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ABSTRACT

Infrared sauna bathing has positive effects on body and mind. Quantifying these effects helps
to make sauna use more efficient and safer and to increase the user-observed wellness effects.
Currently, there are no practical solutions for a comprehensive and user-friendly monitoring of
the physical impact of sauna bathing. This paper focuses on the concept development to
investigate which measurement setups are suitable to record and evaluate changes in vital
parameters. Based on prioritized vital parameters and requirements a pre-selection of devices
in form of wearables is made, which is going to be examined in detail for their suitability. An
investigation with ten test persons is planned, in which the wearables’ measurement accuracy
and the user acceptance outside and inside the infrared cabin are quantified. The result is a
concept for the test procedure and the evaluation of the wearables in order to integrate a suitable
device into the overall system.

Index Terms — infrared sauna, individualization, vital parameter measurement, wearable
1. INTRODUCTION

Sauna bathing is a tradition that goes back thousands of years and its positive effects on body
and mind have been known since around 2000 BC [1]. Similar to physical training, a regular
sauna session stresses the cardiovascular system [2]. Heating the skin surface and the body core
can have various effects, including improving blood circulation [3], strengthening the immune
system [4], relieving pain from rheumatic diseases [5], lowering blood pressure [5], accelerating
wound healing [5], and releasing ‘happy hormones’ [6]. It can also support controlled weight
loss programs, especially for very heavy patients, to prevent excessive stress on joints.

Instead of a traditional steam sauna, the use of infrared radiation in the sauna offers the
advantage that the air temperature rarely rises above 60 °C and thus the cardiovascular system
is less stressed [6]. The wavelength of infrared radiation is in the range between 780 nm and
1 mm and therefore outside the spectrum of visible light. Depending on the wavelength, the
radiation penetrates the skin to different depths and can also reach blood vessels close to the
skin. In these areas the radiation is converted into heat, which is distributed throughout the body
via the blood and thus increases the body core temperature. [5] Therefore, compared to the
traditional sauna, almost no heat is imposed from the outside, but is generated in the body itself.
In the sauna, infrared radiators made of carbon or ceramic are typically installed as surface
heating elements in the walls of the cabin [6]. Currently, when using an infrared sauna, users
decide on the temperature, length and frequency of the sauna sessions based on their own
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sensations or experience. In order to make the use of an infrared sauna more efficient, the aim
of the project EWIVIKIS (“Development of an intelligent infrared heat cabin as an instrument
to measure and improve vitality on the basis of an Al recommendation system”) is to
individually design the sauna session. The sauna duration and temperature should be controlled
by the cabin system in such a way that the body reacts optimally and the user is highly satisfied.
The individualisation of the sauna experience can enable the targeted use of infrared saunas in
prevention and therapy.

In order to enable individualisation, various parameters of the user have to be recorded. The
focus of this work is the investigation of a possibility to record the change of the user's vital
parameters during the sauna session. The aim is to find a suitable measurement sensor setup
that can be integrated into the overall design of an intelligent infrared cabin. The concept for
the development of this setup is explained below.

2. SELECTION OF MEASURING DEVICES

2.1 Vital parameters

By measuring vital parameters during the sauna session, the direct reaction of the body to the
application of infrared radiation is to be recorded and evaluated. Examples of changes in such
parameters during a sauna session (traditional and infrared) are shown in Table 1.

Table 1 Changes in vital parameters during a sauna session and their integration in the concept

Category Parameter Change Integration
thermoregulatory Skin temperature Increase [7] Yes
thermoregulatory Body core temperature Increase [8—10] Yes
thermoregulatory Sweat rate Increase [11] No
thermoregulatory Sweat composition Changes in electrolyte ratios No

[12]
cardiovascular Vessel diameter Increase [13] No
cardiovascular Heart rate Increase [11, 14-16] Yes
cardiovascular Heart rate variability Increase [17] Yes
cardiovascular Stroke volume Increase [11] No
cardiovascular Blood pressure Decrease [7, 8, 11, 16] Yes
cardiovascular Blood velocity Increase [13] No
haematological Hormones Various changes [18] No
haematological =~ Acid-base balance Respiratory alkalosis [19] No
haematological =~ Blood composition Various changes, e.g. No

increase in lymphocytes [8,

9,19, 20]
haematological =~ Heat shock proteins Increase in amount [11] No
haematological = Oxidative status Various changes, e.g. in No

antioxidants [21, 22]
respiratory Respiratory rate Increase [23] Indirect
respiratory Minute volume Increase [23] No
respiratory One-second capacity Increase [23] No
respiratory Vital capacity Increase [23] No
respiratory Blood oxygen saturation Increase [19] Indirect
other Immune response Change in gene expression ~ No

[24]
other Spermatogenesis Decrease in sperm count No

[25]
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Based on their properties and possible measurement methods, seven vital parameters were
selected for monitoring during the sauna session in this concept:

o Skin temperature (ST) and body core temperature (BCT) increase as a direct result of
radiation application. Monitoring the temperature is a safety mechanism to avoid
overheating of the body.

o The heart rate (HR) is an indicator of cardiovascular stress and can serve as a guide for
achieving various sauna goals. This is accompanied by heart rate variability (HRV) as
an indicator of cardiovascular health and the body's ability to adapt to stressful
situations.

e High blood pressure (BP) is an acute health risk. A decrease in BP may therefore
represent a reduction of cardiovascular stress and should be monitored.

e The respiratory rate (RR) is not a prioritised parameter, but accrues as an additional
calculable parameter in some methods and can provide additional information on the
state of exertion.

e The blood oxygen saturation (SpO2) is not a prioritised parameter, but accrues as an
additional calculable parameter in some methods. In users with healthy lung function,
this value should always be in the normal range. Monitoring can thus serve as a safety
mechanism.

