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Abstract— Ageing of the world’s population is one of the 

significant challenges of the modern era.  As the care resources 

are limited, new tools are needed for supporting elderly to live 

high quality life. Technology is identified as one of the potential 

tools. In this article, a combination of mobile robotics and RFID 

technology is used to provide a new tool for care homes, 

especially targeted for helping in night shifts. By combining 

passive RFID and mobile robots in a unique way, we create a 

system that can take actions in preventing potential accidents by 

identifying, alerting and helping a care home client at risk. The 

design process followed a co-design approach, where the use 

scenario and technical setup were created in a multidisciplinary 

collaboration. This was followed by building a laboratory 

version of the system, in which a mobile robot identifies and 

greets a person wandering in the care environment at night, and 

gently guides the person back to the room for a safe night. 

Although there are multiple technical details, which need to be 

developed further, the laboratory test results were very 

encouraging. 
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I. INTRODUCTION  

Autonomous mobile robots (AMR) can be utilized in a 
variety of beneficial routine tasks, but also in critical 
additional tasks in versatile healthcare environments. They 
free professionals from e.g., transport [1], disinfection [2] and 
patient data collection [3] tasks and allow people to focus on 
their core work [4][5]. Further, robots can take over nursing 
tasks [6], remote patient physical condition monitoring, and 
vital sign measuring [7].  

Robotics may also provide solutions for a significant 
societal challenge the world’s ageing population is causing. In 
January 2019, over one fifth of EU-27 population was aged 
65+ years old, and forecasts indicate that the number of 
seniors in the EU will further increase and reach 149.2 million 
in 2050, which is 28.5 % of the EU population [8][9]. Thus, 
providing high quality care for elderly people has become one 
of the important issues in the society. One trend is to support 
elderly living at home as long as possible. Thus, care home 
residents are typically elderly with already severely declined 
functional capabilities. Dementia is one of the major causes of 
disability and dependency among older people worldwide. 
Therefore, it is especially important to develop solutions for 
care homes to provide high quality living for the memory 
impaired clients [10].  

People with dementia have been shown to have disturbed 
sleep/wake rhythms [11]. This is challenging, as there are 
limited numbers of nurses in care home night shifts. Memory 
impaired persons may also be physically relatively fit. Night-
time wandering may increase the risk of accidental fall. For 
example, fall occurrence is relatively high at night-time in 
hospital wards [12]. Additionally, night-time activity may also 
disturb other residents. However, it is unpleasant to lock the 
residents in their own rooms in order to avoid them 
accidentally escaping, falling, or waking up others by 
wandering around. In this paper we describe a friendly way of 
identifying and guiding a wandering person back to the 
person’s own room. Our solution is based on a novel 
combination of passive RFID (radiofrequency identification) 
technology and robotics. The initial concept and the technical 
setup were created by following a co-designing method in a 
multidisciplinary workshop. Subsequently, an early prototype 
system was created.  

II. MOBILE ROBOTS AND PASSIVE RFID 

AMR can navigate independently on their maps, plan the 
fastest or the most practical routes between two points, and 
redesign the route if necessary. They can avoid and bypass 
collisions and contamination with humans and other moving, 
stationary, or contaminant objects, obey calls from different 
operators, give spoken instructions, and reorganize their 
actions according to the signals from the environment 
[13][14].  

Passive RFID (radiofrequency identification) technology 
provides automatic identification and tracking of products and 
items [15][16], but also people [17][18], achieved with energy 
source-free and wirelessly addressable electronic tags. As 
each tag has a unique identification number (ID), it is possible 
to identify tagged people from a distance with an RFID reader, 
which can be attached for example to a mobile robot. The use 
of UHF (ultra-high frequency) enables working distances of 
several meters.   

By combining passive RFID and mobile robot’s features, 
we can create a system that supports different healthcare 
environments during the daily routines. Mobile robots can 
take actions in preventing potential accidents, for example by 
identifying, alerting and helping a care home client at risk 
during the night, which will provide a new level of security 
for elderly care. 



III. SCENARIO DEVELOPMENT BY CO-DESIGN APPROACH 

The design process in this study followed a co-design 
approach [19], which refers to the collective creativity of a 
multidisciplinary group of people. In co-design, the users are 
given the position of ‘expert of his/her experience’, and the 
play a large role in knowledge development, idea generation, 
and concept development. Usually, the process starts with a 
pre-design phase or so called fuzzy front-end of the design 
process, in which understanding of users and contexts of use 
is increased, and technological opportunities are explored. 
After this phase, the process follows the traditional design 
process, where the resulting ideas for product are developed 
first into concepts, and then into prototypes that are refined on 
the basis of the feedback of the future users. As the end users 
of the developed product are elderly with memory 
impairment, they were not involved in the development 
process in such an early phase. Instead, elderly care specialists 
were used as user proxies in the co-design process. Through 
user proxies, too early prototypes do not cause frustration in 
actual end-users, but the idea can be visualized, and the useful 
characteristics identified [20].  

In this study, the co-design process started with a design 
workshop, in which 10 persons attended. The group included 
“elderly care specialists / end user proxies” (3), technology 
providers (3), service designers (2), mobile robot researcher 
(1) and RFID researcher (1). The workshop included 
presentations of the technology as well as dementia and 
elderly care. This was followed by identifying a design 
challenge for prototyping. The workshop continued by 
identifying key features of the systems, which technologywise 
are also possible to develop. The process followed by building 
a laboratory version of the system. 

