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V. Assistive Systems: Sensors vesHer [y

* Topic: Sensors, Context Awareness

* Context: The meaning and necessity resp. urgency
of actions changes with background information

* “Intelligent environment”- Ambient Intelligence
* Building automation, Smart Home
 Goal: avoidance of unnecessary actions and

delays, increased comfort and safety, recognition
of situations etc.

VO Assistive Systems



GOaIS VC&HCTR

Get to know concepts of Ambient
ntelligence (Aml)

L earn about technology and trends of
ouilding automation, Smart Home and Smart

Metering
Understand application in AAL and as

Assistive System
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Assistive Systems: Sensors

Background

VC&HCT R
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,2Ambient Intelligence” veswer 4

Ambient Intelligence (Aml) (,,Environmental
intelligence®) Paradigm: (simple) interaction
between users and environments of networked
IT-Systems

Starting point: Miniaturisation, pervasive
technology, networks, ,Internet of things“
Subarea of AAL: application of Aml-
environments for an autonomous and active

way of living

VO Assistive Systems



Aml: Typical application areas vesHer [y

Transportation

Aml goals: inteligent Station
Automatic recognition
of user intentions

Automatic adaption
and reaction to user

Commerce
Intelligent Exhibition

Leisure
Intelligent Playground

Work
Intelligent Office

e
Education
Intelligent Classroom

Source:
Forth ICS

Hochschule Furtwangen Prof. Dr. Christophe Kunze
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Aml: Ways of interaction

Technically supported ,intelligent” interaction
Between persons
Between persons and environment
Between objects (devices) in the environment

OBJECT TO OBJECT
INTERACTIONS

PEREON TO PERS0ON
INTERACTIONS

BIG
Context Aware
Applications and

ENVIRONMENT
INTERACTIONS

Hochschule Furtwangen Prof. Dr. Christophe Kunze
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Aml: implicit vs. explicit interaction vesHer [y

X Microsolt Excel - Mappel O] X|

%" Dster Deabeiten Ansicht Einfugen Format Egtias  Daten  Fenster 2 =l8] x|
DR sy &= ol =|x] 812 2| #fe o
[avial A0 o Flx|ul =|=|=]5 9| o] 8] -] -
Bl els|=[ B ¢ M- @] E[EF
NoleholE| s mlen s of k] k] al Y-
dabl| o] F|e| |6 e 8le]| 0| 3] _a
4| 15| | ol ul ul o ®ér| =[] 2=[3=| El=<| 2] ©] B|O]
G |aa|%j|9cull l -l wle|9w &les

A5 -

N DA O P S D S S T

e bl e
AWk =

VO Assistive Systems

Hochschule Furtwangen Prof. Dr. Christophe Kunze 9



Aml: implicit vs. explicit interaction vesHer [y

Implicit Input
| e 2
User Input 5 o
= 2 =
L (’ @ o
S \ Application |« =
O x —
S 5
T Exphcnt Output o | g
Implicit Output™®

Hochschule Furtwangen Prof. Dr. Christophe Kunze 10
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New interaction technologies:
Object interaction
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Aml: implicit output (examples)

Source: Philips

Hochschule Furtwangen Prof. Dr. Christophe Kunze

VC&HCT ﬁ

T~ Top quality gust-buster
umbralla canopy design

The magic is in the
handle =it glows to
indicate when rain or
snow is forecast - so
you remember to take
it with you.

Source: Ambient Devices

VO Assistive Systems
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Aml: implicit sensors/output (example) veaxc

efo
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En]oy Your FOOd With Eating too fast, and not chewing long enough leads to poor digestion

and poor weight control.

H A P lfork by JACQ U E S I— E PI N E The HAPIfork is an electronic fork that monitors your eating habits.

The HAPIfork gives you precise information about your eating
schedule. The HAPIfork alerts you with the help of indicator lights
when you are eating too fast.

