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Abstract— The lack of consolidated therapeutic protocols to
counteract the COVID-19 has drawn attention to the social
role of hygiene rules to prevent the escalation of infections.
Particular focus has been put on the importance of limiting
face-touch occurrences. Given that SARS-CoV-2 transmission
can occur by self-inoculation, impeding the virus to reach eyes,
nose or mouth is paramount to prevent infections. To deal with
this aspect, several methods for estimating hand proximity to
face and notifying the user about face-touch occurrences have
been developed. In this overview, we present the most relevant,
ready-to-use, and large-scale deployable solutions. Most of them
consist in applications running on smartwatches/smartphones
or relying on wearable accessories, e.g. smartbands. Although
the use for the COVID-19 emergency nowadays is the most
urgent application, these solutions can be employed in ordinary
daily life as simple tools to discourage face-touching, decreasing
the probability to get infections from the environment, or as
habit reversal therapy.

I. THE PROBLEM

Despite advancements in technology and medicine, pan-
demics are still an open issue, causing millions of deaths
even in the 21th century. A paradigmatic example is the
current SARS-CoV-2 pandemic, which led to about 98
million COVID-19 confirmed infections and more than 2
millions deaths by 24th of January 2021 [1]. To counteract
the spread of COVID-19, individual protective behaviours
have shown to impact significantly on the average number
of infections caused by a primary case in a population
consisting only of susceptibles [2]. Protective behaviours
consist of preventive, avoidant, and disease-management
actions [3]. The first group includes hygiene measures (such
as hand washing, cough and sneeze etiquette, and surfaces
cleaning), mask wearing and uptake of vaccinations. Avoidant
behaviours are mostly represented by social distancing,
e.g. avoiding crowded places, maintaining at least 1m of
physical distance between people, working in compliance with
quarantine restrictions. The last category includes following
the directions of local health authority and staying home
and self-isolate even with minor symptoms. To contrast
a pandemic, respecting hygiene measures is of paramount
importance especially when one of the most straightforward
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Fig. 1: The No Face-Touch application runs on the user’s
smartwatch. The system estimates hand proximity to face
and alerts the user with a vibration whenever a face-touch
movement is detected.

ways for virus transmission is via self-inoculation, i.e. by
transferring contaminated material from hands to other body
sites [4]. Researchers demonstrated that contaminated hands
have a great impact in disseminating respiratory infections [5],
especially if associated with face-touches [6]. Concerning
SARS-CoV-2, if the virus is transferred to eyes, nose or
mouth, it can enter the body and infect the subject [7].
Therefore, avoiding to touch the face is an urgent prevention
habit to acquire. In crucial contexts as health care settings,
school classes and workplaces, self-inoculation can occur
by contacting contaminated environments. Moreover, face-
touching is mainly performed involuntarily and occurs with
little awareness several times per hours, as reported in [10].
In this study, 26 subjects were videorecorded to count the
face-touch occurrences. On average, subjects touched their
face 23 times per hour. The 44% of face-touches involved
contact with a mucous membrane, preferential way for virus
transmission. Of these contacts, 36% involved the mouth,
31% involved the nose, 27% involved the eyes, and 6% were
a combination of the aforementioned areas.

Although consequences on hygiene-related aspects are
evident, they did not prove to be significantly effective in



Name Sensing Technology Alert Modality Commercial Product DiY Product Research
Product

No Face-Touch Magnetometer + Accelerometer +
Worn magnets

Vibratory + Acoustic
notification

[8]

Immutouch Inertial sensor + Artificial
Intelligence

Vibratory notification Device cost: 40$

PULSE Infrared sensor Vibratory notification GitHub
repository

Face Guardian Magnetometer + Neural network +
Worn magnets

Vibratory + Acoustic
notification

Free Android
application

FaceOff Accelerometer (Apple Watch 2) Vibratory notification [9]

Face Touch
Aware

Intertial sensor (Apple Watch) +
Artificial Intelligence

Vibratory + Acoustic
notification

Apple WatchOS
application cost: 3.99$

Nudge Inertial sensor + Artificial
Intelligence

Vibratory notification Device cost: 50$

Saving Face
(Sonar)

Microphone + Earbuds Acoustic notification GitHub
repository

Saving Face
(Magsense)

Magnetometer + Worn magnets Vibratory notification GitHub
repository

TABLE I: Developed solutions for reducing face-touch occurrences. The table shows different information depending on the
purpose of each system. In case of commercial product, the price is reported. If the device is meant to be DiY, the repository
with the instructions is considered. Otherwise, if the original purpose was a research interest, the correspondent reference is
reported.

discouraging people from touching their face. This is due to
the fact that the act of face-touching is often an unconscious
way to express an emotional state, such as anxiety, stress,
surprise and focus of attention [11]. Hence, lowering the
number of face-touch occurrences is a healthy habit difficult
to get into. This gesture is so rooted in some of us, that
usually an external agent notifying the contact occurrence is
needed. In this regard, acoustic, visual, and haptic signals
can be employed to provide users with suitable alerts.

