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Abstract — Passive ultra-high frequency (UHF) radio 
frequency identification (RFID) tags can be embedded to objects 
and to the surrounding environment for identification and 
sensing. The potential of the technology can be further increased 
by designing new features, such as push-button functionalities, to 
the tags. In this study, the additional features were created in a 
unique way through 3D printing, as it enables the designing and 
manufacturing of versatile and individually tailored products. The 
first prototype was created around a commercial tactile push-
button, while the second prototype was fully self-designed and 
based on thick two-sided tape and copper tape. These kinds of 
structures can be used to sense the state of the battery-free push-
button wirelessly from a distance. Both prototype devices were 
found to be fully functional when tested with a hand-held RFID 
reader from a 1-meter distance by 4 people. Finally, care 
professionals were gathered to ideate versatile future use cases for 
the developed push-button prototypes as an assistive technology. 
New possibilities for using the buttons were identified especially 
for persons with limited cognitive and physical capabilities. The 
next steps are to first design special-purpose push-button objects 
based on these ideas and then 3D print prototypes of these objects.  
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I. INTRODUCTION 
 The battery usually constitutes the limiting factor for the 
operating life of a battery-powered system and poses 
concerns over the safety, human health, and environmental 
pollution, alongside the risk associated with its disposal, as 
the potential severity of incidents during storage and 
recycling of waste batteries can be higher than in end-use 
applications [1]-[2].  

In contrast, a passive ultra-high frequency (UHF) radio 
frequency identification (RFID) tag-based push-button would 
get its operating power by harvesting energy from the signal 
received from the RFID reader which, combined with its 
other features, such as light weight and low cost, make it a 
sustainable technology. Passive UHF RFID tags can be 
activated/deactivated, i.e., made readable/non-readable to an 
RFID reader by a human influence [3]. These properties also 
make the technology an attractive solution to be implemented 
to human-technology interfaces and games [3]-[5].   

3D printing has become common because of 
technological leaps, patent expirations, and more frequent 
acceptance of its inclusion in our daily lives [6]. It has 
allowed us to have a certain new aspect, like modified 
equipment, which would not have been able to be 
manufactured by small-scale equipment manufacturers and 
service providers in any other way. Even bigger 
manufacturers have noticed the advantages of 3D printing 
and have started to change some of their manufacturing to 
additive manufacturing, at least for prototyping. This has 
enabled manufacturers to bring to the markets characteristics 
for parts that have not been possible before, for example, 
customized and individualized products, improved durability, 
less weight, and more optimized size [4].   

In this study, the goal was to make prototypes of 3D 
printed objects with embedded functionalities of push-
buttons. The functionalities are based on passive UHF RFID 
tags that are non-readable when not influenced, but that can 
then be activated by a human touch.  

The research has been funded by the Academy of Finland (decisions 
337863 and 337861). 



II. PROTOTYPE MANUFACTURING 

A. Materials and techniques  
The prototypes were made with commercial Avery 

Dennison Smartrac series passive UHF RFID tags. With 
these tags it was quite easy to cut the PET plastic substrate 
and the antenna with a sharp knife. The first manufacturing 
step was to study how to make these off-the-shelf RFID tags 
inert when read on.    

There were two possibilities that were considered: either 
to short circuit the antenna when the tag should be inert or to 
cut the antenna and connect it when tag should be active. 
Short circuiting the antenna seemed to be surprisingly 
difficult. Even if the antenna was short circuited with copper 
tape extremely close to the chip, the tag seemed to work quite 
well according to the preliminary tests. It was not 
reliably disabled with that technique, as the short-
circuiting part (the copper tape) also seemed to work as an 
antenna for the chip.    

The second technique worked much better. There was a 1 
mm gap cut to the antenna close to the chip, as presented in 
Fig. 1. When that gap was open, the tag did not work at all. 
Preliminary testing showed that when the gap was closed 
with a tactile push-button or just with a copper tape, the tag 
worked just like before these modifications. 

The 3D printing material used in this study was 
Fillamentum’s ASA Extrafill, which is a styrenic polymer. 
The material is recyclable and has low moisture absorption. 
The printing temperature for the material is 240–255 °C. 
Printing these prototypes printing temperature setting was set 
to 255 °C. The 3D printer used was Original Prusa MINI+.   