Every time you bring food from your plate to your mouth .
with your fork, this action is called:
a "fork serving".

The HAPIfork also measures:
+ How long it took to eat your meal.
+ The amount of “fork servings" taken per minute.
+ Intervals between "fork servings". 201

u INNOVATIONS

This information is then uploaded via USB or Bluetooth to your Online
Dashboard to track your progress.

The HAPIfork also comes with the HAPILABS app plus a coaching
’ ‘ . ’ ‘ ’ ‘ PRE-ORDER NOW! program to help you eat better and change your eating behavior.

w Why is it important to eat slowly?

Criginally developed for clinical or medical use, HAPIfork has today the potential
to become a must-have utensil for everyone, available in every kitchen.

P . V. ¥ S S e RPN O TN S Y TS P T ST Y ~PRY TP |

@ x
Fork vibrates if user is eating too fast

Hochschule Furtwangen Prof. Dr. Christophe Kunze
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Aml: ,Smart Objects” veancr 4
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Aml: Object interaction vesHer [y

GlowCap  GlowPack”

Lights up/ vibrates, when medicine should be taken.

Hochschule Furtwangen Prof. Dr. Christophe Kunze 15
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Aml: implicit interaction/output veancr [y
(example)

,Pillow Talk”

Source: http://www.littleriot.com

Wristband senses own heartbeat, which is output in pillow of
other person

VO Assistive Systems
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Assistive Systems

From great Aml visions to the
base technologies relevant for
Assistive Systems

VC&HCT R

VO Assistive Systems
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Base technologies: veancr
Sensors, automation

Sensors are used for:

* Increasing comfort (Smart Home, building
automation)

* Saving energy

* Detecting emergencies
» Fall detection
» (In-)activity analysis
* Determining presence and position of user
* Providing background knowledge (context) to

functions
» What is the user doing in this moment resp. what has
he/she already done

VO Assistive Systems
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{

Building automation, ,Smart Home'

* Building automation is the
(classic) electronic control of
buildings (lights, heating,
shading) by central systems

 ,Smart Home” denotes the
networking of building
automation with further
systems in the house
(household appliances,
consumer electronics, ...)

Hochschule Furtwangen Prof. Dr. Christophe Kunze

VC&HCT R
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Quelle: Hager
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Classic building automation

Typical components:
switching actuators,

movement detectors, Reed i
Ta

contacts, motors, ...
Typical control elements:
Programmable switches, Quell: Gira, RWE, Hager
Touch displays, Remote o
controls

Typical technologies: Home
bus systems (EIB / KNX)

Hochschule Furtwangen Prof. Dr. Christophe Kunze 20

VC&HCT g

VO Assistive Systems



Retrofittable building automation

RF networked systems

enable simple —® 3
retrofitting in existing | E | 2
homes. T 8
Battery operated —

(lifetime: several years)

or
batteryless systems by \\
Energy Harvesting (e.g.

EnOcean)

Hochschule Furtwangen Prof. Dr. Christophe Kunze

VC&HCT g

RWE

VO Assistive Systems
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Smart Home: Application example
Typical bundles offered vesser

Alarm

Source: Qivicon

Sirene im Rauchmelder
schidgt Alarm

ur-Fenster-Kontakt gibt bei

Ausgewshite Lichter Kamera zeichnet T
gehen an Video auf Auslosung Signal an Kamera

Hochschule Furtwangen Prof. Dr. Christophe Kunze 22
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Smart Home: Application example
Typical bundles offered

Comfort and Energy Saving

Heizungen regeln, Temperatur- und Luftfeuchte messen

Die App: der Schlissel ’
zur Energieeffizienz ——

_/'q

=

Meine Raume (s ] L
. o
.‘ [m: i, * A

—
I
- g
| [
| |
—— .
Erfasst Temperatur Meldet das Offnen und Schiiegen Bequem geregelt
und Luftfeuchte von Tur und Fenster per Smartphone

Hochschule Furtwangen Prof. Dr. Christophe Kunze

esner (R

Source: Qivicon
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Austria: A1 Smart Home

Comfort or Safety Package

Al Gateway

Das A1 Smart Home Standard bzw.
Premium Gateway ubernimmt die
gesamte Kommunikation zwischen
lhrem Smartphone und lhren Smart
Home Geréten - verschlisselt und
ausfallsicher!

