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Abstract—In this paper, device construction and preliminary
results for shower safety assistance are presented. The device
allows monitoring of shower-taking persons without violating
privacy and intimacy, while it has the ability to detect a persons
entering and leaving the shower and detecting fall conditions. It
allows better supervision of elders living independently at their
locations.

Index Terms—Ambient Assisted Living (AAL), bathroom
safety, fall prevention, aging at home

I. INTRODUCTION

Analysis of the demographic data shows that people older
than 65 will reach 2 billion in the 2050 year [1], [2]. Thus,
it will double when compared to the statistics for 2020.
As a result, problems associated with the aging society will
grow. One possible way of diminishing the huge requirements
involved with this process is to equip housing resources with
means that allows instant and short reactions to prevent elder
living alone from hazardous situations.

A bathroom can be regarded as one of the most hazardous
spaces in each house or flat. On the other hand, it is a
mandatory space for each residence. In addition, it must meet
appropriate requirements to enable basic hygiene activities.
Standard bathroom equipment, besides washbasin, consists of
a bathtub and/or a shower. In addition a toilet and a bidet are
installed there too. Using these devices may result in water
spilling on the floor. In turn, spilled water on the floor, in most
cases, behaves like a dangerous and slippery layer. According
to the Centers for Disease Control and Prevention, more than
80% of all hazardous and health-threatening problems in the
bathroom are related to fall accidents [3], [4].

According to our research, the bathtub is the most popular
in some Eastern European countries, while Western Europe
prefers the shower. The latter is more economical and suitable
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for elders or disabled people. However, by design, the shower
increases the risk of falls for those using it.

Several technological solutions can supervise bathroom
safety. In case of elevated risk, video surveillance can be
installed. However, this solution raises ethical remarks and ac-
ceptance problems, so alternative solutions were implemented.

To detect a person’s presence and well-being, there is an
opportunity to monitor the bathroom conditions, e.g., tem-
perature, humidity, and ambient light. Floor flooding sensors
can detect water on the floor that needs to be cleaned, thus
preventing slipping and falling. In situations where a bathtub
is used, a dangerous situation can occur inside it. The most
dangerous situations are when entering and leaving the device,
but in addition, sleeping, drowning, or similar situations can
occur while sitting inside a bathtub. The solution can be
installing sensors to maintain a person’s well-being during
bathing. In this paper, we are addressing the unresolved (as far
as we know) assessment of a shower-taking person problem.
Here, the most critical situation is also related to a fall with
a loss of consciousness. It is clear that the use of a video
camera [5], [6], even an infrared one, can cause discomfort
and violence in privacy and intimacy. Even for their own
safety, people would not use a device monitored in such a
way. Wearable devices are also problematic in application as
person can refuse or forget to wear them. Instead, a sensor
that enables a pose monitoring of a person using the shower
is proposed in the paper.

The most dangerous situations are when entering and leav-
ing the device, but in addition, sleeping, drowning, or similar
situations can occur while sitting inside a bathtub. The solution
can be the installation of a set of sensors to maintain a person’s
well-being during bathing [7]. There is extended work on
this subject dealing with ECG signal acquisition of a bathing
person and extraction of respiratory signal out from retrieved
ECG [8].

When monitoring a person in the shower, several factors
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need to be addressed. A person is usually in a vertical position,
standing under the water rain. In such an environment, one
needs to consider adequate methods for fall detection. It can
be an intelligent floor under the shower reacting to extreme
acceleration, ultrasonic or microwave sensors, and similar [6],
[9]. All of them have difficulty in the application as water
is distributed around the body in the form of tiny drops, and
ultrasonic and radio frequency waves are scattered by water.
Instead, we focused on infrared body trans-illumination.

The section Materials and Methods describes such a sensor,
while the section Results presents preliminary experimental
measurement data. The final section concludes the achieved
goals.