The functionality of the passive UHF RFID-based 
prototypes, i.e., if the RFID tag is readable/non-readable 
when pushed/not pushed, respectively, was tested with a 
handheld UHF RFID reader (Nordic ID EXA51) from 
distances of around one meter. 

 
Fig. 1. A 1 mm gap cut to the commercial RFID tag antenna.   

B. Prototypes 
For the first prototype, a commercial TE Connectivity 

tactile push-button was soldered to connect both sides of the 
cut gap in the antenna. This way, when the button was 
pressed, it connected that gap and the antenna worked like 
before modifications. A 3D printed 6.5 x 100.8 x 19.2 mm (h 
x w x d) package was manufactured as a protective case for 
the push-button and the RFID tag, as presented in Fig. 2. 
According to the initial tests (pushing the button, which 
resulted as activation of the tag) that were carried out by 4 
people, this prototype seems to work well. 

For the second prototype, we wanted to omit the 
commercial tactile button and use 3D printed parts as much 
as possible. This would enable us to design an enclosure with 
a wider range of possibilities in the future. As the RFID tags 

used in the first prototype worked well, they were selected 
also for the second prototype. The same kind of gap was cut 
to the antenna trace, but this time there were no buttons 
soldered to it. The case was 3D printed in the following way: 
over the cut gap on the antenna trace, there is a flexible 
plastic overhang with about 2 mm clearance to the tag. Under 
that overhang is attached a 1 mm thick and soft two-
sided tape. The thin copper tape was stuck to the two-sided 
tape’s side that is facing the antenna (see Fig. 3). According 
to the initial tests (pushing the button, which resulted as 
activation of the tag) that were carried out by four people, this 
prototype seemed to work well too. Both ready-made 
prototypes are presented in Fig. 2. 

 
Fig. 2. Ready-made passive UHF RFID-based push-button prototypes, the 
first prototype with case open (right) and the second prototype (left). 

 
Fig. 3. The second push-button prototype with the 3D printed overhang (1), 
double-sided tape (2), cut gap to the RFID antenna trace (3), and copper tape 
(4).  

III. CO-DESIGNING USE CASES FOR PUSH-BUTTON 
PROTOTYPES 

Co-design approach was used to identify possibilities and 
problems in real use environment in which the buttons would 
add value. This would guide the further development of push-
button models for different purposes in the future.  

In this paper, co-design refers to collective creativity 
during the product design process in which multidisciplinary 
team will participate. The co-design process [7] typically 
starts by creating mutual understanding of users, user needs 
and contexts of use as well as research and selection of 
technological opportunities. This paper concentrates on this 
phase of the development process. After this, the process 
continues similarly to iterative development process: by 
ideation of solutions, which are then built as concepts and 
prototypes that are iteratively developed by repetitive user 
testing and refined according to feedback. This will be our 
future work.  

In co-design, users are typically involved in the early 
phase of the design process, and they are considered as 
experts of their own needs and experiences. They will 



contribute to user need analysis but also to ideation and later 
testing. In our co-design case, instead of taking users into the 
development, we used user proxies representing various care 
environments. The reason for taking user proxies was the fact 
that actual users may not be able to express themselves due 
to their medical condition or functional capacity. The 
prototypes presented in this paper were used as technology 
demonstrations to help the user proxies to understand the 
potential of the technology. The prototypes were introduced 
to six health care experts, the user proxies: psychiatric nurse, 
home care nurse, speech therapist, physiotherapists (2) and 
occupational therapist. After the presentation of the 
prototypes their ideas of the potential use cases were 
collected. The heterogeneous backgrounds of the care experts 
could be seen from the answers. The same push-button was 
ideated to be used as a trigger of nurse call or alarm but also 
for producing speech (asking for certain food, saying yes/no 
when the button is pushed). Combined with a speaker, the 
button could provide voice instructions for relaxation, 
exercise, task performance and correct order of tasks, but also 
identify items and provide time orientation for the visually or 
memory impaired. For time orientation, a button could be 
placed near a calendar. A user with memory problems can see 
the button and upon pressing it, it would say the date (and 
time of the day) out loud. Other information, relevant for 
individuals with memory problems which is frequently 
repeated by healthcare professionals can be programmed in 
the button. Buttons are intuitive and thus easy to use even for 
people with declined memory or cognitive abilities. 