Due to its special temperature and radiation conditions, the infrared sauna represents a
challenging field to record vital parameters. Research into this application is limited. Devices
described in literature to capture vital parameters in the sauna include the following:

Simple heart rate monitors and running trackers (often measuring HR only) [14, 16, 20]
Rectal temperature measurement [10, 26]

Digital hand-held infrared thermometers [27, 28]

Sphygmomanometer with arm cuff [16, 20, 26-28]

Ultrasound devices for vascular examination [13]

The technology used here is mainly for study purposes only and does not claim to be integrated
into the concept of a wellness application because its use lacks comfort or is impractical for
home application.

2.2 Requirements

Since the measurement of vital parameters during an infrared sauna session is a special
application, specific requirements must be placed on the measurement technology to be used.
The requirements focus on functionality and aspects of usability. The main requirements for
the measurement technology are shown in Table 2.

The suitability of devices is measured against these requirements. Due to the simplicity of
acquisition and applicability, commercially available wearables have proven to be an adequate
option. The measurement methods used by the wearables are often contact or infrared
thermography, photoplethysmography (PPG), pulse oximetry and the estimation of vital
parameters such as blood pressure based on the PPG signal and user characteristics. These
methods are all non-invasive and can be implemented with little effort on the part of the user.
Disadvantages are predominantly the susceptibility to interference with movements and the
indirect estimation of certain vital parameters.
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Table 2 Requirements catalogue for measurement equipment to record vital parameters in an infrared cabin

D Description Type
U.l1  The measurement must be non-invasive Usability
U.2  The measurement must be automatic. Usability
U.3  The measurement must be mobile and must not restrict the user's Usability
movements. Likewise, the measurement quality must not be
significantly negatively influenced by movements.
U4 The measurement technology must be adaptable to different Usability
anatomical conditions. It should have a firm fit that is not influenced
by external circumstances (e.g. perspiration).
U.5 The measurement should have a high level of comfort and should not Usability
negatively influence the relaxation caused by the wellness application
U.6  The materials used in contact with the body must be biocompatible Usability
and non-allergenic.
U.7  The measurement should not take place on surfaces in contact with Usability
the sauna environment (e.g. back).
U.8  The measurement technology must be reusable. Usability
U.9 The measurement technology must be easy to disinfect. Usability
U.10 The measurement technology should have a battery life of 12 h. Usability
U.11 The measurement technology should have a max. price of 200 €. Usability
U.12 The measurement technology should not pose a safety risk to the user Usability
and should include measures e.g. against electric shock.
F.1  The measurement technology used in the sauna must have a Functionality
temperature resistance of up to 70 °C.
F.2  The measurement technology used in the sauna should have a water Functionality
protection class of at least [PX4.
F.3  The measurement technology used in the sauna must be shielded Functionality
against IR radiation or must not show any negative reaction to the
application of IR radiation.
F.4  The measurement method should not be light sensitive. Functionality
F.5  The measurement technology should be corrosion resistant. Functionality
F.6  All desired measurement functions should be accommodated in one Functionality
device and implemented with the desired methods.
F.7  The measurement technology should allow compensation of changes Functionality
in environmental conditions (e.g. temperature, perspiration).
D.1  Data acquisition and processing should be performed in real time. Data
D.2  The equipment used must provide high signal quality and should Data
include artefact suppression capabilities.
D.3  Bluetooth Low Energy should be used for communication. The range Data
should be at least 10 m.
D.4  The data export should be simple and e.g. in the form of text files. Data

2.3 Wearables
Due to the limited financial situation and time available, only a selection of wearables can be
examined for their suitability for use in the sauna. A broad market research was conducted and
three wearables were selected for examination. The pre-selection (Table 3) was prioritised
according to the range of possible measurable vital parameters, the price, the commercial
availability and the possibility of data processing. The information in Table 3 is based on data
sheets, see Appendix A, and manufacturer websites. The price is as of 06/2023 and was
determined via the manufacturer's own web shops.
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Table 3 Technical specifications of the selected wearables and their expected advantages and disadvantages in
use (Functions in brackets are possible with the device but the parameter values are not available for further
processing due to various reasons)

