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Abstract. Hand washing is a crucial part of personal hygiene. Hand
washing detection is a relevant topic for wearable sensing with applica-
tions in the medical and professional fields. Hand washing detection can
be used to aid workers in complying with hygiene rules. Hand washing
detection using body-worn IMU-based sensor systems has been shown to
be a feasible approach, although, for some reported results, the specificity
of the detection was low, leading to a high rate of false positives. In this
work, we present a novel, open-source prototype device that additionally
includes a humidity, temperature, and barometric sensor. We contribute
a benchmark dataset of 10 participants and 43 hand-washing events and
perform an evaluation of the sensors’ benefits. Added to that, we outline
the usefulness of the additional sensor in both the annotation pipeline
and the machine learning models. By visual inspection, we show that
especially the humidity sensor registers a strong increase in the relative
humidity during a hand-washing activity. A machine learning analysis
of our data shows that distinct features benefiting from such relative
humidity patterns remain to be identified.
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1 Introduction

Hand washing is very relevant for our personal health because it effectively re-
duces the amount of bacteria, viruses, and other pathogens that we spread [4].
Added to protecting our own health, effective hand washing can also reduce the
spread of illnesses to other human beings or animals. Many professional appli-
cations require food-safe or sterile environments, for which hand washing and
e.g. alcohol-based hand sanitizers can be used. Automatically measuring the fre-
quency, duration, and quality of hand washing therefore could be beneficial in
a multitude of applications. There are also prospective applications in the field
of mental health. Hand washing detection has for instance been proposed as a
measure to aid in the treatment of people with Obsessive Compulsive Disorder
(OCD) with washing compulsions [16,15,3].

Spotting hand washing in the real world and distinguishing it from everyday
activities and activities of daily living (ADL) has been shown to be difficult and
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inaccurate using only data from wrist-worn IMU devices. However, additional
cues from the environment such as Bluetooth beacons near sinks can be used
to support the hand washing detection [12,5]. The current approaches for hand
washing detection employ a multitude of sensors, although the most frequently
used sensors are RGB(D)-cameras and inertial measurement units (IMUs). One
category of sensors that has recently been incorporated in wearable devices re-
mains under-explored, namely atmospheric sensors which allow the capturing of
humidity, temperature, and air pressure.

Goals and Contributions

The goal of this work is to explore the use of additional sensing capabilities
and their effect on the detection performance of hand washing detection using
wearable devices. The contributions of our work are the following:

1. Description of the development and evaluation of an open-source, cost-effective
sensor recording device

2. Evaluation and comparison of the impact of the added sensors for hand
washing detection

3. Providing an expert-annotated and easy-to-extend dataset and code to repro-
duce our results and further develop the device and hand washing detection
methods.

2 Related Work

In the following section, we discuss existing research work on hand washing
detection and on the usage of atmospheric sensors in Human Activity Recog-
nition (HAR) in particular. Although several recent smartwatches do contain
cost-effective miniature sensors such as the Bosch BME280 that sense the hu-
midity of the wearer’s surroundings, the modality of humidity is not very preva-
lent in wearable studies. To the best of the authors’ knowledge, there exists no
previously published research that combines the use of wearable atmospheric
sensors with the goal of hand washing detection. In this work, we focus only
on body-worn sensors, as externally placed sensors (e.g. cameras) have several
disadvantages for hand washing detection, such as the need to deploy them in
sensitive environments such as users’ bathrooms, and would need to cover all
possible places where users could possibly wash their hands.

Hand washing detection

For hand washing detection, the most used sensors are inertial measurement
unit (IMU) sensors, which contain inertial 3D sensors such as accelerometers
and gyroscopes. While studies have shown that these sensors on their own can
deliver adequate data to detect lab-recorded hand washing and hand washing
steps [9,17,18,11,10], no large-scale in-the-wild study exists thus far that can
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detect hand washing from IMU data alone with close-to-perfect precision and
recall [3]. In-lab studies offer higher performance [20].

Hence, additional sensors or cues could offer a way to make the detection
of hand washing more reliable. As an example of popular technology, the Apple
Watch can detect hand washing by allegedly using a combination of IMU sens-
ing and the microphone with a proprietary algorithm [7,8]. Zhuang et al. also
employ an acoustic model [21] for hand washing detection. Added to that, some
studies have used Bluetooth beacons as part of their detection framework [12,5].
However, this only makes sense in certain environments and contexts, in which
hand washing should be detected. Similarly to external sensors, this limitation of
beacons holds true for all kinds of external cues. Another approach is to utilize
capacitive sensing and to make use of the fact that the metallic piping of water
outlets is usually grounded. By measuring the changes in capacitive resistance,
events can be detected when the user has touched the outlet or is in contact
with the water stream coming out of it [19]. However, the assumption that the
piping system of wash basins is grounded might not always hold, as these pipes
are increasingly built out of plastic materials.

In general, high performances with F1-scores of over 0.9 can be reached [10,20]
both in-lab and out-of-lab. However, differences in sensing modalities, environ-
mental cues, and activities included in the datasets make direct comparisons
between the existing datasets unfeasible.

Atmospheric sensors in HAR

Although they are far from omnipresent in Human Activity Recognition (HAR),
previous HAR research does use ambient environment sensors such as atmo-
spheric sensors (temperature, pressure, and humidity sensors). For example, in
works by De et al. and Bharti et al. [6,2], atmospheric sensors are utilized to
enhance the recognition of complex activities of daily living. Similarly, the sen-
sors are included in a work by Vepakomma et al. [14]. These works have in
common that they aim to recognize multiple activities of daily living in a living
environment ("at home"). By including the ambient environment sensors and
additional Bluetooth beacons in their data, they add context to the otherwise
harder-to-classify IMU sensor values. They also argue that this sensor type can
be used to do on-body localization of wearable devices. For example, the ambi-
ent pressure measurement on ankle-worn devices is usually lower compared to
wrist-worn devices.

In another research study by Barua et al. [1], the usefulness of temperature
and humidity data is highlighted for the specific activity of using a bathroom,
due to the additional context they provide. They find that bathrooms usually
deliver higher humidity readings.

Compared to the aforementioned related work, our work similarly uses at-
mospheric sensors to add context to the IMU recording. However, we specifically
show that the humidity and temperature do not only add context about the cur-
rent location of the user or device but can also be actively employed to directly
measure the specific activity of hand washing.
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