The aim of this manuscript is to provide an overview
of the solutions developed after the pandemic outbreak to
help people not touch their face. The paper is organized as
follows. Section II presents methods and selection criteria for
the literature search. Section III reports the solutions found,
divided by type of approach adopted. Section IV discusses
the effectiveness of the proposed solutions. Finally, Section V
gives future perspectives and concluding remarks.

II. METHODS

The literature search was initially carried out on Google
Scholar and Scopus. Since a limited number of results were
found, we extended the search including Do it Yourself (DiY)
and commercially available devices. The investigation was
conducted from the 3rd to the 20th of January 2021. Titles,
abstracts, and keywords were screened using a search string
with Boolean operators. The first three components of the
string were linked with AND operators and were formed
of keywords and their spelling variations (via wildcards)
associated with face (e.g. face, facial, head, etc.), touch
events (e.g. touches, events, contacts), and COVID-19 disease
(e.g. COVID-19, SARS-CoV-2, coronavirus 2), respectively.
Results were considered only if they were written in English

and published from February 2020 onwards. In Table I we
report the considered solutions.

III. DEVELOPED SYSTEMS

The common aim of the projects reported in this section is
identifying whenever the hand gets too close to or in contact
with the face, and alerting the user to stop the current hand
motion. To better compare the existing approaches, they have
been divided into four main categories, using the sensing
technology as a discriminant, i.e. magnetic, inertial, infrared
and ultrasound sensors.

A. Detection with Magnetometer

No Face-Touch: The No Face-Touch system [8] is
composed of three elements: i) a smartwatch worn by the
user; ii) an application running on the smartwatch; and iii) a
wearable accessory worn close to the face (like a necklace)
embedding magnets to generate a detectable magnetic field.
The No Face-Touch application alerts the users with a vibra-
tion whenever a face-touch attempt is detected (see Figure 1).
Visual and audio alerts can be enabled by users depending
on their personal preferences. The app runs in background
without interfering with the smartwatch functionalities. The
discrimination of hand movements is obtained thanks to
the virtual magnetic barrier generated by the worn magnets.
To cope with interferences on magnetometer readings due
to ferromagnetic materials and sources of electro-magnetic
fields, the proximity-to-face estimation is reinforced with
measurements from inertial sensors. The estimation of wrist
orientation provides additional control over discrimination of
false positives.



In their setup, D’Aurizio et al. [8] exploited a necklace
embedding 5 tiny and low-cost neodymium magnets (10mm
external diameter × 5mm thick, 2 kg pull force). They
experimentally verified that each magnet generated a magnetic
field of ∼420 µT at 5 cm distance, i.e. a substantial variation
with respect to the magnitude of the Earth’s magnetic field
which at its surface ranges from 25 to 60 µT [12]. Therefore,
their arrangement was sufficient to detect the smartwatch
proximity up to a 20 cm radius sphere around the necklace.

An experimental campaign was carried out to assess the
No Face-Touch effectiveness. Ten participants were involved
into two trials: i) attempt to touch their face 30 times, and
ii) simulate 30 common gestures of activities of daily living.
The algorithm correctly detected the 91.3% of face-touches,
with only 3.2% of false positives (common gestures identified
as face-touches).

The No Face-Touch application is available on Google Play
Store (https://play.google.com/store/apps/
details?id=it.unisi.sirslab.covidwear)
for smartwatches running WearOS, while the watchOS
app release is currently under revision. The Tizen app
release (for Samsung smartwatches) is still in a beta
version and is not mature for a public testing. In the near
future No Face-Touch will be extended to smartbands
embedding a magnetometer/compass, while a DiY
solution is under development [13]. All the software was
developed by the authors and is freely available in a
public repository (https://github.com/sirslab/
COVID-19-DoNTYF-wear), released under GNU GPL
software license.

Face Guardian: Face Guardian [14] implements an
approach similar to No Face-Touch to deal with the problem
of face-touches. It relies on a smartphone and a magnet
(or multiple magnets) for gesture detection but, differently
from the No Face-Touch approach, the magnet is located
on the wrist while the phone is pendent on the neck (see
Figure 2). The smartphone’s compass (magnetometer) detects
when the magnet at the user’s wrist approaches the face, and
a log reports the occurred face-touches. Two alert options are
available, i.e. vibratory and/or audio alert. The vibration has
the same pattern of the text message vibratory alert, while
the audio is a relatively subtle beep.