Samsung Galaxy

Oura Ring Generation  Cosinuss® c-med

Aspect Watch 5 (= GWS5) 3(=03) alpha (= C-med)
Price (€) 239,00 314,00 583,10
Adaptability Wristband 8 sizes 3 sizes
Function HR, (HRV), BP, SpO.> (ST), (BCT), HR, BCT, HR, (HRV),
HRYV, (RR), (SpO2) (BP), RR, SpO:
Temperature MIL-STD-810H -10to 52 °C 15 to 40 °C
Water IP68, SATM Up to 100 m P47
Battery Life Upto40h Upto7d Upto12h
App Samsung Health Oura App Cos. Lab App
API yes yes Health Platform
Advantages BP measurement Aesthetics Range of accessible
without arm cuff Association with vital parameters
wellness sector Medical product
Possible Availability and Limited range of Price
disadvantages processing of sensor parameters
data Price

As can be seen in Table 3, the data sheets do not specify operating temperatures above 52 °C
for any of the wearables, so that use in the sauna would have to be ruled out here. Nevertheless,
the wearables are checked for their suitability on the basis of the following reasons:

e Qura Ring Generation 3: information on website for use in the sauna
(https://support.ouraring.com/hc/de/articles/360025428394-Produktsicherheit-und-
Nutzung, as of 16.06.2023, paragraph "Allgemeine Verwendung")

e Cosinuss® c-med alpha: Consultation with the Cosinuss® development team

e Samsung Galaxy Watch 5: pre-test in climate chamber at 70 °C, which showed no safety
risks for the user

It is suspected that the heating of the wearables in the sauna is limited, as the user acts as a heat
dissipator and the air temperature can also only reach a maximum of 60 °C - 70 °C. Thus, the
specified operating temperatures could be adhered to or be only slightly exceeded.

3. METHODOLOGY

3.1 Experimental setup and procedure

3.1.1 Measurement setup

In order to be able to evaluate the measurement accuracy of the wearables, the reference devices
listed in Table 4 are used. The patient monitor has a three-wire ECG lead via button electrodes,
a pulse oximeter with a rubber sleeve for the finger and an upper arm cuff for blood pressure
measurement. The reference devices are medically certified and determine the vital parameters
directly and not via estimation. Overheating of the equipment can be ruled out, as it will not be
permanently placed in the cabin during the examination.

There is no reference device for the recording of ST and HRV in this examination, so that the
accuracy with regard to these parameters cannot be assessed.
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Table 4 Specifications of reference devices

Device Parameter Method Counterpart

Patient monitor HR, SpO,, RR, BP ECQG, pulse oximetry, GWS5,

Philips M3046A oscillometrical BP C-med,
measurement 03

Ear thermometer BCT Infrared thermography C-med

Beurer FT 58

The measurement setup with wearables and reference devices inside and outside the cabin is
shown schematically in Figure 1.

r /7 77 |

iz

% 10

Figure 1 Schematic measurement setup for the wearables, inside and outside the infrared cabin (1 — Cosinuss®
c-med alpha, 2 — Oura Ring Generation 3, 3 — Samsung Galaxy Watch 5, 4 — Blood pressure cuff, 5 — ECG
electrodes, 6 — SpO: finger sleeve, 7 — Infrared ear thermometer, 8 - Logger for air temperature and humidity
inside of the sauna, 9 - Logger for air temperature and humidity outside of the sauna, 10 — Patient monitor with
connectors)

3.1.2  Procedure

The principle of the study is based on the simultaneous measurement of vital parameters with
all selected wearables and the reference devices. In order to be classified as acceptable, the
wearables may have a maximum average deviation of 5 % from the reference value.

The investigation is divided into a series of measurements at room temperature for 15 min and
a series of measurements under sauna conditions for 30 min. For the sauna, an air temperature
of 60 °C is set in the infrared cabin. The combination of 60 °C and 30 min is based on the
extreme application case specified by the cabin manufacturer. After preheating the cabin, the
air temperature is approximately 45 °C and only warms up to 60 °C after the user enters the
sauna, so that a temperature increase takes place during the examination.

In addition to the vital parameters, the humidity and temperature in the room and sauna are also
recorded in order to quantify environmental influences. In addition, the test subjects fill out a
questionnaire, which is explained in more detail in section 3.1.3. The test procedure is as shown
in Figure 2.
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Preparation 1 Part I: room 1 Part II: sauna w

climate climate

o Filling out the e Recording of e Recording of
user profile vital parameters vital parameters

e Assessment of over 15 min in over 30 min in
the user and resting position resting position
adaptation of the at room in the cabin at
wearables temperature 60 °C

e Calibration of o Filling out the o Filling out the
the wearables questionnaire questionnaire

e Attachment of
the reference
devices

Figure 2 Test procedure

The recording intervals for the measured values are shown in Table 5. The intervals of the
wearables are partly determined by internal programming and the measurement modes used.

Table 5 Measurement intervals for vital parameters (man = manual measurement, arbitrary interval)

Parameter GW5 C-med 03 M3046A FT 58

HR ls ls 5 min 0,5s -

HRV - - 5 min - -

ST - - - - -

BCT - 10s - - man: 3 min
BP man: 3 min - - man: 3 min -

SpO» man: 3min s - 0,5s -

RR - random - 0,5s -

3.1.3 Questionnaire

In order to obtain a subjective assessment of the wearables from the user, a questionnaire is
handed out. The questionnaire, like the study itself, is divided into three parts. The first part,
which is filled out by the test person at the beginning of the study, contains questions about the
user profile and sauna habits. The second part is answered after Part I and contains an
assessment of various user acceptance aspects in regard to each wearable. In the third part after
Part I1, an assessment of the wearables under sauna conditions is requested.