Versatile user groups that could benefit from this 
technology were mentioned. The push-button could benefit 
both healthcare professionals and patients. It could be utilized 
for all age groups, people with neuropsychiatric disorders 
requiring support in executive functions, older adults with 
dementia, individuals undergoing rehabilitation, people with 
communication difficulties, vision impairments, physical 
disabilities, and many more. 

The button could be used as a symptom counter for 
diagnostic purposes, before starting a new medicine or for 
measuring side effects of a certain medication. Every time a 
patient experiences a specific symptom (unusual heartbeat, 
dizziness, pain and similar), he/she would press the button 
attached to them. The nurse can later review it in the system 
and see how many times such symptoms occurred in a day. 
In a ward, the patient could push the button after finishing 
their daily exercise program, which would log the exercise 
sessions. Similarly, the button can serve to assess toilet 
behaviour: if the button is attached to a toilet seat, every time 
the person sits on the toilet, it would count as one toilet visit. 
In home care, the button could be placed inside the locked 
medicine box that only nurses can access with a key. The 
nurse would press the button after the medicine distribution, 
which would notify the client’s relative. 

In small private physiotherapy practices, one 
physiotherapist often works alone at a time without a 
receptionist. While the physiotherapist is with one client and 
the next client arrives for their appointment, the 
physiotherapist would see the client in the waiting room 
through the camera and could press the button to notify that 
client “I am soon coming.” 

The number of buttons was also discussed and several 
colour-coded buttons with different meanings attached to 
them were seen having a potential. In communication 

between healthcare personnel, a red colour button would 
mean an emergency, while a yellow colour button would 
signal a less urgent matter. In this case the buttons could be 
either worn on the persons or available at multiple locations. 
The colour-coded buttons could also be used by the patients 
in their rooms, where they would push the yellow button to 
signal a less urgent yet important matter, e.g., “Come see me 
when you are free.” 

An idea was also to have the button pushed by other body 
parts than fingers, such as elbow or foot. The reason behind 
this is to promote better hygiene, especially when the same 
button is used by multiple users, but also to include users with 
disabilities that may prevent the use of fingers. This is 
especially the case for people with painful finger joints (i.e., 
rheumatoid arthritis), hand and finger spasticity, or upper 
limb amputations. 

 There were many ideas to integrate the push-buttons in 
various places such as in assistive aids, clothing, or 
furniture/environment (see Fig. 4 and Fig 5). Also, the reader 
equipment was discussed and there were ideas to integrate the 
reader as part of the environment (see Fig. 5) or it could be a 
portable device near the user (see Fig. 4). Especially in case 
of producing speech, the reader should be portable as the 
background system should produce the sound. Readers 
embedded into environment were seen as a good solution in 
case the push-button would be used for environmental 
controlling, such as turning lights or equipment on/off, 
adjusting volume or changing channels. 

The push-buttons were also seen to have potential in 
protective clothing or shoes to call for equipment or help, for 
example. In these use scenarios use of computers or other 
controlling devices could be impossible or risky (surgery, 
helping/supporting patient or other activities which require 
both hands). The push-buttons could also be used as 
unnoticeable alarm buttons in environments, in which there 
are clients with challenging behaviour. Additionally, the 
same functionality could also be used in banks or stores to 
trigger silent alarm or calling the police. On the other hand, 
similar push-buttons could be used in restaurants to call 
waiters, to rate the restaurant or to vote in group sessions. 

Furniture integrated push-buttons were also ideated to be 
used in presence sensing. These presence sensors could be 
used to monitor when and how long a person has been, for 
example sitting in an office chair or armchair, or lying in a 
bed in a ward or at home. As there could be timestamps, this 
might help in monitoring the circadian rhythm and lifestyle 
of a person without measuring physiological signals. 
Furniture embedded push-buttons were also seen to be a 
potential way of environmental controlling, such as switching 
lights on/off from a smart bed. The buttons could also link the 
real environment to virtual content, such as an exergame, in 
which activities are performed by physically moving from 
one place to another. 

