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T

he use of robotics in health care has seen a recent
rise in interest due to its potential for use during
the SARS-CoV-2 pandemic. The transmission rate
of COVID-19 has meant that health-care workers
are under increasing pressure, risks, and workload
to manage the requirements of personal protective
equipment, strict disinfection procedures, and the heightened
medical needs of patients. Patients are suffering from
isolation, and not just in hospitals: higher-risk individuals
must shelter, meaning social interactions, particularly in care
homes, are limited. Robots can help by providing disinfection
and logistics services that support patients and health-care
professionals, by acting as devices to be used for rehabilitation
at home (for both pre-existing conditions and for COVID-19related treatment), and via interventional systems that can
widely distribute future vaccinations.
This article reports on the first 10 industrial projects funded by the Digital Innovation Hubs in Healthcare Robotics
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(DIH-HERO) project across Europe that will have a clinical
impact within a two-month time frame. We outline the application areas of robotics that can support health care, via, e.g.,
robots working with health-care professionals, robots aiding
patients, diagnostic robotics, rehabilitation robotics, and
interventional robotics. We found that robots providing disinfection and logistics services can have the highest short-term
impact.
COVID-19 Issues, Challenges, and Actions Taken:
The European Robotics Perspective
Throughout history, significant scientific discoveries have
occurred during times of global challenges. Although huge
efforts have been undertaken and strategic thinking has been
applied by governments, industry, and research groups to
support the development and uptake of technical innovation,
it is rarely enough to appropriately respond to emergent situations. We are currently faced with the global challenge of the
COVID-19 pandemic, and we must succeed in reducing the
barriers to technology adoption, particularly in our healthcare systems. This will only be achieved by matching
© IEEE 2021. This article is free to access and download, along with rights for full text and data mining, re-use
and analysis.
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Figure 1. The health-care robotics innovations being developed under the DIH-HERO COVID-19 call within the timeline of the
COVID-19 disease.

technical innovations with the direct needs of health-care
professionals and ensuring that trustworthy, effective, and safe
solutions are provided in a timely manner.
Robotics is recognized as a key technology capable of
making an essential contribution to the world’s health and
economy [1] within the context of a pandemic. We have identified potential applications for disinfection, medication and
food delivery, vital signs measurement, disease prevention,
diagnosis and screening, patient care, and disease management. However, as this article was published while the virus
was emerging, it is not clear whether these applications were
mature enough to be rapidly applied. COVID-19 has drawn
attention to the challenges of maintaining a functioning
health-care system due to the rapid spread of the disease,
especially among frontline workers. To this end, the robotics
community has largely focused on developing a new generation of service and social robots [2], [3].
This article provides an overview of robotic innovations in
response to the COVID-19 pandemic from the European network of DIH-HERO [4] within the scope of our European
Union (EU) Horizon 2020 research innovation action. We
discuss how robotic technologies can support the fight against
SARS-CoV-2 with respect to the timeline of COVID-19. As
noted previously, we consider the impact robotics may have
in the following application areas: diagnostic robotics, interventional robotics, and rehabilitation robotics as well as
robotics supporting patients and health-care professionals.
Each of these domains has area-specific challenges and potentials that can significantly change its level of importance and

assigned priority. The transmission rate of COVID-19,
restrictions on travel, and the coordination of different hospital organizations have also raised completely new challenges
that must be addressed.
To accelerate robotic technology in health care that can be
developed and tested in a clinical setting within a project duration of eight weeks, DIH-HERO announced a €1 million call
for projects, each receiving up to €100,000 of financial support.
Over a two-week call duration, 146 applications were received
from 30 different European countries, highlighting the agility of
the European community. Ten projects having clear clinical relevance were selected (see Figure 1 and Table 1) and could have
an impact in a short time frame. It was required that these projects must have also considered the applicable regulatory and
certification pathways for their devices.
Robotics Response in Diagnostics
Diagnostic robots focus on three main areas: the autonomous
operation of equipment (such as endoscopes, ultrasonic probes,
or examination tables [5]), robotic laboratory setups (such as
the automatic handling and processing of samples), and telepresence robots that can measure vital signs (such as temperature, heart, and respiration rates [6]) and interact with patients.
These systems can increase performance, reduce processing
time, and improve uniformity while allowing health-care professionals to monitor the patient from a safe distance.
The systems provide support to health-care professionals
and patients during all phases of the disease (Figure 1). However, the DIH-HERO call did not fund any new diagnostic
MONTH 2021

•

IEEE ROBOTICS & AUTOMATION MAGAZINE

Authorized licensed use limited to: IEEE Xplore. Downloaded on February 15,2021 at 15:31:00 UTC from IEEE Xplore. Restrictions apply.