A 5-point Likert scale is used to evaluate the wearables, in which the agreement with a statement
is indicated, see Table 6. The questionnaire contains statements with positive and negative
connotations in order to avoid an imprinted tendency of the test person.

Table 6 Example question from the questionnaire for the usability of the selected wearables
(5-point Likert scale)

Samsung Galaxy Watch §

SHBIZ 57 Agree Neutral | Disagree SFrongly
agree disagree

In room climate, the wearable has
an appropriate wearing comfort.

© 2023 by the authors. — Licensee Technische Universitdt llmenau, Deutschland. 7



At the end of the examination, the test persons rate on a 10-point scale how likely they are to
use the wearable again in the sauna. If desired, the reason for the specific rating should also be
explained.

3.2 Evaluation criteria

Based on the requirements catalogue, a list of subjective and objective aspects can be drawn up
that allow a statement about the suitability of the wearables. The various aspects are given a
weighting based on personal assessment, see Table 7. There are three evaluation levels that an
aspect can receive and which are assigned a certain number of points: FULFILLED - 1 point,
PARTLY FULFILLED - 0.5 points, NOT FULFILLED - 0 points. Points are awarded based
on the study results. The evaluation level and the weighting then add up to a final score that can
be compared between the wearables. The wearable with the highest score will be deemed the
most suitable and will be integrated into the concept.

Table 7 Aspects for the evaluation of the suitability of the selected wearables with corresponding weighting (W —
weighting, S — subjective assertion, O — objective assertion)

Aspect \ S/O | Aspect W  S/O
Function — Heart Rate 1,00 O Real-time data 0,50 O
Function — Heart Rate Variability 0,75 O Accessibility of data 1,00 O
Function — Blood pressure 1,00 O Commercial availability 1,00 O
Function — Skin temperature 0,75 O Price 0,50 O
Function — Body temperature 1,00 O Battery Life 0,50 O
Function — Respiratory Rate 0,25 O Usability — Adaptation 1,00 O/S
Function — Blood Oxygen Sat. 0,50 O Usability — Comfort 1,00 S
Temperature resistance 1,00 O Usability — Limited Mobility 1,00 S
Water resistance 0,75 O Usability — Disinfection 0,50 O
Infrared radiation resistance 1,00 O Usability — Biocompatibility 1,00 O
Measurement — continuous 0,75 O Usability — Operation 0,50 S
Measurement — non-invasive 1,00 O Usability — Fit 0,75 O/S
Measurement — automatic 0,75 O Usability — Flexibility 0,50 S
Measurement — high resolution 0,50 O Usability — Heat development 1,00 S
Measurement — accuracy 2,00 O Usability — Size and weight 0,25 S
Usability — Aesthetics 0,25 S

The measurement accuracy is emphasised here as an aspect with a weighting of 2.00, since it is
the central object of the study. An exact mapping of the physical reaction to the sauna conditions
is the basis for the development of a high-quality system. It is possible that this aspect will be
split up so that the accuracy for different vital parameters can be rated separately. For the study,
a test person number of 10 persons is aimed for. The mean value of the deviations of the
individual test persons is determined as the resulting measurement deviation for the wearable.
In addition, the standard deviation is calculated. The latter can indicate, for example, whether
various characteristics of the test persons have influenced the measurement deviation and thus
whether the scattering is greater.

3.3 Theoretical concept for the sauna system

As mentioned in the introduction, the aim of the development is a sauna system that adapts the
sauna duration and temperature individually to the user and thus offers an optimal sauna
experience. In the concept of the system, in addition to the vital parameters, a static (e.g. age,
gender) and dynamic (e.g. daily state of mind) user profile and the subjective evaluation of each
sauna session are included. The use case for the system is shown in Figure 3.
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7 USER SYSTEM

Goal: Goal:

* individual motivation (relaxation, immune system etc.) * measure vital parameters that are influenced by heat

* find "ideal" sauna length, frequency, intensity, after-sauna * control the sauna experience based on ML and Al

outine * find "ideal" sauna length, frequency, intensity and potential

cool-down routine

Pre-sauna activities (work, sleep, work out etc.)

Decision to use the sauna

Put on the wearable

| |
| |
| Open app and connect with the sauna |
| |
| |

Activate "Preheating Sequence” Start preheating the sauna

| Preheating Activities | Measure vital parameters before entering the sauna

| |
| Preheat for x minutes |
| |
| Finish preheating the sauna |

| Enter the sauna |

| Start sauna session on the wearable/app | Measure vital parameters

Measure/control loop

| |
| Control radiation intensity based on VP and goal |
| |
| End sauna session after x minutes |

End sauna session on the wearable/app

Rate the sauna experience in app (feedback)

| |
| Leave the sauna |
| |
| Post-sauna activities (sleep, shower, relaxing etc.) |

| Measure vital parameters after leaving the sauna |

Figure 3 Use Case (ML- Machine Learning, Al — Artificial Intelligence)

Ideally, the wearable should be worn by the user at all times in order to record as much vital
data as possible, which can then be related to the sauna session. In any case, it must be worn
shortly before and after the sauna session, i.e. it is also used during activities such as showering
or sports. Problems can arise here if the wearable does not match one's own aesthetics and is
thus not worn voluntarily outside the sauna. Furthermore, the users themselves are responsible
for disinfecting and maintaining the wearable (e.g. charging).