Our next steps are to select the most potential idea and 
further refine the button switch and to build the background 
system for it. 



 
Fig. 4. Visualisation of a potential use scenario for passive RFID push-
buttons. Wearable nurse call and mobile reader equipment.  

 
Fig. 5. Visualisation of a potential use scenario for passive RFID push-
buttons. Reader equipment integrated into the environment, in this case toilet 
in which the push-button is used to call for help. 

IV. DISCUSSION 
The first prototypes introduced in this study are 

designed to perform the necessary task and to validate the 
passive UHF RFID-based push-button concept. The next 
steps are to first design and 3D print special-purpose push-
button objects for testing, and then design prototypes of these 
objects, in which the RFID tag is embedded into the object 
during the printing process, and thus the push-button is 
printed with the object. This is followed by the application 
development, in which the RFID push-buttons are used for 
different purposes.   

Designing appealing and comfortable versions of the 
RFID push-buttons is an important part of the application 
development. A major benefit of RFID buttons is the 
possibility to integrate them as part of objects, as they do not 
require any energy sources. In smart home environments, 
RFID buttons could be integrated into furniture or as part of 
the building. Another interesting concept is smart clothing.    

Based on the co-design with social and healthcare experts, 
there is a vast number of applications in which 3D printed 
passive RFID push-buttons could add value. Especially 
clothing-integrated buttons could be used as wearable nurse 
call-buttons in care homes or as wearable controllers in 
environmental controlling systems. These are seen especially 
interesting considering user groups with limited functional 

capacity but could also be appealing and trendy for anyone, 
if branded as smart living products. Additionally, various 
other uses were identified. RFID buttons could be used as 
wearable push-buttons used to vote in group sessions, to 
communicate and inform or to remotely control volume, 
lighting, and devices, just to give some examples. Protective-
clothing integrated push-buttons, on the other hand, were 
seen to provide additional options for human-computer 
interaction in places where it is otherwise challenging to use 
computer or mobile devices due to hygiene, for example.    

Similar functionalities enable development of smart 
furniture, meaning additional functions to be added in regular 
furniture by integrating RFID buttons into them. These 
include, for example, a bed with embedded toggle light 
switch or presence sensor, or a table with integrated 
waiter/nurse/help call button or alarm. The push-buttons 
could also be used as a link between the real world and virtual 
worlds by connecting some physical objects or places to a 
virtual application. This allows for example the development 
of serious games or daily routine monitoring, which are based 
on interaction with physical objects or places. Co-creation of 
different applications is a part of our future work. The 
development of the applications requires 3D designing of the 
embedded buttons according to the application (size, shape, 
material, environmental requirements), but otherwise the 
further development is mostly software engineering. As there 
are RFID readers, which can be connected to computers as 
well as mobile devices, there are numerous ways of 
developing the background systems. In case the reader is 
directly integrated into cell phone or connected to mobile 
device, the read range is more limited but still various 
applications or responsive webpages could be developed 
especially for the customer’s/patient’s personal use 
accessible from their own mobile devices, which they carry 
with them and thus the reader can be taken anywhere where 
the user is going, including outdoors. These applications 
could also be linked to various systems or databases, which 
would also allow other people such as health care 
professionals or relatives to follow the collected data. On the 
other hand, computer connected readers provide another 
interesting development environment for more massive 
systems with longer read ranges, such as monitoring wider 
areas at once without any wearables.  

V. CONCLUSIONS   
This study presented the design and 3D manufacturing of 

two prototypes using passive UHF RFID tags in integrating 
the functionality of a push-button to 3D printed objects. 
Based on the results of the study, it is possible to 3D print 
wirelessly working buttons with individual features without 
the need for electrical connections. Based on the viewpoints 
of social and healthcare experts, there is a vast number of 
applications in which 3D printed passive RFID push-buttons 
could add value. The next steps are the design and 
manufacturing of special-purpose push-button objects, in 
which the RFID tag is embedded into the object during the 
printing process and thus the push-button is printed 
embedding the whole the object.  
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