Face Guardian exploits machine learning to detect face-
touching. The default sensitivity settings should be trimmed
and refined by the users and the detection methods can
be customized for each individual user. This makes the
application versatile, but it also means that a calibration and
a network training phase are required. During the calibration
procedure, the app detects and stores the intensity of the
magnetic field generated by the magnet on the wrist. The
network training requires the user to move the hand equipped
with the magnet close to the face, reproducing a natural
face contact gesture. In order to create the face-contact
detection model, the user is asked to cover a range of possible
movements, e.g. wiping the forehead and mouth, adjusting
the glasses, rubbing the eyes, bitting the nails, etc.

Face Guardian is entirely open source. The companion

Fig. 2: Face Guardian uses the smartphone’s magnetometer
to detect a magnet placed at the user’s wrist. The app detects
face-touches and provides audio and vibrational alerts to stop
them.

app for Android is freely available on Google Play
Store (https://play.google.com/store/apps/
details?id=com.cmi.faceguardian).

Saving Face (Magsense): Saving Face [15] is a suite
of technologies to help people fight the pandemic by warning
them when they are about to touch their faces, proposed
by the MIT Media Lab. Between the proposed solutions,
researchers presented Magsense, a wearable device based
on magnetic field sensing that delivers a vibration when
the hand gets too close to the face. Users are asked to
wear magnetic rings or bracelets on both hands, whose
proximity to the face is detected by a magnetometer worn
around the neck as a necklace or a clip-on. Since the
detection is based on magnetic field sensing, the necklace
or clip-on can be hidden under a shirt. An how-to guide
is accurately described in the website (https://github.
com/irmandyw/magsense) and provides two approaches
in deploying Magsense wearables by assembling off-the-
shelf components or manufacturing customized hardware.
A customized hardware that significantly reduces Magsense
cost and form-factor was developed by the authors and is
freely available in the repository.

B. Detection with Inertial Sensor

Immutouch: Immutouch [16] is a commercial device
and was one of the first systems developed in response to the
COVID-19 pandemic to alert people in case of face-touch
events. It consists of a smartband embedding inertial sensors
and a companion application (developed both for Android
and iOS). It senses the hand movement 10 times per second
while an undisclosed algorithm continuously monitors the
inertial data. On the basis of calibration data collected by the
user, the wristband vibrates when a movement similar to a
face-touch is detected.

FaceOff: FaceOff [9] is a sensing algorithm that
exploits a wrist-worn accelerometer to detect face-touches.
The algorithm temporally ensembles data-driven Random
Forest classifiers to binary detect whether a person touches
the face. An Apple Watch 2 was used for recording inertial
measurements. Due to the COVID-19 restrictions, training
data were collected only from a single user. To refine the
algorithm, 10 participants were involved in a survey to
describe where they would naturally touch their face. The
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Fig. 3: Nudge is a commercial smartband relying on gesture
recognition to detect face-touch. The four LED lights placed
on the top of the smartband show the number of face-touch
occurred.

validation was conducted on three other participants, each of
them wore the smartwatch for 30 minutes while conducting
their own daily activities. During the experiment, users were
provided with intermittent prompts to touch their face. As a
result, 82 out of 89 (92%) face-touching actions were detected
with a false positive rate of 0.59%.

The training/testing datasets, model and source code are
available at https://hci.ucla.edu/faceoff to spur
the future development of face-touching detection to combat
the COVID-19 pandemic.

Face Touch Aware: Face Touch Aware [17] is a
smartwatch application running on WatchOS (https:
//apps.apple.com/us/app/face-touch-aware/
id1502864331) intended at promoting conscious
awareness of self face-touching. Corresponding releases for
different platforms are not yet available. The smartwatch
vibrates and/or makes a sound when the app detects that the
hand is moving near the face and a face-touch is upcoming.
The vibration strength and the volume can be separately
adjusted. The app is intended to personalize the parameters
for face-touch detection through a training phase. The latter
lasts 1 hour and it is done in background, before the first
use. Afterwards, if the app is not detecting accurately the
face-touch events, the sensitivity can be adjusted by the user.
The user interface displays a “Play/Pause” button to start and
stop the app. The screen is green when the app is active and
is monitoring the user movements, whereas it turns yellow if
the monitoring is suspended. The maximum alert rate is one
every 3 seconds. This is an Apple internal software limit (no
app will alert the user more than once every 3 seconds), that
ensures not to annoy the users with continuous beeping. As
a drawback, the alert notification is typically delivered after
the face-touch event has occurred. In fact, this solution is
meant to increase the awareness of face-touching rather than
preventing them.