Thermostat

Mit dem Thermostat in Kombination
mit dem Multisensor kénnen Sie
|hre Energiekosten senken. Die
Temperatur wird lhnen direkt am
Gerat auf einer LCD-Anzeige
dargestellt.

Tur-/Fenstersensor

Dank des Tur-/Fenstersensors
wissen Sie immer, dass Turen und
Fenster, aber auch das Garagentor
oder die Haustierklappe, in Ihrem
Zuhause geschlossen sind.

Multisensor

Der Multisensor misst Licht,
Temperatur und informiert Sie aktiv
bei Bewegungen. Durch das
moderne Design und die cptimale
GraBe l&sst er sich gutin lhre
Einrichtung integrieren.

Steckdose

Die Steckdose kann zur manuellen
oder automatischen Steuerung von
Elektrogeraten cder Lichtanlagen
genutzt werden.

Indoor Kamera

Sehen Sie immer was zuhause
passiert. Live. Und in
Videoaufzeichnungen, wenn die

Sensoren Unerwartetes registrieren.

Mit 115° Radius, HD und Private
Maode.

VC&HCT

Elneer T er

] 4] 1

Die App

Source: Al

24
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Austria: T-Mobile Smart Home
Comfort or Safety-Package

SMERT o
HOME

1. SmartHome-Lizenz 2. SmartHome-App 3. Home Base

.9
d

= 7

Home Base
n jedem Starterpaket inkludiert.

4. Smarte Gerite

VC&HCT R

Source: T-Mobile

25
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Austria: SMARTHOME-Austria
Several Packages

SICHER-SORGLOS-PAKET

energie § -
Juhitf =y
/

: rh
e i \ e | 3
[ ik -
= y
ST &l

esner (R

ource: smarthome-austria/Kelag
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Austria: Medion VCRHCT
Several Packages

Starterset - Einsteiger Starterset - Fortgeschrittene

Mit unserem Smart Home Starter Set fUr Einsteiger bekommst Du alle In diesem MEDION Smart Home Starter Set fur Fortgeschrittene befinden sich
notwendigen Komponenten, um Hab und Gut effektiv zu schiitzen. Der Clou  neben der MEDION Smart Home Zentrale vier TOr-/Fensterkontakte sowie ein
dabei: Du kannst das System einfach selbst installieren. Zudem bietet das Erschitterungssensor, ein Bewegungs- und ein Rauchmelder, ein

Starter Set ein unschlagbares Preis-/Leistungsverhaltnis. Heizkdrperthermostat, ein Zwischenstecker sowie eine IP-Kamera und eine

Wetterstation.

Source: Medion

27
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Smart Home — veancr [

typical System architecture

Verbindung der System-Welten mit dem domovea-Server

tebis KNX = ~ domovea
Multifunktions- Raumtempe- i : | Visualisierung auf:
taster raturdaten - | Source:
|
R Hager

Intermet

-+ Computer

Mobiltelafon

Rollladen Home Cinema Licht Temperatur

Installation and cabling needed

28
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Smart Home - Status VC&“CT‘;

Up to now mainly as individual installations in
luxury segment (< 1%) or in research projects

Missing standardisation — ,,isolated application”
Integration made difficult by largely different
product lifecycles

Trends: price decline, increasing choice of
products for retrofitting, energy saving as
driving force, wireless

VO Assistive Systems
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Smart Home - Protocols VC&“CTR

* |nfrastructure (e.g.: 6LowPAN, IPv4/IPv6, RPL)

e I|dentification (e.g.: EPC, uCode, IPv6, URIs)

