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Abstract: The measurement and compilation of vital human datais of particular importance, as it opens up the
possibility of supporting aperson in their area of life and being able to provide information as to whether diseases
are developing or, for example, the gait changes too much so that an early fall could be avoided. Volatile organic
components analysis is very interesting possibility for detecting diseases in the home areain avery early stage.
Older multimorbid people can aso continue to live medically safely in their own home with the help of this
supporting analysis of vital parameters and gait parameters, which is the aim of this home monitoring project.
Here, the Harz University has devel oped components for adistributed sensor network for the spectroscopic analy-
sisof air, step analysis and vital parameters collected by a standard smart watch. It measures the number of steps,
walking distance, blood pressure, heart rate/ECG and oxygen content of the blood. After analyzing and testing
various smart watches, the Fitbit and the OURA ring were used. A test course was developed that lasts around 5
minutes. The sensor system analyses the air in aroom by measuring the optical spectral content of VOCs and the
gait by a special developed 6D inertial measuring unit (IMU)-sensor in a smart shoe insole. The processing and
audio-visual representation of the sensor data fusion represents a probabilistic model as an early warning system
for the patient in the home environment. The aim of the work isthe dedi cated eval uation of the system components
of the demonstrator for the subsequent analysis using artificial intelligence for the aggregated client data.

Keywords: Biosensors, Intelligent sensors, Volatile organic components sensors, Sensor fusion of real-time vital
data, Gait analysis, Smart shoe sole, Artificial intelligence in medicine.

1. Introduction

Health services, especialy for older people, have
been introduced very intensively into everyday lifein
recent years thanks to the rapid development of the
transmission technology of the Internet of Things
(1oT) [1, 2, 3]. In particular, the focus was on the
prevention of diseases and the early detection of
disease-related restrictionswith ahigh risk, such asthe
early detection of a heart attack.

For this purpose, new types of sensor networks [4]
came into play, together with intelligent systems for
monitoring patients and checking the patient's health
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status. The ability of such intelligent systems to save
and transmit the recorded vital data is of great
importance in many areas of heath care in
telemedicine. These systems are usually portable (e.g.
smart watch) [5, 6], or integrated in the apartment in
order to guarantee non-invasive and remote
surveillance [7]. Essentially, these systems are used to
monitor the symptoms and status of patients for
screening, follow-up care, or in the monitoring of care
patients [8].

In particular, the area of monitoring in the
household for so-called Ambient Assistant Living
Systems (AAL) has been pushed very hard in the last
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ten years [9]. These systems essentially focus on the
physical signalssuch asheart rate, blood pressure, skin
temperature, breathing rate and body movements, as
well as step sizes and step frequencies.

The information that is available and collected by
these signals can be further processed into clinically
relevant information in order to prevent diseases.
These wireless sensor networks include a number of
biological sensors [7] that can be built and integrated
electronically smaller and smaller and can therefore be
easily integrated into asmart watch, for example. Each
of these sensor systems has specific requirements for
recognizing and recording symptoms [10].

In order to be able to provide support to needy and
especially elderly people with technical assistance, it
is necessary to record both the environmental
parameters and the vital parameters of the people.
Fig. 1 shows which parameters are typically recorded
in the field of medica values: pulse rate, blood
pressure, skin temperature, skin resistance, blood
oxygen content, movement and steps.

+ GPS
* Ccompass
+ motion sensors

Environmental parameter Vital parameter

* Pulse rate

+ Blood pressure

+ Skin Temperature
+ Skin resitance

* Motion

+ Velocity

+ Blood Oxygen

* Temperature
*  Humidity

* Sound level
* UV radiation
= EMV

+ Luminosity

Fig. 1. Important environmental and vital parameters
for AAL support of elderly people.

The environment in which the person moves is
characterized by temperature, humidity, noise level,
light radiation, MV radiation and UV radiation. In
addition, the GPS data and the motion sensorswith the
inertial measuring sensors [11-14] (IMU) can provide
further information.

Due to the increased integration capability, the
components for  applications have become
significantly cheaper and are now in the low-cost
range. They arerelatively easy to install and, thanksto
the long battery life, hardly any maintenance
IS necessary.