•

3

This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

Table 1. The funded projects of the DIH-HERO COVID-19 call.
Company (Country)

Primary Application Area

ACCREA Engineering (Poland)

Robotics supporting health-care professionals

Disinfecting RoboT (DisiRT)

Akara Robotics (United Kingdom)

Robotics supporting health-care professionals

Disinfectant RObots to Protect Against COVID
(DROPAC)

F&P Robotics (Switzerland)

Robotics supporting patients

Autonomous sanitizer and assistant (Lio)

Hocoma (Switzerland)

Rehabilitation robotics

Sensor-based arm and hand-functional telerehabilitation with ArmeoSenso (Tele-AX)

Jonker-Makis Robotics
(The Netherlands)

Robotics supporting health-care professionals

Autonomous mobile disinfection robot SAMAir (SAM-Air)

KELO Robotics (Germany)

Robotics supporting health-care professionals

Autonomous robots for disinfection (ARODIS)

MetraLabs (Germany)

Robotics supporting health-care professionals

Portable and agile autonomous disinfection
robot (STERY)

PAL Robotics (Spain)

Robotics supporting health-care professionals

Fast deployment of AVs in hospitals (TIAGo
delivery)

Rubedo Sistemos (Lithuania)

Robotics supporting health-care professionals

Unmanned disinfection solution (UDS)

Voxdale (Belgium)

Interventional robotics

Robot for intradermal drug delivery (ROB-ID)

robotic projects as they require substantial research, development, and testing and, as yet, cannot be rapidly deployed in
clinical settings. Particularly, new robotic solutions for monitoring vital signs or physical interaction with patients (e.g., for
swab sampling) need extensive safety testing and validation,
limiting their availability for a rapid response. Nevertheless,
these approaches have potential in analyzing samples en masse
and thus help in the early containment phase of the disease.
Robotics Response in Interventions
Due to tremendous advancements in actuation and sensing
over the last two decades, robots can now perform direct
interventions, contributing to better treatment outcomes.
Emerging surgical robots are used in a number of intervention procedures, from laparoscopies, colonoscopies, and
breast biopsies to general surgery [7].
The key features of interventional robotics, such as doctorless intervention, less-invasive procedures, and operations
from a distance, are all promising approaches in the fight
against COVID-19 as they minimize physical interactions,
shorten recovery periods, and consequently reduce pressure
on hospitals. As such, these systems can perform direct interventions on patients to treat COVID-19 and prevent the disease from further spread (Figure 1). However, similar to
diagnostic robotics, many of these systems are not yet mature
enough for adoption.
One clinical challenge in this area is that of physically injecting
a global population with a vaccine, due to the limited availability
of health-care workers who can adequately give the injection and
the need to protect them from infection. The funded DIHHERO project in this domain addresses a fast and widespread
robotic vaccine delivery system. Voxdale’s robot for intradermal
drug delivery (ROB-ID) solution delivers safe intradermal vaccination, which allows for greater patient coverage per dose
amount as only one-tenth of the dose is needed to achieve an
equivalent immune response compared to widely used
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intramuscular vaccinations. This could allow the world’s population to be vaccinated in a timely manner based on current vaccine manufacturing capacity.
ROB-ID includes a kiosk with a vaccine carrier (multiple
doses), an arm rest for the vaccine, and a four degrees-of-freedom (DoF) robotic arm, equipped with an end effector for
intradermal delivery of the vaccine. In less than a minute, the
autonomous system can load a new dose, safely deliver the vaccine, and dispose of the used container, all while avoiding physical contact between the patient and clinical personnel. ROB-ID
brings value in multiple contexts. There is the clinical benefit of a
higher vaccination rate for the same amount of vaccine via the
intradermal injection method, which leads to a faster herd
immunity and has a follow-on, positive economic impact. The
setup of the system also means that social distancing between
patients and health-care workers can be maintained, avoiding
potential virus spread before a vaccine immunity is triggered.
ROB-ID is not limited to COVID-19 vaccines.
Robotics Response in Rehabilitation
Robots have substantially changed the field of rehabilitation
over the past 25 years. Robot-aided physical therapy has
shown encouraging results while allowing for greater patient
compliance, increased exercise intensity, and quantitatively
accurate feedback on patient performance [8]. The technology opens the possibility of telerehabilitation in loosely supervised environments: Patients can train at home, interact with
a robotic device and tailored exercise program, and exchange
diagnostic data with a remote clinician [9].
The COVID-19 pandemic has had a substantial impact on
the field of rehabilitation; some rehabilitation centers are temporarily closed, hospitals have reduced their rehabilitation services for noncritical patients, and many patients do not begin a
rehabilitation program due to fear of infection. The resulting
limited access to human and infrastructural rehabilitation
resources is problematic.