In the sauna, the temperature and humidity in and around the cabin are also recorded via
integrated sensors. High temperature differences can have an influence on the thermoregulation
of the body and the subjective feeling of the user. However, with the help of the data, these
factors can be taken into account and integrated into the system via compensation algorithms.
In this case, it is not possible to manipulate the wearables themselves.

Vital data, user data and environmental data are collected by the system. The collection happens
automatically, without the user having to perform more actions than putting on the wearable
and switching the infrared cabin on and off. A machine learning algorithm is used to analyse
the data. The algorithm searches for correlations between the static and dynamic user attributes
and the sauna session. The principle of federated learning is used here, in which neural networks
are trained on the local end devices of the users without the user data having to be transmitted
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to a central server. Only the trained network parameters are integrated into the central network.
This protects the sensitive health data of the users.

4. DISCUSSION

The study described here is only a concept. The procedure has not yet been fully tested in reality,
which means that problems can arise during the final implementation that pose a risk to the
success of the study. On the one hand, in any study with real people, there is the possibility that
a sufficient number of test subjects cannot be found or that the test subjects will terminate the
study before the measurement is completed, whether for personal or health reasons (e.g. too
high a circulatory load due to the sauna session). With regard to the wearables themselves,
problems that may arise include the following, which as a result hinder concept development:

e None of the wearables can withstand the high temperatures in the sauna and a loss of
function occurs.

e The wearables do not have sufficient measurement accuracy in the sauna, i.e. the
measured vital parameters cannot be trusted.

e The comfort of the wearables is lacking in such a way that the test persons do not want
to use them at all.

e The wearables show interindividual differences in quality, which cannot be correlated
with the user characteristics and therefore cannot be compensated.

It can be equally difficult to decide for one of the wearables if too many compromises must be
made. For example, a wearable may have very good measurement quality, but exceed the price
range and be intolerable in comfort. At this point, the weighting of the individual aspects may
need to be reconsidered.

It should also be noted that not all measurement and evaluation influences can be taken into
account in the study. The measurement chain includes a multitude of other factors for which
the significance of their influence is not known. The selection of wearables to be tested is also
limited due to time and cost-related reasons, so that the study does not cover the entire market.
It should also be mentioned that the market for wearables and fitness trackers is constantly
evolving at a fast pace. Findings and evaluations from this study may no longer correspond to
the state of the art in a few years and may be irrelevant because better wearables with more
functions have been released. This paper still provides a concept that can be reused to evaluate
different devices if the evaluation parameters are adjusted.

In addition, the number of test persons is limited, so that no exhaustive statistical evaluation of
the results can be carried out. A larger number and a diverse composition of test persons allows
a more comprehensive view of the suitability of the wearables in relation to the total user base
of infrared saunas.

5. CONCLUSION

This paper presents a concept to investigate the suitability of wearables for use in an infrared
cabin. The focus is on the evaluation of the measurement accuracy as well as the user
acceptance. The consideration of subjective and objective aspects can allow a comprehensive
statement on the use of wearables.

The next step is to implement the study concept. If no wearable turns out to be suitable, the in-
house development of a sensor setup with all desired requirements is an alternative.
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In any case, the use of infrared cabins and their effects on the human body is a fascinating field
of research that has not been worked on intensively at the moment. The recording of vital
parameters in the sauna represents a possibility to make the sauna session more efficient and
safer. A possible extension of the application beyond the wellness area to therapy and
prevention measures underlines the importance of the planned project and the upcoming results.
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APPENDIX

A. Datasheets
Samsung Galaxy Watch 5

Technische Daten: Galaxy Watch5 & Galaxy Watch5 Pro!?
Galaxy Watch5 Galaxy Watch5 Pro

Materialien & | Aluminium-Geh&use und Sportarmband Titangehduse mit D-Buckle Sportarmband
Farben - 44 mm: Graphit, Sapphire, Silber - 45 mm: Black Titanium, Gray Titanium
- 40 mm: Graphit, Pink Gold, Silber
Abmessungen? | - 44 mm: 43,3 x 44,4 x 9,8 mm, 33,52 45 mm: 45,4 x 45,4 x 10,5 mm, 46,5 g
& Gewicht* =40 mm: 39,3 x 40,4 x 9,8 mm, 28,7 g
Display Saphirglas 24 Gpa Saphirglas 29 Gpa
- 44 mm: 1,4" (34, Brmm) 450 x 450 Super - 1,4" (34,6 mm) 450 x 450 Super
AMOLED, Full Color Always On Display AMOLED, Full Color Always On Display
= 40 mm: 1,2" (30,4 mm) 396 x 396 Super
AMOLED, Full Color Always On Display
Prozessor Exymos W920 Dual-Core 1,18 GHz
Speicher 1,5 GB RAM + 16 GB interner Speicherplatz (davon 7,5 GB frei verflgbar)