In this paper, two new types of sensor systems are
presented, which measure the air quality opticaly in
the home, as well as measure the step size, foot
pressure and foot temperature at different pointson the
foot print in an intelligent insole. The collected data
aretransmitted viaradio systemsto adata server, from
whereit iscalled up and visualized.

Additionally, morevital dataare collected by using
a standard smart watch (See Chapter 1.3).

The room air sensor uses special absorptions of
VOC gases, which indicate the beginning of
clinical pictures.

The presence of VOCs (volatile organic compo-
unds) [15, 16] and other substances can provide indi-
cations (no conclusive diagnosis) of health problems:

- Hy (hydrogen) -> lactose intolerance, fructose
malabsorption, carbohydrate malabsorption, etc.
gastrointestinal diseases;

- CsHg (isoprene) -> indicator for lung cancer
(if deficient);

- C;HgO (ethanal) ->
and / or selenium;

- C3HgO (acetone) -> insulin deficiency -> poss.
Diabetesrisk;

-NH; (ammonia) -> liver dysfunction (eg.
liver cirrhosis).

In addition to assessing the quality of indoor air for
AAL applications, this system isalso to be used for the
detection of VOC in breathing gas. Since the presence
of certain VOCsin exhaled air enables conclusions to
be drawn about diseases such as lung cancer or
metabolic disorders, the integration of a non-invasive
permanent gas analysis in real-time medical care is
becoming possible, aso in view of increasing
bandwidths and decreasing latency times [17].

lack of vitamin E

2. Network Setup

In order to collect and integrate vital parameters
and VOC analysis data in a home environment, it is
necessary to use an effective and fast network system
in combination with an effective database. Such a
communication system, which can be reached from
every network segment, must be able to post and read
structured messages in a data-technically secure
manner. Furthermore, it must also guarantee simple
client-server administration. These properties are in a
so-called "Twitter for computers® (or M2M) with the
help of the MQTT protocol guaranteed [18].

As a publisher, a measured value recorder
transmits e.g., the step size data to an MQTT server
(see Fig. 1), which loads the data as a json object and
makes it available to the subscribers as a data source
forretrieval. The MQTT server iscreated locally inthe
apartment and can beinstalled on any router so that the
dataisonly saved locally. Specia releases can then be
given to reading devices such as smartphones or
tablets as so-called publishers.

2.1. VOC Sensor

The air sensor is part of a more complex system,
the basic mode of operation of which can be seen in
Fig. 2. Data recorded by a sensor (e.g., CO:
concentration) are transferred as (voltage) valuesto an
Arduino board (Particle Photon Development Board
module kit), which converts the values into volume
concentrations, converts the data generated from it
into an MQT T-compliant format and transmits it to a
real-time server.

The data is displayed using a specia rea time
Avatar sketch which ispresented by Fischer, et al. [19]
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in more detail. If limits are exceeded, a warning or
recommendation is issued (e.g. "Please open window
and ventilate" or "Please consult adoctor"). In addition
to the data from this sensor, the MQTT server aso
receives datafrom different sensorsthat are devel oped
by second project group.

MQTT Publish / Subscribe

Publish T1bpm’ marr w
[ ———
Sensor
fusion ish
,
S"'.{'\‘-I_I
e e
)

Subscribe on Publish on
topic ‘heart rate”  topic ‘heart rate’
— —

Fig. 2. Vital datafusion by MQTT server.

As can be seen Fig. 3 the processor board is shown,
where the on the Arduino processor (1) islocated with
the corresponding inputs and outputs (2) for the
sensors for recording the VOC concentrations.
You can aso see the power supply (3) and the
digital / analog converter (4) and the communication
module (5).

Fig. 3. Arduino setup for VOC analysis
and communication module.

2.2. Step Sensor by Smart Shoe Insole

The aim of the second vital sensor project is the
development of instruments for the detection of gait
changes and for controlled practice in the home
environment [20]. The training of coordination skills
(right/left coordination) and the feedback on the
development of pressure in the lower extremities and
the movement pattern (G-sensors) will be carried out
in the home environment over a period of 3 months
and the influence on the standing and gait safety can
be quantified. The sensors are embedded in shoe
insoles, which are depicted in Fig. 4. The data
provided by the sensors are send by Bluetooth LE and
merged also viathe MQTT network and evaluated in
acentral cloud environment.
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The next steps are the evaluation and validation of
the analysis data and their fusion with the other
recorded vital data for usability in the home
environment. It is necessary to carry out the detection
of a sufficient number of steps to caculate the
parameters. For this purpose, a step course is set up,
which can also be carried out in the limited
home environment.

