their adoption of
robots. Future work will examine the differences in models and
manufacturers and the overall technical readiness assessment
of robots reported for the first time in Year 2.
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