MONTH 2021

Authorized licensed use limited to: IEEE Xplore. Downloaded on February 15,2021 at 15:31:00 UTC from IEEE Xplore. Restrictions apply.

This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

Four groups of patients that actively need rehabilitation can
be identified: 1) patients with diseases and surgeries that cannot
be planned or postponed; 2) patients who underwent surgery
prior to the outbreak of the pandemic; 3) patients with chronic
injuries; and 4) patients after a long COVID-19-related intensive care unit (ICU) stay, with consequent loss of muscle mass,
neuropathy, and/or myopathy [10]. Up to 25% of hospitalized
COVID-19 patients need prolonged care in an ICU [10].
Rehabilitation robots not only directly benefit patients
with COVID-19, but they can also be used for prevention, as
a further rapid spread of SARS-CoV-2 can be counteracted in
noninfected patients in need of therapy (see Figure 1). The
DIH-HERO-funded ArmeoSenso project by Hocoma AG
aims to achieve this via a simple, versatile, and easy-to-use
platform. It combines three inertial measurement units
(IMUs) placed on a patient’s upper arm, forearm, and trunk
with a handheld module that comprises an IMU and a pressure sensor (Figure 1). The system wirelessly streams data to a
standard PC and provides structured therapeutic exercises
within game-like virtual environments. The goal is to increase
a patient’s range of motion, strength, endurance, and movement coordination. The therapist can set up a personalized
therapy plan and check the progress remotely.
The ArmeoSenso can be used as follows:
●● 
in a one-to-one therapy setting, with full, live supervision
from a therapist through a camera integrated into the system
●● 
in a one-to-many mode, where one therapist partially
supervises a group of patients
●● 
independently by the patient outside of regular therapy
hours at home.
By providing the guidance and motivation needed for
physical therapy, telerehabilitation robots will support patients
in the safety of their own homes, with little overhead for therapists. Moreover, contact with clinical personnel and other
patients, even if remotely, could diminish the negative psychological effects of social isolation.
Robotics Response in Support of Patients
Research activities in this area are multifaceted and increasingly focused on social and assistive robots in nursing [11],
[12]. The clinical challenges in this field are diverse, and the
technical understanding of the individual user must be considered. Solutions cover a wide range of domains, but, in the
context of COVID-19, logistics and strengthening emotional
well-being are the two main application areas where robots
can support patients. Logistics is particularly applicable in
pandemic situations as major effort (e.g., putting on protective clothing) must be currently undertaken by health-care
workers to ensure everyday needs, such as serving food.
Robots can also strengthen emotional well-being, especially
when patients are isolated, by providing either a means of
communication with family members or entertainment.
As illustrated in Figure 1, these systems are applicable during all phases of the COVID-19 disease. As part of the DIHHERO COVID-19 call, the extension of an existing robot,
called Lio, from F&P Robotics was funded. Lio is a personal

assistant robot capable of autonomous navigation and interaction with the environment and people. Lio consists of a base
platform, a 4-DoF robotic arm, and a gripper. The base platform is equipped with two depth cameras and two lidars to
map the environment and embedded loudspeakers and
microphones to verbally interact with people. The robotic
arm features safety-compliant position control to gently interact with people and high-impedance objects. Lio’s gripper has
two custom-designed fingers with soft covers for grasping,
lifting, and manipulating objects up to 130 mm. It is designed
to deliver food and distribute and collect goods.
The extension consisted of equipping Lio with a handheld
ultraviolet (UV) device, allowing it to disinfect frequently
touched surfaces. In this context, it further supports healthcare professionals (see the “Discussion and Conclusions” section) and helps limit the spread of the virus. The added value
of Lio is particularly applicable for isolated patients in normal
wards or nursing homes as they are often unable to leave and
a limited or a no-visitor policy is in place. Technology that
alleviates isolation and provides support services can have an
enormous impact, not only for inpatient care but also for the
care of immobile patients in nursing homes especially when
there is a shortage of care staff. Robots can provide support
services and connection to the outside world, giving patients
more independence and reducing the workload of health-care
workers, allowing them to focus on more complex tasks.
Robotics Response in Support of Health-Care
Professionals
Robots supporting professionals is a multifaceted area with
high potential but many unsolved challenges. This area also
covers a broad spectrum of applications, such as assistants
that help with daily tasks like dressing and lifting patients
from bed [13], monitor the health- and safety-related aspects
of patients, and meet patient needs while respecting all ethical
concerns [14]. Other applications include clinical training
bots, the distribution of drugs, specimen collection, patient
tissue-related material handling, and bed transport.
During the COVID-19 pandemic, contactless supply and
support in disinfection is an essential target application to
support medical professionals over the complete course of
the disease (Figure 1), as demonstrated by the number of
DIH-HERO projects awarded grants for this purpose (see
Table 1). According to clinical feedback from the funded
projects, these systems are vitally needed, and establishing
trust in proven disinfection methods is crucial for the
uptake of mobile disinfection platforms. The most common
disinfection techniques are based on 1) hydrogen peroxide,
which uses oxidative processes to kill microorganisms, and
2) UV light, which destroys microorganisms by denaturing
DNA and RNA.
The design of these robots must consider the risk of toxicity to people in the environment as well as optimal navigation through workspaces. Precise navigation is essential to
ensure adequate disinfection coverage and guarantee obstacle avoidance. These requirements are the same for robot
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Figure 2. An overview of health-care robotics application areas
within the DIH-HERO call for funding in health-care robotics
fighting COVID-19.