II. MATERIALS AND METHODS

The shower is usually taken in a standing position. There-
fore, to design a device for monitoring a person under shower,
this body position must be recognized from other ones. In
such a case, we propose a set of light detectors and sources
to be located about 130cm above the shower floor. A standing
person would break the light beam, which can be detected at
the detecting row.

In a falling situation the body will stop from absorbing the
light beam, and it should be detected as only water drops
stream will be between sensors and detectors. The idea of
measurement is shown in Fig. 1. The body’s thorax presence
at a height of approximately 130 cm above floor level will
indicate that the person is in a standing position. Variations of
the signal caused by body movement are indicators of ordinary
movements performed by person during bathing. When the fall
occurs, a person will disappear from the sensor’s field of view,
and only water drops stream will be scattering light beam. In
this case the effect of light scattering on the detected signal
intensity is much lower than shadow caused by the human
body which is easily recognized. After some time of such
signal value rise an alert should be raised.
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Fig. 1. The idea of a shower surveillance system

The one difficulty is with distinguishing between person
lying on the shower floor and situation when the shower
has ended. This can bee achieved by manual switch of the
detector at the begin and end of the process. The authors
used a different approach by placing two similar detectors on
the shower - one at 130cm and one at 10cm above the floor.
Entering the shower will trigger a lower sensor, as in Fig. 2.

IR RX NIR TX

NIR RX2
IR TX

Fig. 2. The shower cabin extended with automatic recognition system of the
person’s presence (NIR RX - infrared receiver, NIR TX - infrared transmitter)

A. Measurement system construction

The measurement system consists of the microcontroller
unit, which controls IR LED (infrared photodiode - PD) and
sensor boards. Two identical setups were prepared. One for
the lower and the second for the upper level of sensors. The
block diagram of a single sensor is shown in Fig. 3. An MCU
(microcontroller unit) represents the microcontroller unit. In
principle, it can be any modern microcontroller with a single
ADC (analog to digital converter), PWM (pulse with mod-
ulation), UART (universal asynchronous receiver-transmitter),
and few GPIO (general-purpose input-output) blocks. We have
used the STM32f030C8T6 (STMicroelectronics) due to the
affordable price/functionality ratio. This is a 32-bit ARM
Cortex core with a clock of up to 48 MHz, and it offers
32kB of RAM and 256kB of FLASH memory. Although it
is supported with all the peripherals demanded, the ADC is
used for cyclic retrieval of the photodiode current, and PWM
generates a signal that enables control of the IR LED current.
By means of the GPIO, we select the individual IR LED to
be activated and the photodiode to be measured.

UART is responsible for communication with external sys-
tems. As a communication layer, the ZigBee communication
protocol has been selected [10]. It is working at a 2.4 GHz
band, and due to limited bandwidth (250kBps max), it has an
extended range. Moreover, in the modules offered, AES (Ad-
vanced Encryption Standard) data encryption is implemented.
We are using ETRX357 (Silicon Labs) [11], and these are
controlled by UART.

In order to ensure system safety, the whole device must be
powered by a rechargeable battery. We are using a single-cell
LiPo battery with a 1000mAh capacity. Battery has integrated
protective circuirty and is charged by the USB with use of
the MCP73831T. A power from the battery is regulated by
means of the MCP16303T-330 regulator. In the future, it is
planned to implement wireless charging to allow full sealing
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Fig. 3. A Block diagram of the single layer shower sensor

of all boards - to make the system hermetic.

Physically, the device consists of 5 boards: MCU, two
IRLED, and two photodiode boards. MCU board holds the mi-
crocontroller, voltage regulator, ZigBee, and battery charging
unit. The IR LED board holds the multiplexer and eight PWM-
controlled voltages for current converters controlling each
IR LED. Similarly, eight light-to-voltage converters selected
by the multiplexer are used to feed the light-output signal
to a single ADC input of the microcontroller. Boards are
interconnected by means of the multiwire cable ribbon.