2.3. Smart Watch Vital Parameter
Acquisition

In addition to the two sensor applications of VOC
measurement and the next step with temperature and
pressure measurement, a smart watch was used to
measure the number of steps, walking distance, blood
pressure, heart rate / ECG and oxygen content of the
blood. After analyzing and testing various smart
watches, the Fithit Sense [22] and the OURA [23]
Ring were used.

Gas sensor 1/CO
Gas sensor 2/ NH3

Gas sensor 3/ H2,
CH4

Fig. 4. VOC sensor setup.

A test course was developed that lasts around
5 minutes and includes the following key points:

Starting from 100 steps, either in a corridor in the
hallway or as a tour in aroom, if the course is to be
held in the client's own home. Furthermore, two flights
of stairs down and two flights of upstairs will have to
be walked up in a stairwell in order to aso be able to
record changes in heart rate and breathing rate as well
as oxygen uptake.

3. Results
3.1. VOC Results

The spectrum of severa gases had been recorded
using an optical spectrometer (ANDO AQ 8315 with
a measuring accuracy of 0.5nm) by the measurement
setup depicted in Fig. 4 and Fig. 5. The wavelengths
used here correspond to the previously determined
absorptions of the relevant substances.

If the substances are present in the air, the light
from the source is attenuated in accordance with the
concentration, which reduces the voltage values at the
sensor output and the volume concentration can be
determined. Actualy, the temperature sensitivity and
needed gas concentration is still causing problems.
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Fig. 5. Smart shoe insole with 3D-G sensors, pressure
and temperature sensors indicated by green spots
(Figure and device fabricated by Thorsis[21]).

As it can be seen in Fig. 6, there are absorption
lines of Propane, Bhutan and Acetylene at several
wavelengths in the near infrared appearing.

In Fig. 6 the spectrum is shown between 300 nmin
the UV via the visible spectrum up to the infrared
region of 1750 nm.

Fig. 6. Measurement setup of optical absorption spectra
of VOC absorptionsin the near IR region.

The absorption depth of severa gases is depicted
in logarithmic scale of dBm. Deep absorption linesare
depicted in tube 4 boxes:

- Propane (orange) of -7 dB at 1180 nm, 1400 nm
(4 dB) and 1710 nm (more than 20 dB);

- Ethine (yellow) absorption is very deep at
1530 nm (25 dB);

- Bhutan (grey) shows best absorption at 1620 nm
with 5 dB and 1700 nm (15 dB);

- A reference measurement (blue line) was
performed to show the limit of detection response.

These absorptions are applied in the sensor and
must be calibrated to different relative gas pressures
according to the VOC grade to the different diseases
shown in theintroduction of this paper. The calibration
is still under work.

A detailed section of the absorption line of
acetylene at 1530 nm can be seen in Fig. 8. The output
voltage of the electrically amplified signa is shown
above the wavelength. One can see, however, that the
maximum absorption fluctuates strongly, so that the
middle wavelength cannot be clearly identified.

However, the absorption of acetyleneisvery broad
inthisarea, so that the detection of the VOC acetylene
can be easily detected. Both the presence of acetylene

and various concentration levels can be detected.
However, an absolute substance concentration is not
yet feasible. For this purpose, further detailed
investigations must follow.

Fig. 7. Photograph of measurement setup.
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Fig. 8. Optical absorption spectrum of different VOC
gas components.

After the clear proof that acetylene can be perfectly
detected optically, an aternative modified setup was
implemented which uses an LED with the specific
wavelength of the absorption of acetylene instead of a
broadband light source.

The possibility of using an inexpensive LED,
which has a corresponding wavelength of 1530 nm,
the absorption of acetylene, seems to be an
inexpensive way of realizing an overall system.