Nudge: The fourth device that exploits inertial sensors
(accelerometer and gyroscope) is Nudge [18], a commercial,
stand-alone smartband aimed at training the user into keeping
the hands away from the face by means of vibratory and
visual alerts (see Figure 3).

The device embeds a proprietary gesture detection al-

gorithm based on neural network to detect a face-touch
occurrence and acknowledge the user with a vibration.
Additionally, it counts the number of times that a face-touch
has happened, helping users to keep track of it. The amount
of face-touches is shown by means of LEDs embedded in the
smartband. When the count over a period of time is greater
than certain thresholds, the user is provided with a specific
haptic and visual pattern. More precisely, at the milestones
of 5, 10, 15 and 20 face-touches, the smartband:

• 5 face-touches: vibrates four times and flashes one light.
• 10 face-touches: vibrates four times and flashes two

lights.
• 15 face-touches: vibrates four times and flashes three

lights.
• 20 face-touches: vibrates four times and flashes all four

lights.
After 20 face-touches the counter is reset. Similarly to what
reported in [8], authors claim that the device has an immediate
effect on discouraging face-touches, and that after three or
four weeks the effects on breaking the bad habit are noticeable
(as the number of occurrences counted by the app).

Nudge is powered by a 90 mAh Lithium Polymer recharge-
able battery that guarantees 7 days of lifetime. The weight is
5 g.

C. Detection with Infrared Sensor

PULSE: PULSE [19] is a 3D-printed pendant proposed
by the Jet Propulsion Laboratory from Caltech. The wearable
device uses an infrared proximity sensor to detect when a
person’s hand is nearing her/his face. As soon as a motion is
detected, a haptic feedback from a vibrating motor is triggered.
The vibration is more or less intense depending on the hand
proximity to the sensor. The haptic feedback is thought to
simulate a nudge, reminding the wearer to avoid touching
the face in order to reduce the risk of infection.

The dimension of the pendant is 4.5 cm and should be
worn 15-30 cm below the chin when attached by a 40-60
cm necklace.

PULSE goal is to create a simple and affordable technology
that can easily be reproduced by anyone regardless of the level
of technical expertise. In this aim, a list of parts, STL files, and
assembly instructions are available as Open Source project
(https://github.com/nasa-jpl/Pulse) for indi-
viduals or companies to replicate, refine or enhance the
system.

D. Detection with Ultrasound Sensor

Saving Face (Sonar): The second application within
the suite Saving Face [15] is based on a totally different
method. The idea consists in using a sonar-based approach to
measure the distance between hands and face and warn the
user with an alarm when they get too close (see Figure 4).
This technique leverages earbuds to transmit an ultrasound
signal and a microphone placed near the face to record the
echo. With Saving Face App, an ultrasound tone (17 kHz)
is permanently played on the earbud. When the distance
microphone-earbud is short (under about 15 cm, detected
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Fig. 4: Saving Face measures the distance between user’s
hands and face using ultrasound pulses. When the user raises
the hand to touch the face, the smartphone alerts him/her
with an audible alarm.

when the ultrasound amplitude exceeds a threshold), the
frequency of the tone is changed to be audible (1.4 kHz).
The audible tone has a twofold role: it serves as a warning for
the user and as a mechanism to refine the distance estimation.
During the alert, the phase of the audible tone is measured by
finding the maximum in the trace amplitude versus time (with
a precision of 7 mm, due to the 44.1 kHz sampling frequency).
This gives a measure of the tone phase shift with respect to the
initial calibration, where the user is asked to place the earbud
next to the microphone and thus the distance is zero. An app
offering both record and alert modes is in development. The
open-source alpha version is available on GitHub (https://
github.com/camilorq/SavingFaceApp). Consider-
ing that there exist on the market many inexpensive off-
the-shelf wired earbuds able to generate and detect 20 kHz
ultrasonic frequencies, anyone with a smartphone and less
than $5 spent in headphones can benefit from Saving Face
App.