Akku (typisch) | - 44 mm: 410 mAh
=40 mm: 284 mAh

590 mAh

Ladeleistung Schnellladen (WPC - unterstiitzter drahtlose Ladestandard)

Betriebssystem | \Wear OS Powered by Samsung (Wear 05 3.5)°

ul One Ul Watch 4.5

Sensoren Samsung BioActive Sensor (Optische Herzfrequenz + elektrisches Herzsignal” +
bioelektrische Impedanzanalyse®), Beschleunigungsmesser, Barometer, Gyroskop,

geomagnetischer Sensor, Lichtsensor

Anschliisse | LTE®, Bluetooth 5.2, Wi-Fi 802.11 a/b/g/n 2.4+5GHz, NFC, GPS/ Glonass/ Beidou/ Galileo

* Verfiigharkeit kann je nach Land, Modell und kompatiblen Smartphones varlieren,

2 plle Funktionalitsten, Features, Spezifikationen und weltere Produktinformationen in diesem Dokument, elnschibellich aber nicht
begrenzt auf Produkbeorteile, Design, Preisangaben, Komponenten, Letstungsdaten, Verflgharke/t und Produkteigenschaften kiinnen
unangekindigtan Anderungen unterllegen,

1 Ohne Gesundhelssensoren gemessen.

* Ohne Armband gemessen.

5 Tatslichliche Akkulaufzelt kann je nach Netewerkumgebung, Nutzungsverhalten und andaren Faktoren varileren.

% Wear 05 Powered by Samsung lauft auf Smartphones mit der neuesten Androdd-Version |Go Edition and Smartphones ohne Google Flay
Store susgenommen). Unterstiiteten Funktionen kiinmen je nach Plattiorm und Markt varlieren und unterlisgen méglichen Anderungen.

7 Bel der Samsung Health Monitor App, die das Messen des Blutdrucks und eine EKG-Aufzeichnung erméglicht, handelt es sich um ein
Medizinprodukt. Die Verwendung der Funktionen setzt eine Verbindung mit einem kompatiblen Samsung Smartphone woraus. Fdr die
Kalibrierung der Blutdruckfunktion st ein MFD5-genehmigten Manschetten-Blutdrockmessgert filr den Oberarm erforderlich. Die
Blutdruckmessung kann dabel unterstitzen, Folgen von zu hohem Blutdruck vorzubeugen und Anzelchen eines normabweichenden
Blutdrucks rechizeitig ru erkennen. Die Blutdruckmessung dient ndcht dazu, einen Bluthochdruck oder andere Erkrankungen zu
diagnestizieren oder die Werte des Nutzers auf Anzeichen elnes Herzinfarkts zu prifen. Fir eine grifiere Genaulgheit sollten Nutzer ihr
Gerét mindestens einmal im Monat kelibrieren, Die EKG-Funktion suchi nd |z nach Anzelchen fir einen Herzinfarkt, Die EKG-Funktion
kann bel der Feststellung von Herzrhythmusstrungen unterstitzen. Die Funktionen sind nicht dazu gedacht, eine Srethiche Diagnose oder
eine Behandlung durch einen Arrt o ersetzen. Bel Bedenken um die Gesundheit soliten Mutzer unbedingt einen Arzt aufsuchen. Die
Funktion ist nbcht flir Nutzer bestimmt, die jinger als 22 lahre sind. Weitere wichtige Hinwelse findest Du in der Bedienungsanleitung. Bitte
lies die Bedienungsanleitung und Hinweise grindlich vor dem Erstgebrauch durch.

" Die BlA-Analyse dient nur filr Fitness und Wellnesszwecke. Die Funktion ist nicht zur Erkennung bew. Diagnose und Behandlung von
Erkrankungen oder kirperlichen Erfassungen und auch nicht Verhiitung, Oberwachung, Behandlung oder Linderung von Krankheiten oder
der Kompenslerung von Verletzungen oder Behinderungen ader andere medizinische fwecke gedacht. Wenn du dir Sorgen um deine
Gesundhelt machst, suche einen Arzt auf. Dle Funktion kst nicht fidr Mutzer bestimmt, die jinger als 20 Jahre oder &lter als 80 Jahre sind
oder, wenn du schwanger bist oder elnen Herzschrittmacher sowle ein anderes medizinisches Gerdt trigst. Um das beste Ergebnls mu
ertielen, flihre die Messungen immer por gleichen Tageszelt auf nlchternen Magen durch.

L TE-Konnektivitdt nur fir LTE-Modelle verfiigbar.
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Wasserfestigheit | 5 ATM™ + IP 68 / MIL-5TD-810H*

Kompatibilitit | Android 8.0 oder hither mit 1,5GB RAM™

W Bletet Wasserschutz bis 5 ATM nach 150 Standard 22810. Nicht gesignet fir Aktivititen wie Springen n das Becken, Sporttauchen,
‘Wasserskl oder Bhnliche Wasseraktivititen mit hoher Geschwindighkeit undfoder Aktivitsten in tliefermn Wasser.