The experimental setup was therefore modified
and is shown in Fig. 9. The excitation light source
(LED) can be seen on the | eft, which emits exactly into
the volume to be measured. Acetylene could now be
introduced into the volume of the measuring cell in a
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certain concentration and the attenuation of the
radiation from the LED at the wavelength of 1530 nm
could be observed with a Ge photodetector. The
construction is therefore very inexpensive, since an
LED with 5-20 € and a photodetector with 5-30 € can
be obtained on the market.

The change in the intensity of the LED radiation
with the photodetector was recorded with an
oscilloscope, as can be seen in Fig. 10. One can
clearly see how the voltage signal changes over time
and thus the detection of the VOC acetylene can be
clearly demonstrated.

400 1450 1500 1550 1600

Voltage at the measuring amplifier / V

Wavelength / nm

Fig. 9. Absorption line of Acetylenein high
wavelength resolution.

.| ”
or LED g

Fig. 10. Adapted new setup for absorption measurement
of Acetylene.
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Fig. 11. Signal strength at 1530 nm by excitation with new
setup with LED excitation.
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The MQTT protocol isused as described above for

the transmission of the evaluated VOC concentration
values. The syntax is designed as ajson object and has
the following representation, for example
‘HO / Sensorl / gasl / concentration’. There is a
alerting when limit values are exceeded also with a
json abject. The patient is then alerted visually and
acoustically viathe real-time server.

In addition, the following
also monitored:

- CO: to increase the safety of air purity in
the room

- Ammonia: liver dysfunction

- Ethanol: lack of vitamin E.

gases are

3.2. Vital Signs Transmission

In order to transfer the data of the vital parameters
of the smart watch and the intelligent shoe sole to the
Neuropathy MQTT server, some technical steps are
required which should be shown in the following
which can be seen in Fig. 12.

The data recorded by the smart watch is
transmitted via the so-called Fitbit interface, which is
located in the cloud. From there, the datais queried via
the neuropathy app and transmitted to the MQTT
server, which in turn is available as a data server for
the artificial intelligence (Al) tool. Analogoudly, the
data of the intelligent shoe sole is also transferred via
the neuropathy app to the MQTT server as a json
object and transferred to the database. The artificial
intelligence (Al) tool that has yet to be developed will
then carry out the evaluation and provide feedback to
the client.

Fitbit- Neuropathi
App MQTT-Server Al-Tool
Vital
Data
| Neuropathie
[l _-interface Database
Vital
Data

Vital Data I

Fig. 12. Data acquisition via smart watch.

Fig. 13 shows the transmission chain of the Json
objects in the form of the transmission from the Fitbit
app to the MQTT server. The sequence of data shows
that the time of data recording and recorded vital
values are transmitted according to their arrival and
are uniquely stored in the MQTT data. This data can
then be called up again from the following database.

After the transfer to the database, the data pool of
which can be seen as an excerpt in Fig. 14, the
seguence of thejson objects and their contentswith the
corresponding vital data can be recognized.
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{"dateTime":"2021-06-02","val
2021-06-04""v

e" 0" {"dateTime":"2021-06-03", "value":"07},
“0"}{"dateTime™:"2021-06-05", "value":"0"),
“0"),{"dateTime":"2021-06-07","value":"0"},
1e":"52"},{"dateTime":"2021-06-09","value":" 175"}

"0"}{"dateTime™:"2021-06-11","value":"0"},

"0"}{"dateTime™:"2021-06-13","value":"0},
ralue”;"0"),{"dateTime";"2021-06-1

* “value":"0"},

}{"dateTime™"2

1{"dateTime":"2021-06-19","value™:"0"},
"0"),{"dateTime™;"2021-06-21","value":"0"},
2" "value™:"0"},{"dateTime":"2021-06-23","value":"0"},

Fig. 13. Dataview asjson object for MQTT transfer.

Fig. 14. Dataview at the data base.

In the further course of the project, the complete
data of the VOC sub-project aswell as the smartwatch
and the intelligent shoe sole will be transferred from
the MQTT server to the database and evaluated in
cooperation with the medical faculty of the University
of Magdeburg. With the help of this evaluation, a
subsequent analysis of the aggregated client data
should be carried out with the aid of artificial
intelligence. The processing and audio-visual
representation of the sensor data fusion represents a
probabilistic model as an early warning system for the
patient in the home environment.