 Comms / Transport (ex: Wifi, Bluetooth,

PWAN)

e Discovery (e.g.: mDNS, DNS-SD)

 Data Protocols (e.g.: MQTT, CoAP, AMQP,
Websocket, Node)

 Device Management (e.g.: TR-069, OMA-DM)

 Semantic (e.g.: JISON-LD, Web Thing Model)

 Multi-layer Frameworks (e.g.: Alljoyn, loTivity,
Weave, Homekit)

VO Assistive Systems
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Example of Platforms spanning several cencr

manufacturers

Viele Gerate, eine Home Base — App geht’s.

Die einfache Kontrolle via Funk und Internet

Telekom
Qivicon

Verbindung mit allen
kompatiblen Gerdten

s,
'_3)

¢
3

T“u -
ﬂ\l\__
Steuerung und Kontrolle S
Uber Apps verschiedener
Marken via Internet.
m:wcon.ﬁ N

HO“"EW Die Schnittstelle fur alles:

die QIVICON Home Base.

Hochschule Furtwangen Prof. Dr. Christophe Kunze

verschiedener Marken via Funk.

2
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Smart Metering as Sensor VC&HCT

EINE ZAMLER EMPFEHLUNGEN MER KDNTO
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Hochschule Furtwangen Prof. Dr. Christophe Kunze 32
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Smart Home:
Applications in the AAL environment

Support/orientation (e.g. automatic lighting)
Automatic building control for disabled
persons

Usage of building sensors and Smart-
Metering for monitoring and detection of
emergencies

Usage of building sensors as context
information (e.g. localisation of user)

In open environment nowadays with
Narrowband IOT/LTE increasingly but not
everywhere available

33
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From Smart Home vearcr 4y
to Assistive System

 Smart Home allows users to interact actively
with their living environment and to control it
(also from afar). Smart Home optimises and
monitors the living environment.

* An Assistive System additionally monitors the
activities and the wellbeing of (single) users,
without need for the person to actively do
something.

* |OT is the network of physical devices, vehicles,
home appliances, sensors, actuators, ... to
connect, collect and exchange data.

VO Assistive Systems
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|OT Stack —
Physical to Application Layer

loT Application Device Management
Binary | JSON — IPSO Objects
REST APIs

Application

CoAP | HTTP
DTLS | TLS

Web Transfer

UDP | TCP
IPv4 | IPv6 | 6LoOWPAN

Internet

K

Nework G551 @) 40 @ ite

VC&HCT R

Source: Simon Ford - Director of loT Platforms ARM

35
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Creating interoperability veaHcr fy

* One platform offers the coherent system
environment for applications. Often
needed services are provided centrally.
Different components can be attached via
defined interfaces

or

 Middleware: An intermediate layer
mediates between applications and
infrastructure and hides the complexity of
systems

36
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Example of cross-manufacturer open veancr 4
platforms

Open Home Automation Bus (openHAB) ->
Since 2013 ,,Eclipse SmartHome*

3} openHAB Add-ans

openHAB Architecture Overview = covec o

SGi Framework

Open Source
JAVA, OSGI

,Bundles”
Implement
protocols and
functions

Rules,

graphical user
interface

Can be extended

VO Assistive Systems
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Example of middleware: universAAL

Middleware supporting assistive applications

Model (optional)

