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ABSTRACT

Starting around 2010, the Internet of Things has grown rapidly and now also embraces the field of healthcare. Subsequently, sensor-based technolo-
gies and infrastructure to support specific aspects of health and quality of life gain significant social acceptance and are ready to be put into practice.
To address this process, a modular and reusable multi-sensor monitoring system to acquire and process health and lifestyle related sensor data was
designed and implemented. The proposed system consists of a set of wireless ambient sensors and a collection unit which are all placed in the moni-
toring environment. The sensor components of the monitoring unit can be arranged and selected individually and were designed as a plug-and-play
module to ensure a straightforward integration in the environment. The collected raw data is securely transmitted to the backend server which con-
sists of a data storage and a data processing unit. In the data processing unit, the collected raw data is linked with individual context information and
is then processed in consecutive algorithmic levels, depending on the criteria of the respective use case. The processed data of each evaluation step is
separately stored and can either be forwarded to a third party (e.qg. for providing results to the users) or be re-used in further evaluation. Through the
implementation of interfaces, it is also possible to integrate data from external sources (e.g. wearables, health monitoring devices, etc.) at each level
of data processing. The implemented and adapted system, including five non-invasive sensors which allow the monitoring of 10 different actions relat-
ed to an active lifestyle, was installed and tested in 100 households in the framework of the Smart VitAALity project. First results show that the inte-
grated sensor system was well accepted by the participants and worked in a stable and reliable manner over the test duration of one year.

INTRODUCTION

The concept of Internet of Things (IoT) describes the Internet as an interaction platform
for Things to share information. Such Things are objects, able to interact with each other
e.g. sensors, actuators, tags etc. The basis definition of an loT application describes it as
a set of three different layers:
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* data output (and input)
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TECHINCAL IMPLEMENTATION

Listed are the main technical components, which were used to build the loT middleware
architecture. The main components are based on modules of the FIWARE platform.
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ebased on FIWARE NGSIv2 structure
Data \

eentities — physical or logical objects (e.g. households)
Structure | eattributes — parameters of entity (e.g. start of activity)
e metadata — additional information (e.g. last update)

ebased on FIWARE platform

eKeyrock (user management)

*PEP Proxy (permission management)

e Authzforce (RESTful APl for XCAML requests)

ebased on FIWARE Cygnus

 Middleware l * data fusion from different sources
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eflexible data broadcasting structure

R /e reasoning, classification and decision making Real-time data
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Calculated data

"f "\ * ambient sensors
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edata historizationindependent from DB requirements
ecurrently used are MySQL DB and Mongo DB

erepresents different levels of classification
ecan be implemented in desired programming language

A\ /& measurement devices

*modular setting facilitates enhancing the classification model
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ecurrently Action—Activity—Parameter—Wellbeing hierarchy
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Activity Recognition

Parameter Calculation  VVellbeing Determination
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CLASSIFICATION APPROACH

The persisted raw data are used in the reasoning module

where different levels of classification can be implemented. The
module can be written in any language. In case of the Smart Vi-
tAALity project, the reasoning module has four abstraction levels:
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household n

e directly derived from sensor data
* represent state changes from sensors

".,\ Actions l * available in real-time
'\‘*\ /‘ ® e.g. a_maindoor_open, a_livingroom_on
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/'/ : e derived interaction with sensed objects
. e \ e classification processes
||1 agdize l ¢ combination of active and passive sensor data
"‘\ /,ff * e.g. act_livingroom, act_interaction_fridge
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y \\ * 24 hour timeframe
P t * joining of classified activities
'I., sleElilesses l * overview of active and inactive periods

\‘*\\ /,/; ® e.g. c_param_livingroom, d_param_outside
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h eindicator value for visual feedback on activity
l,r Wellbeing | ecalculated baseq on current activity |
\ | ereference value is deduced from past activeness
\ i ee.g. well time_outside, well_daily_activity
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RESULTS AND OUTLOOK

In course of the Smart VitAALity project, an ambient sensor set of
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The The pilot region Smart VitAALity (grant no. 858380) is supported in the framework
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five energy-harvesting sensors was placed in the living environ-
ment of more than 100 participants. All described reasoning levels
were implemented for research purposes.
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l.' Usag.e n .. | °®users receive feedback about their activity and inactivity
. Smart VItAALIty |  time

/ \ , * long-term execution of sensor-network and middleware
\\\ F‘/{I
,/ * no comparison data available, but overall feedback |
/ regarding calculated values very positive
ll" Results from | 98% of participants confirmed that sensors were not
| Smart VitAALity /| disrupting their daily routine
X /[ #93% of participants reported, that they do not feel
\7 y. limited in their privacy by presence of sensors
y A * reuse of middleware in further research projects |
;”f e structure is currently extended with interfaces for health
" measurement devices
| |
\ Outlook | * enhanced data fusion of active and passive sensor data
X /e middleware is also used for student projects in lectures
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