B. Software

The whole system software can be divided into two major
parts:

+ Embedded microcontroller firmware - a part of code
written in C language that runs on the microcontroller.
All measurements are performed in an endless loop where
a simple algorithm is assumed. It continuously executes
two loops - for each IR LED enabled, it measures all
the photodiode channels and then increases the IR LED
number. When it reaches the last IR LED, it will report
data and start over again - refer to Fig. 4

o Data visualization software - a code that is created
on the PC that retrieves and analyzes data from both
detectors. This part of the software is created in Python,
where multiple useful libraries enable both ease of serial
protocol handling and direct data plotting with signal
analysis and further connection to supervised systems
by means of TCP-IP protocol. A relatively inexpensive
Raspberry PI Zero single-board computer can be used to
handle these tasks.

III. RESULTS

A device has been designed, materialized and programmed.
A preliminary results was also obtained from a small group
of volunteers. Only selected results are presented here due to
publication size limitation.
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Fig. 4. A flowchart of person presence measurement algorithm

We have designed three different PCBs - one for MCU, one
for IR LED, and one for photodiode setup, while two last were
duplicated to create a single unit as shown in Fig 5. LED and
photodiodes boards have the option to address the unit, and
a single board holds an 8-way multiplexer/demultiplexer. This
approach also reduced the cost of board shipping as, in total,
with all 16 diodes, the width of the sensing area approaches
100 cm. We have protected all boards in cases that prevent
them from being accidentally flooded during experiments, as
well as long and narrow sensing boards. Standard electrical
cable shields with LED and photodiode holes were provided.

The design was created using KiCAD EDA software. The
main visualization is in Fig. 6, while the photodiode and IR
LED boards are shown in Fig. 7 . Figures are not to scale as
the mainboard dimensions are 60x70 mm while the photodiode
board is 480x24 mm, and the IR LED board is 490x26 mm.

A. Working mode

A single LED is sequentially activated in the normal work-
ing mode, and a series of photodiodes is scanned. The working
dataset forms the 16 by 16 matrix. Installed IR LEDs have very
narrow angular characteristics (see Fig. 8). Thus, the resulting
matrix for a single program loop is almost diagonal. It contains
background data as the very narrow characteristic of IR LEDs
is that they illuminate only the opposite photodiode while
the neighboring ones are not illuminated. See the example of
achieved data as in Fig. 10. From the plot, we can conclude
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Fig. 5. A geometry of the printed boards alignment in the system

Fig. 6. Photo of the main printed circuit board

that sending the entire matrix is time-consuming. Each data
is in 12-bit resolution, and sending in plain text over ZigBee
Network at the default speed of 19200 baud takes up to 1
second while only the diagonal of the raw matrix part carries
valuable information. Such an approach additionally reduces
time resolution or measurements.

To reduce the transmission of raw data, we decided to
transmit only the diagonal of the resulting matrix. This reduced
the transmission time by approximately 15 times.

Next, we installed a temporary setup in the shower - see
Fig. 9. We have tested the ability to detect a person’s presence
in the shower. Data obtained durein real test are presented in

Fig. 7. Photo of the photodiode (left) and IR LED (right) printed circuit
boards
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Fig. 8. Angular characteristics of the LEDs (a) and photodiodes (b) used in
the developed sensor
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Fig. 9. A setup installed in a real shower - please notice two rows of light
transmitters and detectors
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Fig. 10. Raw data measurement with no object between light emitters and
detectors

Fig. 11. With the same setup, the signal is like in Fig. 12
when a person enters the detecting area. In addition, we have
asked how the water stream without a person will affect
measurements. Results in Fig. 13 prove that changes caused by
regular shower water beams do not cause significant changes
in the measured signal. We can detect a person properly.
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Fig. 11. Diagonal data from Fig. 10 - empty shower
4500
4000
3500
e Light [a.u.]
3000
2500
2000
1500
1000
500
0
0 2 4 6 8 10 12 14 16 18

Sensor pain No.

