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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 AI 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 

[12] 
No 

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. 

increase in lymphocytes [8, 
9, 19, 20] 

No 

haematological Heat shock proteins Increase in amount [11] No 
haematological Oxidative status Various changes, e.g. in 

antioxidants [21, 22] 
No 

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 

[24] 
No 

other  Spermatogenesis Decrease in sperm count 
[25] 

No 
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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: 
 

• 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.  

• 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.  

• 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. 

• 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. 

• 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 

ID Description Type 
U.1 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 

movements. Likewise, the measurement quality must not be 
significantly negatively influenced by movements. 

Usability 

U.4 The measurement technology must be adaptable to different 
anatomical conditions. It should have a firm fit that is not influenced 
by external circumstances (e.g. perspiration). 

Usability 

U.5 The measurement should have a high level of comfort and should not 
negatively influence the relaxation caused by the wellness application 

Usability 

U.6 The materials used in contact with the body must be biocompatible 
and non-allergenic. 

Usability 

U.7 The measurement should not take place on surfaces in contact with 
the sauna environment (e.g. back). 

Usability 

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 

and should include measures e.g. against electric shock. 
Usability 

F.1 The measurement technology used in the sauna must have a 
temperature resistance of up to 70 °C. 

Functionality 

F.2 The measurement technology used in the sauna should have a water 
protection class of at least IPX4. 

Functionality 

F.3 The measurement technology used in the sauna must be shielded 
against IR radiation or must not show any negative reaction to the 
application of IR radiation. 

Functionality 

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 

device and implemented with the desired methods.   
Functionality 

F.7 The measurement technology should allow compensation of changes 
in environmental conditions (e.g. temperature, perspiration).  

Functionality 

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 

include artefact suppression capabilities. 
Data 

D.3 Bluetooth Low Energy should be used for communication. The range 
should be at least 10 m.  

Data 

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) 

Aspect 
Samsung Galaxy 
Watch 5 (= GW5) 

Oura Ring Generation 
3 (= O3) 

Cosinuss° c-med 
alpha (= C-med) 

Price (€) 239,00 314,00 583,10 
Adaptability Wristband  8 sizes 3 sizes 
Function HR, (HRV), BP, SpO2 (ST), (BCT), HR, 

HRV, (RR), (SpO2) 
BCT, HR, (HRV), 
(BP), RR, SpO2 

Temperature MIL-STD-810H -10 to 52 °C 15 to 40 °C 
Water IP68, 5ATM Up to 100 m  IP47 
Battery Life Up to 40 h Up to 7 d Up to 12 h  
App Samsung Health Oura App Cos. Lab App 
API yes yes Health Platform 
Advantages BP measurement 

without arm cuff 
Aesthetics 
Association with 
wellness sector 

Range of accessible 
vital parameters 
Medical product 

Possible 
disadvantages  

Availability and 
processing of sensor 
data 

Limited range of 
parameters 
Price 

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: 
 

• Oura 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") 

• Cosinuss° c-med alpha: Consultation with the Cosinuss° development team 
• 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 

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

 
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 – SpO2 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. 

Device Parameter Method Counterpart 
Patient monitor 
Philips M3046A  

HR, SpO2, RR, BP ECG, pulse oximetry, 
oscillometrical BP 
measurement 

GW5, 
C-med, 
O3 

Ear thermometer 
Beurer FT 58 

BCT Infrared thermography  C-med  
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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 O3 M3046A FT 58 
HR  1 s 1 s 5 min 0,5 s - 
HRV - - 5 min - - 
ST - - - - - 
BCT - 10 s - - man: 3 min 
BP man: 3 min -  - man: 3 min - 
SpO2 man: 3 min 1 s - 0,5 s - 
RR - random - 0,5 s - 

 
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 II, 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 5  
 Strongly 

agree Agree Neutral Disagree Strongly 
disagree 

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

     

 

Preparation

• Filling out the 
user profile 
• Assessment of 
the user and 
adaptation of the 
wearables
• Calibration of 
the wearables
• Attachment of 
the reference 
devices

Part I: room 
climate

• Recording of 
vital parameters 
over 15 min in 
resting position 
at room 
temperature
• Filling out the 
questionnaire

Part II: sauna 
climate

• Recording of 
vital parameters 
over 30 min in 
resting position 
in the cabin at 
60 °C 
• Filling out the 
questionnaire
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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 W 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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Figure 3 Use Case (ML- Machine Learning, AI – 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: 
 

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

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

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

• 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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Cosinuss° c-med alpha (extraction from data sheet 1603891941)
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Oura Ring Generation 3 (extraction from Information Leaflet JZ50-51141/03) 
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