Context Context Service
Publisher Subscriber Caller

B in Ontol - :
SRR LEL Sy iBus-lness Logic

esner (R

Source: universAAL

38

VO Assistive Systems



Ontologies: ,,common understanding”
of data from different services vearer fy

Example ontology: Activity Hub model (1SO 11073-
10471) example “Lighting”

service:Service LightSource hasType 9
ambientCoverage e
controls srcBrightness = <} |
o
srcColor 5 = T
srcLocation S |lwZ
. S|1Z T
Lighting [% ST
= |0 l
s |72
R Q
'% | “lBs
| | \/ ]
BlinkableLighting Beaming BlinkableLightSource BeamingSource - . 'E
isBlinking beamingDirection | | _ |= o = B0
AN targetSurface £1532" 2 2~<a
= DI clw=ss
. =10 -2 =035 %
_ | olXyw 3 m Ela—13
ECoO0lad| |8ElZn )
bl_lymnZ=>D ™ < =
| o (= T u o Z0 335
i o
BlinkableBeaming BlinkableBeamingSource Wa 5 e)e) "|':E
<=3 <
Oaow I i

Source: universAAL

VO Assistive Systems
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AAL relevant standards (examples)

Vital data sensors
Smartphone for apps
Sensors, building
Sensors, wireless
Household appliances
Health records

User interface
Consumer electronics

Network

Continua Health Alliance

OS: Android, iOS

Busses: KNX (EIB), Loxone...
EnOcean, ZWave...
Miele@Home, Samsung, Bosch...
HL7...

(universal remote console)
Bluetooth, IR

IPv4/v6, SSL, OpenlD...

VC&HCT R
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Also relevant ISO standards veaHcr fy

ISO/IEC 29341 Information technology -- UPnP
Device Architecture

Many parts e.g. part 30-1: loT management and
control device control protocol

ISO/IEC 30141:2018 Internet of Things (loT) --
Reference Architecture

* Characteristics of loT systems
* trustworthiness characteristics
e architecture characteristics
 functional characteristics

VO Assistive Systems
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Current situation veaHcr fy

* Many protocols, a wide range of available
sensors, devices, related applications/
commercial systems => theoretically good
starting point

e Manufacturers follow own ,,standards” instead
of complex public standards. Vendors are small
companies or come from related business
areas. Concepts for maintenance are rare.

* Little to no overview, consulting, financing

 Recently, attempt to establish safety and
update standards.

VO Assistive Systems
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Assistive Systems

Beyond Smart Home —
Sensors, activity and context

VC&HCT R

VO Assistive Systems
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Safety technology:
Classic sensors

Movement detector on infrared (IR)
basis (PIR = Passive Infra Red) needs
change (movement)

Reed-magnet contact
Detects opening of doors and
drawers, (or toilet flush)

Switch/Measurement adapters
Measures current, switches load

VC&HCT g

VO Assistive Systems
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Special sensors

Presence detectors on IR basis

Do not need movement for triggering
(different to PIRs)

Deliver a coarse IR pixel image
(temperature)

Detect presence of non-moving persons

VC&HCT g

VO Assistive Systems
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Special sensors

Bed sensors recognize if a person is in bed:

AirSkin sensor: air(pressure)  { -

Emfit mattress sensor 2t

Bed foot sensor (weight)

VC&HCT g

VO Assistive Systems
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Safety technology: veaHer 4
Special sensors

e Current in cable without adapter (to plugin)
and cutting cable (by stray field)

 Waterflow in pipe without measurement
device to plug in between (by detection of temperature

change, noise, vibration...)

 Temperature monitoring for stove (on IR
basis)

VO Assistive Systems
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Safety technology
Detection of hazards

Smoke detector
Stove switchoff
Water leakage alarm

VC&HCT R

Devices with automatic switchoff (flatiron, etc.)

~ L ]
o =

==

Water leakage Smoke Stove

alarm detector monitoring

Hochschule Furtwangen Prof. Dr. Christophe Kunze

Gas detector

VO Assistive Systems
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Special sensors vesHer [y

Current:

Fitness tracker or Smartwatch

(mostly via cloud) 3
Record movement, sleep phases, pulse

Bluetooth LE interface to Smartphone to cloud

Often proprietary encrypted data, only available
via server from internet

49
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Perils — e.g. falls at old age vesHer [y

Significance
More than 15 Mio. people >65 yearsin D
30% of them fall at least once per year
In care homes even two times per year
Results:
10-20% have to be treated by doctors
1-2% hip fractures
70% likely death within a year for persons
> /5 years

(Source: Wildner 2001, Hoffmann 2006, Gillespie 2003)

50
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Sensors for fall detection VC&“CTG

Users often not able to call help on their own, do not

want to “annoy” or forget to make use.