applications in spaces such as hospitals, ambulances, clean
rooms, and nursing homes, and the robots must be able to
process items such as tables, beds, trolleys, and door handles.
How robots function in environments that may include
humans is vital to meet relevant safety standards, and consideration must be given to the UV radiation wavelength,
amount of time of exposure, radiation or application angle,
and spraying method (direct, hybrid, or fogging).
Six disinfection projects and one logistics support project have been funded based on the DIH-HERO COVID19 call in this area. Akara Robotics is developing an
affordable UV solution that can speed up the disinfection
of radiology treatment rooms tenfold. MetraLabs’ portable and agile autonomous disinfection robot STERY uses
UV lights sensors to detect the correct exposure for disinfecting specific objects. It introduces a user-friendly
mobile application for the disinfection process configuration and autonomous charging at a provided docking station. In addition, KELO Robotics is developing a mobile
robot that can work in the proximity of humans by modulating UV-C as needed. Its person-detection system is
based on four red, green, blue (RGB) cameras providing a
360° field of view. Jonker-Makis Robotics’ SAM-Air
autonomous mobile disinfection robot combines air filtering with a probiotics surface-cleaning spray that can
achieve an affordable, around-the-clock, safe disinfection
solution.
Rubedo Sistemos is upgrading its existing autonomous
mobile robot to include disinfection modules that utilize an
ionized hydrogen peroxide mist spray that is nontoxic and
leaves no residual deposits on disinfected surfaces other than
water vapor and oxygen. It is noncorrosive, friendly to various
materials, and does not damage medical equipment or computers. Rubedo Sistemos’ VIPER Perception System, powered
by the NVIDIA Jetson TX2 graphics processing unit, which is
6
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integrated with the solution, detects humans, while the company’s ORCA smart navigation system allows users to create a
catalog of disinfection maps (to specify driving routes and
mark waypoints). Finally, ACCREA Engineering’s Disinfecting RoboT (DisiRT) system will be the first European solution to provide multimodal disinfection possibilities (for
example, UV lights, disinfection fluid dispenser, and ozone
gas generator) while maintaining safety via an advanced sensor-fusion system.
Developing supportive robotic solutions for healthcare professionals is essential for reducing their burden
and lowering the number of physical interactions, thereby
lowering the chance of infection to frontline workers.
Delivery robot is equipped with a laser sensor, a Triton
camera for object recognition, and depth cameras for
obstacle avoidance, which allows for autonomous navigation and mapping so it can safely deliver medications,
blood samples, and medical supplies to patients and medical personnel.
Seven (out of 10) DIH-HERO funded projects in this
application area indicate the need for upscaling and fast
deployment of these technologies. This is particularly
important to ensure that we can quickly respond to an
increase in the number of COVID-19 cases during future
waves.
Discussion and Conclusions
The robotics community has responded to the challenges we
now face, creating opportunities to use robots for the benefit
of our health-care systems and wider society. We are seeing
new business models developed that can create sustainable
products for wide use in the future. Barriers of trust are being
broken down between the general public and technology creators as robots are successfully and safely working alongside
humans.
In our analysis of the DIH-HERO COVID-19 call
(Figure 2), most of the applications targeted the domain of
robots supporting health-care professionals (64), patients
(27), and diagnostics (29), demonstrating the priorities of
supporting frontline health-care workers and reducing the
spread of the disease. From Table 2, we can immediately see
that autonomous platforms are key for logistics support and
disinfection. These systems are enabled by advances in embedded sensors (such as lidar, proximity sensors, and 360° RGB
cameras) for both navigation and obstacle detection. The notable project results highlight interactive graphical user interfaces
designed around the needs of health-care workers and
informed by their direct feedback. In this way, usable systems
that meet real needs are being created. We also see that user
safety is paramount, especially when direct interaction between
the robot and patient is required. In these cases, supervisory
control may still be needed (for rehabilitation) or a controlled
setup devised (such as the arm placement mechanism for
autonomous vaccine delivery) as well as extensive testing.
Indeed, all robotic devices must have a CE marking of
conformity, which means in the cases of those robots that
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Table 2. An overview of the main technical features of the DIH-HERO industry projects.
Project
Acronym