4. Summary

Volatile organic components analysis is very
interesting possibility for detecting diseases in the
home areain avery early stage. The sub-project VOC
acquisition included the development of a distributed
sensor system for the spectroscopic analysis of room
air as part of the real-time sensor data analysis
framework for intelligent assistance systems. It could

be shown that it is possible to detect different gases or
gas mixtures with optica technologies. A
Demonstrator was realized which detected CO,
ammonia, ethanol and ethylene.

Older multimorbid people can aso continueto live
medically safely in their own home with the help of
this supporting analysis of vital parameters and gait
parameters, which was the aim of these home
monitoring project parts. Here, the Harz University
has interconnected components for a distributed
sensor network for the spectroscopic analysis of air
and step analysis. The sensor system analyses the air
in aroom by measuring the optical spectral content of
VOCsand the gait by special developed 3D G-sensors
in asmart shoeinsole.

The next stepsin the project will be the following:
In the first step we need to implement security
functions like SSL, AES256 in the transmitted data,
because the data are personally and should meet the
international security level for secure personal medical
date transfer. After that step, we need to integrate an
account / profile system that will be able to connect a
manifold of clients. These accounts must be integrated
into the existing infrastructure of the MQTT data
transfer.

After realizing the I T structure, user testsin thelab
will be performed as a pretest to finalize the whole
system. Afterwards the system will be applied in a
2-month field test in a care station. Here we want to
collect real persona data to implement and test the
artificial intelligence (Al) tool, which will give the
clients clear hints for a saver vital live in their home
environment. The Al tool will be developed in
cooperation with our medical partner at the Medical
Department of the Otto von Guericke University [20].

Acknowledgement

The work was supported by the German Federal
Ministry of Education and Research in the program
“Zwanzig20 — Partnerschaft fir Innovation”, contract
no. 03ZZ05191 and by Ministry of Science,
Economics and Digital of the State of Saxony-Anhalt
in the program ‘Autonomy in old Age AiA,
contract supported under the EFRE program of the
European Union.

References

[1]. A. P. Matz, J.-A. Fernandez-Prieto, J. Cafiada-Bago,
U. A. Birkel, A Systematic Analysis of Narrowband
loT Qudlity of Service.,, Sensors, Vol. 20, Issue 6,
2020, pp. 1636-1642.

[2]. K.H.Ruhm, Sensor fusion and data fusion — Mapping
and reconstruction, Measurement, Vol. 40, Issue 2,
Feb. 2007, pp. 145-157.

[3]. J Li, Q. Ma, A. H. S. Chan, S. S. Man, Health
monitoring through wearable technologies for older
adults: Smart wearables acceptance model, Appl.
Ergon., Vol. 75, 2019, pp. 162-169.

63



[4].

[5].

[6].

8.

(9.

[10].

[11].

[12).

[13)].

64

Sensors & Transducers, Vol. 252, Issue 5, October 2021, pp. 58-64

N. Mohammadzadeh, M. Gholamzadeh, S. Saeedi, S.
Rezayi, The application of wearable smart sensors for
monitoring the vital signs of patients in epidemics: a
systematic literature review, J. Ambient Intell.
Humaniz. Comput., 2020.

B. G. Lee, W. Y. Chung, A smartphone-based driver
safety monitoring system wusing data fusion,
Sensors, Vol. 12, Issue 12, 2012, pp. 17536-17552.

S. Majumder, M. J. Deen, Smartphone Sensors for
Health Monitoring and Diagnosis, Sensors, Vol. 19,
Issue 9, 2019.

M. J. M. Breteler, E. Al., Wireless Remote Home
Monitoring of Vital Signsin Patients Discharged Early
After Esophagectomy: Observational Feasibility
Study, JMIR Perioper. Med., Vol. 3, Issue 2, 2020.

R. Stodczyk, Ambient Assisted Living an Overview of
Current Applications, End-Users and Acceptance,
Biomed. J. Sci. Tech. Res., Vol. 30, Issue 3, September
2020, pp. 23374-23384.