¥ eohutz bel daverhaftem Untertauchen bed 1,5 m Wassertiefe filr 30 Minuten und ausschlieBlich in arem Weasser, Kebn Schute bel
Salrwesser und anderen Flissigheiten, insbesondere Selfenlauge, Alkohol und/oder erhitrter Flilssigheit.

2 1% Militsrstandard (MIL-STD-B10H). Schutz gegen folgende SuBere Einflisse: Direkte Sonneneinstrahlung, Temperaturen im Bereich von
T1°C bis zu -40°C, gefrierenden Regen, bis zu 72 Stunden Staub, Widerstand gegen mechantzche Stéke und Vibrationen.

9 Gersteaktivierung ist erst nach Herstellen elner Verbindung mit elnem Smartphone méglich, das Google Mobile Services unterstiitzt.
Kormpatible Gerdte kinnen je nach Markt, Mobilfunkanbbeter und Ger&temarke varileren.
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Cosinuss® c-med alpha (extraction from data sheet 1603891941)
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Produktunterstitzung und Fragen

Solltestdu Fragen zurEinrichtungdes Rings, zur
Mutzung der Apg oder zuandaran Sericasvon
Ourahaken odersollten Probleme mitdem Produkt
aufrratan, schau dir zuarstdie Antwortanauf haufig
Sastallte Fragan an, dig du untar curaring. com/fay
findast. Wann dudortdasGasuchtenichtfindast,
arstelle ein SupportTicketunter SURROIT.oUraring. com
und unsar Taam hilf tdir gernweaitar,

Sic herheitsinformationen

Eitte beachten Sie, dass die Qura-Dienstanichtdazu
bastimmt sind, Krankhaiten cdearGesundhaitszustanda
U diagnostizieren, zu behandeln, zu heailen adearzuy
varhindem. Die Informaticn an und Ratschlage indan
Qura-Dignsten dianannur zu Informationsz wa ckean
und kénnen die Dienstleistungen von Arzten und
andaren meadizinischean Fachkraf tan nichtersatzan.
WendanSia sich mitFragen zueinar Erkrankung cd ar
zuveranderungan, die Sieaufgrund von Infermationean
cderRatschlagen derOura-Dienste an lhran

Schlaf- od er AKtvitatsgawohnheitenvorzunahmean
beabsichtigen, immer zuvoran einen Arztiaine Arztin.
lgnoriaran Siearz tlich e Ratschlags untar kainen
Umstanden aufgrund von etwas, das Siein den Oura-
Diznsten galesen haben, und schiakban Sia auch keine
arztlichen Konsultationan aus diggam Grund auf.

Wir sind nichtforgesundheitliche Probleme
varantwortlich, die sich aus Informationan odar
Ratschlagen ergeben, die Sievon den Qura-Dignsten
arhaltan haben. Wenn Sieaufgrund der Rickmeldungean
der Oura-Diensta Anderungen anlhren Schlaf- oder
Aktivitatsgewohnheiten vornehmen, erkennen

Sie dadurch an, dass Sie dies allain auf [hr eigenes
Risiko tun. Esistwichtig, auf die Reaktionendes
aiganan Horpers zu achten. Weann Sie zum Beispial
unerwartate wiederholt auftretende oderlang
anhaltende Schmerzen, MidigksitoderBeschwarden
verspiren, weil Sie Anderungenan lhren Schlaf- oder
Aktivitatsgew chnhaitan vorgen ommen haken, wird
ermpfohlan, eingn Arztzu konsultieran, bevor Sie
diese Anderungenbeibehalten. Die Informationean
und Ratschlagaindan Qura-Dignsten kénnen
unangemeassen sain, weann lhre Karperfunkticnan

und -reaktionan aufgrund von medizinisch relevanten

20

Oura Ring Generation 3 (extraction from Information Leaflet JZ50-51141/03)

Zustanden odersaltanan angeboranan Markmalan
arheblich von Durchschnittswerten derBavdlkerung
abwaichan.

Bitte achten Sie darauf, dassderRing oder ein
anderas Oura-Produk t, das Sie tragen, nichtan
fastan Strukiuren cdar schwearan Gagenstandan
hangen bleibt wenn Sie sich oder besagte schware
Gegenstande bewagen.

Wenn Sieaufgrund des Rings oder einesa nderen

Qura- Produkts RStungen oder Hautreizungena nlhrem
Finger feststellen, entfernenSieden Ring/das Produkt
sofort. Wenn dieSymptome langerals2 biss Tage
andauern, wahrend derer Sie lhr Qura-Produkt nic ht
verwendet haben,wendenSiesichaneinenHautarzt/
eineHautarztin,

Anwendung, Pflege und Wartung

DarFingarumfang kann j2 nach Tageszeitvariiaran, und
manchmalkann ez schwierig sein, denRingwomFingear
abzuzighen. Wenn der Ring festsitzt

= Befauchtan Sieden Finger mitkaltemWassarund
milder Seife, und drehen Sie den Ring langsam, um
ihn abzustraifan.

= Halten Sie die Hand hoch [iber Herzhéh el bis der
Blutdruckim Finger sinkt. Versuchen Sie dann, den
Ring akzuziehan.

- Buchan Sig inMotfallan undfoder bei Beschwarden -
weannSia danRingnichtselbstentfernan kénnan —
unvearzoglich einan Arztauf.