Fig. 12. Measurement data from upper part of the sensor - person in the
shower
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Fig. 13. Measurement data from upper part of the sensor- only water stream

IV. DISCcUSSION AND CONCLUSION

We have designed and successfully created a system to
detect the person’s presence in the shower cabin. We have
utilized infrared LEDs and photodiodes, which show high
resistance to ambient light and can correctly detect a person’s
presence under the shower.

The device is in an early prototype stage and requires
redesign and embedding in a waterproof case, which would
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enable, e.g., wireless charging for better performance in humid
areas.

We are showing raw output signals out of the system, but
there is an option to provide some automated data interpre-
tation directly in the microcontroller. We are utilizing two
similar setups - one for the low part of the shower cabin and
the second at the torso level. Both of them have individual
microcontrollers with communication layers. Thanks to the
ZigBee protocol, boards can easily communicate with each
other, enabling better data interpretation in situ and providing
just informative status. Further, the data can be delivered to the
upper layer of a habitat protection system such as Ella4Life
system [12], where data can be used for rescue services like
emergency units or connected relatives.

REFERENCES

[11 World Health Organisation. [Access: 25 Oct 2023].

[2] The World Bank. Population ages 65 and above (% of total population).
W: United Nations Population Division. World Population Prospects:
2022 Revision. [Access: 25 Oct 2023].

[3] Centers for Disease Control, Prevention (CDC, et al. Nonfatal bathroom
injuries among persons aged > 15 years—united states, 2008. MMWR.
Morbidity and mortality weekly report, 60(22):729-733, 2011.

[4] Shota Mashiyama, Jihoon Hong, and Tomoaki Ohtsuki. A fall detection
system using low resolution infrared array sensor. In 2014 IEEE 25th
Annual International Symposium on Personal, Indoor, and Mobile Radio
Communication (PIMRC), pages 2109-2113. IEEE, 2014.

[5] Koldo De Miguel, Alberto Brunete, Miguel Hernando, and Ernesto
Gambao. Home camera-based fall detection system for the elderly.
Sensors, 17(12):2864, 2017.

[6] Newaz NT and Hanada E. The methods of fall detection: A literature
review. Sensors (Basel), 23(11), May 2023.

[7]1 Adam Bujnowski, Arkadiusz Palinski, Piotr Koscinski, Lukasz Skalski,
Anna Skurczynska, and Jerzy Wtorek. Detection of person presence
and its activity in the bathtub. In Journal of Physics: Conference Series,
volume 434, page 012035. IOP Publishing, 2013.

[8] Adam Bujnowski, Kamil Osinski, Piotr Przystup, and Jerzy Wtorek.
Respiratory signal of bathing person-preliminary study. In 2019 41st
Annual International Conference of the IEEE Engineering in Medicine
and Biology Society (EMBC), pages 1274-1277. IEEE, 2019.

[9] Pengsong Duan, Jingxin Li, Chenfei Jiao, Yangjie Cao, and Jinsheng
Kong. Wibfall: A device-free fall detection model for bathroom. In
Carlos T. Calafate, Xianfu Chen, and Yuan Wu, editors, Mobile Networks
and Management, pages 182—193, Cham, 2022. Springer International
Publishing.

[10] Xueqi Fan, Fransisca Susan, William Long, and Shangyan Li. Security

analysis of zigbee. MWR InfoSecurity, 2017:1-18, 2017.

Silicon Labs. Telegesis ETRX35x Series ZigBee Modules Datasheet.

Silicon Laboratories, Inc., 2016. [Access: 1 Dec 2023].

[12] Mariusz Kaczmarek, Adam Bujnowski, Kamil Osinski, Edith Birrer,
Tomasz Neumann, and Barry Teunissen. Elladlife virtual assistant-
user centered design strategy-evaluation following labolatory tests. In
2020 13th International Conference on Human System Interaction (HSI),
pages 307-311. IEEE, 2020.

[11

Authorized licensed use limited to: Hochschule Luzern (HSLU). Downloaded on August 13,2024 at 11:08:56 UTC from IEEE Xplore. Restrictions apply.