IV. EXPLOITABILITY AND LIMITATION

Coronaviruses (CoV) are a wide family of respiratory
viruses that in rare cases can infect humans and spread
between people, causing mild to moderate illnesses. To date,
the most dangerous and spread coronavirus is the SARS-CoV-
2, i.e. the one that causes the respiratory disease COVID-19,
responsible for a significant number of deaths in the last year.
The worldwide pandemic is still ongoing today, and medical
and technological research plays a key role in fighting it.
Concerning the engineering field, various studies related to the
use of wearable devices and sensors have been done. Anyway,
even if the entire research community is putting a huge effort
in developing solutions to stop the virus transmission, very
few studies are available. On the other hand, several ready-
to-use solutions have been proposed, both for commercial
purposes and with a DiY approach.

All the systems presented in this manuscript have a twofold
advantage: not only they provide a temporary solution to
reduce the events leading to possible self-inoculation of
viruses, but they also train users into becoming more aware
of the face-touch occurrences. Additionally, as a general

approach, authors considered the touching of both mucosal
and nonmucosal facial areas. Indeed, although touching mu-
cosal areas is much more likely to cause infection, detecting
contacts with both types of area can further increase people’s
awareness of face-touching, contrasting more effectively the
bad habit. As far as it concerns the efficacy in detecting
face-touches, all the solutions report a high score for true
detections but also a not negligible number of false positives.
Indeed, it is really hard to distinguish between face-touch
attempts and similar gestures (i.e, hair combing, adjusting
glasses, etc.). On the other hand, considering the purpose of
these systems, the annoyance due to false alarms is a side
effect that can be tolerated for greater safety.

To consider advantages and disadvantages, systems based
on the variation of the magnetic field ([8,14,15]) allow to
reliably detect the approach of the hand to the face before the
actual contact occurrence. However, this approach works only
if users wear magnets in the form of necklaces, bracelets,
and/or rings. Differently, systems exploiting inertial sensors
(like accelerometer and gyroscope) do not need additional
equipment and use machine learning and AI to identify
gestures ending with a face-touch. This approach forked
in two main categories: i) using an ad-hoc smartband (e.g.,
[16,18]) or exploiting a smartwatch that already embeds the
required sensors (e.g., [9,17]). The former group guarantees a
longer battery lifetime, but requires the user to wear specific
devices. Conversely, installing an app on the smartwatch
may reduce the device battery lifetime, and the cross-brand
and cross-model compatibility represents a tight limitation.
Finally, infrared and ultrasound technologies are exploited in
[19] and [15], respectively. Among the considered methods,
these techniques are the most affordable, but the potentially
high number of false positives is the main drawback. Since
these technologies detect potential face-touches by measuring
the distance between the sensor and another object (that could
be either the hand, the arm, or another object or body part),
clearly distinguishing face-touches from other events is not
possible. Another important aspect to take into consideration
is the capability of the different solutions to detect face-
touches before or after the contact. As reported in Section III,
certain systems (like No Face-Touch and Saving Face) are
able to alert the user before the hand reaches the face, thus
granting a safety net whenever the user is distracted. The
solutions providing the post-event notifications (e.g., Face
Touch Aware) instead rely on the alert to promote the user’s
awareness with the aim of inducing healthy habits. We remark
that the latter goal is shared between all the approaches
presented in this manuscript.

V. BEYOND COVID-19

The necessity arising from the COVID-19 pandemic
brought innovations to limit the outbreak and support the pop-
ulation with safety aids. The self-inoculation was considered
a serious threat, hence many solutions have been developed
to tackle the issue in a simple and non invasive way. The
major effect of the approaches reviewed in this text is actively
discouraging face-touches. Either the contact is alerted before
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of after the event, users are more aware of their gestures and
reduce the number of face-touch occurrences.

As a beneficial side effect, the same solutions create the
opportunity to give importance also to minor bad habits,
that are dangerous especially in the current situation. There
exist behavioural disorders which are strictly connected to the
repetitive face-touch movement. Onychophagia [20] (the habit
of biting one’s own nails), trichotillomania [21] (the repetitive
pulling of one’s own hair) and dermatophagia [22] (the
habitual biting of the skin) are just few examples. From the
patient’s point of view, episodes of such bad habits are often
involuntary and occur with little apparent control or awareness.
Therefore, the adoption of systems that detect contact with the
face is a precious help to reduce the manifestations of habit-
based disorders. In these cases, the crucial aspect is the study
of the lasting effect on breaking bad habits, and the systems
presented in this overview can be a further opportunity to
investigate this aspect.

As a final consideration, systems based on magnetometers
like No Face-Touch [8] could be used to support other
activities, such as avoiding unsafe zones or keeping distance
from dangerous objects. In the former case, a magnetic
field detectable by the smartwatch/smartband can be used to
delimit a risky area. Similarly, adding a magnetic tag (e.g.
a permanent magnet) to harmful objects will result in an
automatic detection of the proximity with them.
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