IV. PRACTICAL IMPLEMENTATION 

In the technical setup (presented in Fig. 1), the RFID 
reader was CAEN RFID Proton R4320P, which was used with 
MtI Wireless Edge MT-242040/NLH/K and Times-7 Slimline 
A5020 antennas.  The tags were basic commercial UHF RFID 
tags that were attached to the back and front of the test subject. 
The used mobile robot was Omron LD-90.  

We use mobile robots and RFID technology to identify a 
person wandering in the care environment. The system can be 
used first to identify, if a memory impaired resident leaves the 
personal room at night. In this case, the robot can go to the 
person before the person is far from the room. After 
identifying the person near the robot, the robot kindly greets 
the person and reminds about the night-time (Fig. 1). Then the 
robot asks the person to follow the robot back to the own 
room, while the RFID reader constantly monitors whether the 
person is following the robot or not. After guiding the person 
back, the robot wishes good night and confirms the person’s 
location to be at the personal room again (Fig. 2). In case the 
person does not follow the robot, it can first go a short way 
back, try to locate the person and ask the resident to follow the 
robot again. If the person does not follow even then, the 
system trickers the nurse call. The robot may also identify 
people in the care environment corridors without having a 
notice about person leaving their room. The system identifies 
if the person is a nurse or client. In case the person is identified 
as a client, the same procedure begins as in case the system 
has notified the robot about person leaving the room. 

This scenario utilizes a data fusion of an autonomous 
mobile robot capable of self-navigation, an RFID reader 

system, and a versatile database. The first novelty value of the 
scenario comes from the integration of the RFID reader 
system into the mobile robot. Once the RFID reader is 
integrated into the mobile robot, the robot can carry the reader 
to different destinations as needed. The mobile robot has its 
own logistical tasks, which it performs in the order assigned 
to it. At the same time, the RFID reader can monitor the 
presence or absence of various tags on the routes of the mobile 
robot. The mobile robot constantly knows its location on the 
map, so it can control the RFID reader to use different 
location-specific reading modes. For example, near a front 
door, the mobile robot can direct the RFID reader to view the 
ID numbers of people passing through the door and check the 
system to see if they are allowed to go out, or by departmental 
doors to identify people to determine if they are allowed to 
pass from that department to another. In this scenario, the 
mobile robot must be able not only to navigate independently 
on its map but also to avoid moving and stationary obstacles. 
A mobile robot most commonly uses laser scanners and/or 3D 
camera to identify obstacles, but ultrasonic sensors, for 
example, can also be used as an additional aid. 

 

Fig. 1. A mobile robot with an integrated RFID system detects a person in the 
hallway and identifies her. 

 

Fig. 2. The mobile robot has safely guided the person back to her room. 

When an RFID reader integrated in a mobile robot detects 
a lost or otherwise at the wrong time moving person on the 
robot’s normal route, the robot can speak to contact and ask 
the person to follow the robot back to their room. The mobile 
robot’s laser scanners ensure that the robot does not collide 



with anyone, but to uniquely identify individuals, the robot 
needs an RFID reader and unique tags on the target persons. 
The RFID reader and mobile robot identify the people with 
RFID tags around them based on the database. This is a data 
processing issue, but also a security issue. Indeed, a database 
or several location-specific databases are at the heart of the 
whole scenario. Data fusion, which combines location 
information generated by a mobile robot, tag ID information 
read by an RFID reader, and database with information needed 
for the target and situation, enables person identification, 
return route planning back to the person’s room, use of 
personal calming phrases in robot-person communication, and 
nurse calls automatically.  

The prototype development required expertise in the 
integration of RFID system into the mobile robot but also in 
data fusion programming. The basic principle of the data 
fusion system is that first the system asks the mobile robot for 
the location of the robot. Second, the system asks the RFID 
reader what tags the reader detects, the signal strength and the 
direction of the tag based on which antenna detects it. Third, 
the data fusion system communicates with the database in 
order to figure out how all this information will affect to the 
actions in this particular case. An RFID reader on a moving 
mobile robot also posed challenges because the location 
determination of moving tags with a moving reader is not as 
straight forward as with a stationary reader. The different 
power requirements of all the devices needed special attention, 
as all of them are powered by the internal battery of the mobile 
robot. 

V. CONCLUSIONS 

This article presented a mobile robot and RFID technology 
combining prototype for elderly care. The prototype was 
developed by a co-design process, in which the user needs 
were identified, as well as the potential solution designed and 
developed by a multidisciplinary team. An important part of 
the process was to learn about the user needs, as well as about 
the technologies’ possibilities. The process started by 
identifying a design challenge, which was to create a solution 
for identifying and guiding elderly care night-time wanderer 
back to the person’s room. A laboratory version of the 
prototype was developed by using Omron LD-90 mobile robot 
and basic commercial RFID reader with appropriate antennas 
and passive UHF tags. The prototype development required 
expertise in data fusion to integrate the RFID, mobile robot 
and data base systems. A significant challenge has been met 
to get more accurate location of the tags that RFID systems 
normally provide. Special attention is also needed to power all 
the devices with different power requirements from the mobile 
robot’s internal battery. However, the preliminary results from 
the laboratory tests are encouraging. Our future work includes 
to further test the prototype in a laboratory with a larger group 
of elderly care professionals, and iteratively develop the 
concept towards a system, which can be tested in the real use 
environment.  

The co-design approach proved to be an effective way to 
include various stakeholders in the development process, 
which may improve the match between the real user need and 
the provided solution, as suggested in other articles [21][22]. 
The process evoked ideas which may not have been identified 
without multidisciplinary discussion and ideation. Through 
the process, the professionals who took part in the designing 
learned from each other, which also provided multiple other 
ideas for further development.   
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