Rainigen Sia den Ring mit eingmwaichan Tuch oder
waschean SieithnmitmilderSeife und Wassarveon
Hand ak.

Dar Qura-Ring kann kaim Duschen, Badean, Schwimman
und schnorcheln getragan wardan.

Warmaiden Sig 25 nach Maglichkait, den Ring beaim
Krafttraining, beider Arbeit miteiner 3chaufel
cderandaren schwaren Geraten oderbaim Tragen
schwerarGegenstande aus Metall, Keramik odear
Steinzu tragen.Varmaidan Sie auserdam, den Ring
nakan andaran Ringan cder Geganstandan zu tragen,
digaus Metall, Keramik, S teinen oder Diamanten
Brestehen. Der Oura-Ring kann zerkratztwerden und
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kann seinersaits Schmuck aus weicherem Metall odar
andare Gagenstande beiangem Kontakt zarkratzen,
wiez. B HandyhillenausGold, Silber oder Aluminium.
Auchmanche keramischen Handyhdllen mitweicher
Baschichtung kénnten verkratztweardan.

Halten Sie denRingvwon Kindern farn. DiesesProdukt
isthichtfurParsonan untarlgJahranbestimmt
Wann Sie wissen odarvarmutan, dass ain Kind dean
Ringverschluckthar bringen Sie dasking sofortzu
ainem Arztiainer Arztin, Schitzen Sie denRingvor
Hitze. Lassen Sieihn z. B nichtimAute odarin der
Sonnelisgen. Durchstachen Sie denRing oder sainen
Akkunicht,

Bitte vermeaiden Siaden Umgang mitBatterian hkikus
sowia dig Arbaitan Gerdten und mithaschinean,

dig Batterignfakkus enthalten, wahrand Sia lhran
Oura-Ring tragen. In bestimm tenFallan, in denen
sowohl die Mathodeals auch dig Anode ainer Battarial
aines Akkus den Ringbearihren, besteht —ahnlich

wie el harkdmmlichen Metallringen - die Gafahr
ainas Kurzschlussas Dieskann zu einam potanziall
gefahrlichen Stromschlagfohren. Bitta treffen Sie
antsprachenda Vorsichtsmatnahmen, um diese
Situationen zu vermeaiden,

Sic herheits- und Produktinformationen
Tec hnische Daten

- Materialderaufieren Oberflache: Titan, j& nach
Farbe mit PYD-Beschichtung (PYD = Physikalische
Gasphasenabscheidung) oder diamantahnlicher
Kohlenstoffleschichtung (DLG).

- Materialien der Oberflacheander Innenseite:
Michtallergenes, nichtme tallisch s, nahtloses
Innenformteil

- Speicherkapazitat:Eswird empfohlan, die Daten des
Rings taglich mitder Qura-App zu syn chronisieran.
DarRingkann jenachartund HAUfigkeitd er
RingnutzungDatenvonbis zu aine Woche spaichern.

- Akkw wigderaufladbarer LiPo-akku, je nach
RinggréBa mit einerLaistungyon 15 mah Bis 27 mah,
nich taustauschbar,

= Akkulaufzeit:ln der Regel 4-7 Tage. Die Akkulaufzeit
hangtvon den aktiviertan Funktionan sowia von dar
Artund Haufigkeit der Ringnutzung ab.

- Aufladen: KabellosesLaden mitdem Qura-Lade gerat

= Ladezeit: typischerwaise zwischen 20 und 20
Minuten, j& nach Anfangsladezustand desRings

- Dia im Produk tverwendatan roten und granan

Leuchtdioden (LED) liegen im sichtharen Farbbeareich.

Siesind sicherfarden Benutzerund Personen
inderUmgatbung.

- Konnektivitat: Bluetooth Low Energy (Bluetooth
Smart®)

- Aktualisierbarkeit der Ring-Firmware: Automatische
Firrmwara-Aktualisierungaen dbar die Oura-Apg

= Verfigbarkeit derOQura-App: App Store, Googla Play

= Kompatibilitat der Qura-App: Sich e https Fsupport.
curaring.comshofd efarticle 5/ 38002657 281 53-0Ura-
Davyice-Compatibility.

- Bicherheit: Zwischen deam Ring und der App wird
varschlusselte Bluetooth-Kommunikation verwendet,

- Der Ring ikt wasserdicht bis100m.

- Das Ladegerat kst nicht wasserdicht und nurfirdan
Innenkaraich geaignat,

DasLadegeratnichtinfeuchtan Umgebungan wis
z. B ainam Badazimmarvarwandan oderaufbawahran.

-» Betriebstem peraturbereich: <10 bis+52°C

- Bel Raumtemperaturladen.

= Ladegerat-Eingangsanschluss und -spannung LSE-
Typ-C-Anschluss USB-Nennspannung G

Das Garatistfordia Wersorgung durch eing extarne
G-Gleichstromaueallevorgasahen, dia der Morm [EC
G2385 entspricht. Die dem Geratheraitgestallte
Laistung darf 15w nach 3 Sekundannicht
Oberschraiten.

= Dasladegeratentsprichtderinternaticnalan
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