C. Bellos, A. Papadopoulos, R. Rosso, D. I. Fotiadis,
Heterogeneous data fusion and intelligent techniques
embedded in a mobile application for real-time
chronic disease management, in Proceedings of the
IEEE Annual International Conference of the
Engineering in Medicine and Biology Society, EMBS,
2011.

U. H. P. Fischer, J.-U. Just, F. Theuerkauf, Intelligent
Sensor Network for Home Monitoring of Vital
Parameters, in Proceedings of the 7" International
Conference on Sensors Engineering and Electronics
Instrumentation Advances (SEIA’2021), Pama de
Mallorca, Spain, 2021, pp. 103-106.

F. Kruger, A. Hein, K. Yordanova, and T. Kirste,
“Recognising user actions during cooking task
(Cooking task dataset) — IMU Data,” UniRostock
Datenserver, p. 4, 2017.

K.-C. Broscheid, S. Stoutz, C. Chien-Hsi, L. Schega,
The potential of a home-based gait evaluation system
with a new low-cost IMU: A pilot study, in
Proceedings of the HEALTH ACROSS LIFESPAN
(HAL) International Conference on Healthiness and
Fitness Across the Lifespan, 2018.

S. Wilan, Kinect System Interventionsselektion IMUs

(on object Sensor) Situati onsdetektion
Datenkonzentration Smartphone (Tablet)
Interventionsselektion Datenfusion

Situationsdetektion / Datenfusion Arzt / Experte GUI

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].
[22).
[23).

Admin GUI Datenkonzentration Kamerabasierte, p.
11.

M. O'Reilly, B. Caulfield, T. Ward, W. Johnston, C.
Doherty, Wearable Inertial Sensor Systems for Lower
Limb Exercise Detection and Evauation: A
Systematic Review, Sort. Med., Vol. 48, Issue 5,
2018, pp. 1221-1246.

P. Pasini, N. Powar, R. Gutierrez-Osuna, S. Daunert,
A. Roda, Use of a gas-sensor array for detecting
volatile organic compounds (VOC) in chemically
induced cells,, Anal. Bioanal. Chem., Vol. 378,
Issue 1, 2004, pp. 76-83.

M. R. R. Khan, B. H. Kang, S. H. Yeom, D. H. Kwon,
S. W. Kang, Fiber-optic pulse width modulation
sensor for low concentration VOC gas, Sensors
Actuators, B: Chem., Vol. 188, 2013, pp. 689-696.

U. H. P. Fischer-Hirchert, C. Reinboth, J.-U. Just,
Entwicklung von Komponenten fir ein verteiltes
Sensorsystem zur Echtzeit- Analyse von Atemgas, in
BMC Kongress, 2019.

matt.org, MQTT  homepage,
Available: https://matt.org.

J-U. Just, C. Reinboth, A. Miller, U. Fischer-
Hirchert, Designing a distributed sensor system for the
spectral analysisof ambient air, Biomed. Eng.-Biomed.
Tech., Val. 62, Issue sl, 2017, pp. 481-484.

P. Mertens, U. H. P. Fischer, Project Neuropathie-iA,
https://forschung-sachsen-
anhalt.de/project/autonomie-alter-neuropath-23428,
2021. [Onling]. Available: https://forschung-sachsen-
anhalt.de/project/autonomie-alter-neuropath-23428.
THORSY S Shoe Sole, 2021.

FITBIT SENSE, 2021.

OURA Ring Website, 2021. [Onlin€]. Available:
https://ouraring.com/?utm_campaign=G_SEM_Brand
_Intent ROW& g_network=g& g_adid=47928124504
7&g_keyword=oura

ring& g_adtype=search& g_adgroupid=112468462265
& g_keywordid=kwd-305035554360& g_acctid=553-
919-

5922& g_campaign=G_SEM_Brand_|ntent ROW&g
_campaignid=11599005276& utm_medium=cpc& ut
m_source=google& gclid=CjwK CAjwg9mL BhB2Ei
wAUY dMtSortkPf2ochjjk7Awwvirz MwliXGK QJeF
eCO53uMPtXLjojR6X59R0CELIQAVD_BwWE

2020. [Onling].

(http://www.sensorsportal.com).

Published by International Frequency Sensor Association (IFSA) Publishing, S. L., 2021