Project Aim

Distinctive Feature(s)

Results/Impact on COVID-19 and Beyond

DisiRT

Autonomous disinfection
of isolation ward areas

Multimodal disinfection

Real-time visual feedback with safety features

DROPAC

Autonomous disinfection
of radiology treatment
rooms

A 360° computer vision system used to
track people in the vicinity of the robot

Disinfection benchmarking against manual
techniques (time and effectiveness); an
interactive graphical user interface; hospital
proof-of-concept validation

Lio

Personal patient assistance; disinfection of
nursing homes

Seamless transition between the social
and disinfection robots

UVC disinfection of frequently touched surfaces (door handles)

Tele-AX

Home-based rehabilitation

Remote, data-driven therapy program

Telerehabilitation system for upper-extremity
training in simulated and real operational
environments

SAM-Air

Autonomous disinfection
of public environments

Probiotics cleaning sprays

—

ARODIS

Autonomous disinfection
of public environments

Human-detection safety feature based
on four RGB cameras

UVC dose versus distance characterization

STERY

Autonomous disinfection
of public environments

High power-density UV; autonomous
charging at the provided docking station

Effectiveness of delivered UVC dose; a mobile
app for disinfection configuration

TIAGo
delivery

Autonomous transportation of sensible goods

Multisensory system for SLAM and object
recognition and precise delivery

Logistic solution adaptable to varied environments

UDS

Autonomous disinfection
of public environments

Ionized hydrogen peroxide spray, the
VIPER Perception System, and the ORCA
smart navigation system named ORCA

Spraying disinfection solution validated in the
clinical settings and by the virus biomarkers

ROB-ID

Autonomous vaccine
delivery

Standardized intradermal vaccine injection

Increased vaccination coverage; solved vaccine shortages (10% of the dose is needed)

SLAM: simultaneous localization and mapping.

are medical devices, a marking by which a manufacturer
indicates that a device is in conformity with the applicable
requirements set out in the Medical Devices Regulation
(MDR) and other applicable EU harmonization legislation.
However, given the dramatic situation in hospitals and
other places due to COVID-19 and a strong interest of public health in such technologies to help professionals and
patients, an emergency-use authorization procedure can be
applied. According to Article 59 (“Derogation From the
Conformity Assessment Procedures”) of the MDR, any
competent authority may authorize, on a duly justified
request, the placing of specific medical devices on the market or putting into service within the territory of the Member State concerned.
Going forward, we must understand the evolution of these
technologies by 1) expanding the use cases of logistics and
disinfection robots outside of clinical settings, 2) encouraging
patients to continue physical therapy at home, and 3) providing less-invasive or distance-based robot interventions. Furthermore, other robotic solutions for the domains we have
previously described and outlined in Figure 1 should also be
evaluated, e.g., by using robots to support mental health [1],
which will require extensive design and user feedback.
Following this COVID-19 DIH-HERO project call, we
will continue to support European health-care robotics.
Our role is to reduce the barriers that hinder robotics technology from reaching the health-care market at all stages of

the innovation timeline. Key to this is comprehensive interaction among stakeholders (the public, patients, companies,
clinicians, investors, policy makers, researchers, educators,
and so on), which we are working to achieve via community engagement, brokerage events, and, ultimately, our
online portal. A part of our digital offer is a service catalog
(https://services.dih-hero.eu) where stakeholders can
engage in knowledge sharing, find partners, understand the
market, connect with clinicians, and disseminate their
activities. The Future Technology Demonstrator and Technology Transfer Experiment DIH-HERO project calls have
begun or are planned, all with the intention of supporting
and growing the European robotics industry for health-care
applications.
The contributions robots have already made and will
continue to make in terms of supporting the fight against
COVID-19 motivate innovation. They pave the way for the
wider use of robots in diagnostic, rehabilitation, and interventions and in supporting patients and health-care professionals.
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