Body worn

-  Movement, vibration
Hip or wrist

On the floor

- Vibration, flooring e

In the room

- 3D camera |

Indirectly

- Inactivity

51
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Fall detection: special sensors veswer 4

SensFloor Applications
Pattern recognition

Source:
FutureShape, 2010

Hochschule Furtwangen Prof. Dr. Christophe Kunze 52
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Fall detection — veancr
fall prevention/mitigation

Are detection systems the only solution?

Even better:

= Fall prevention
Better lighting

Realisation, training

Removal of trip hazards (carpets)

= Protection against fall consequences:
cushions

VO Assistive Systems
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Fall prevention - illumination

Battery operated orientation
light with movement
detector

Hochschule Furtwangen Prof. Dr. Christophe Kunze

VC&HCT R
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Classic Senior alarms

Water detector /
Smoke detector

Wireless button

Central (PSTN)
alarm unit

Hochschule Furtwangen Prof. Dr. Christophe Kunze

esner (R

Fall sensor

VO Assistive Systems
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Classic and future alarm systems veswer 4

Problems today

 Low acceptance (pendant, sensors on body)
* High number of false alarms

* High rate of non users (obliviscence)

* Low diffusion (in D)

Solution attempts

e Ambient sensors instead of body worn

e Passive alarms (inactivity, no action needed)
* Flexible use (not only for emergencies)

VO Assistive Systems
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House alarm, pendant and AmbiACT

Simple combination

H

Tagestaste

Source: Eckert et al., 2014

Notrufknopf

|

e 8 AmbiAct orele

The AmbiACT-current
sensor automates the
reset of the so-called
passive house alarm
with every usage of an
electrically powered
device associated with
activities of daily living

Example:

The AmbIACT current sensor is connected
to a normally used daily electrical device
(e.g. kettle, coffee machine).

The manual switching on / off of this
device by the user is registered by the
current sensor and leads to the reset of
the "safety clock".

57
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House alarm: current problems veswer 4

* Based on classic telephone (PSTN) with power
supply over telephone wires from automatic

exchange
-> telephone and alarm also worked in case of power
loss in the house

* Nowadays often replaced by VOIP technology
or mobile phone, -> no defined power outage
bridge time.

(Costs ca. 25-30 € per month rent, optional add-on services)

VO Assistive Systems
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Localisation systems veawcr [

special localisation systems

Within buildings by transponders
Outside via GPS

Also in combination Example:
. . . Martin Elektrotechnik
Geofencing or localisation Schuzengelsysteme

Raphael-Armbanduhr Uhrendummy mit Raphael-Schliissel Raphael-Melder

mit eingebautem Trans- Patentverschluss fir den Patentverschluss.  einfach installieren und

ponder fir Radiofrequenz-  als Armband oder Fulband.  Durch Magnettechnik ein-  in Betrieb nehmen. Die

|dentifikation, spritzwas- Offen frei verstellbar, ge- fache Handhabung und Erfassungsreichweite

sergeschiitzt. schlossen festund sicher.  groRe Zuverl&ssigkeit. betrdgt0,5 m-7 m. Meldet
auf beliebige elektronische
Benachrichtigungssysteme.

Hochschule Furtwangen Prof. Dr. Christophe Kunze
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Localisation systems:
Special mobile phones

Il Hetwork .00

E.g.: SmartLing E.g.. Emporia

Hochschule Furtwangen Prof. Dr. Christophe Kunze

|
—

VC&HCT G

(@)

E.g.: sazo GPS

VO Assistive Systems
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Activities of daily living (ADL) veswer 4

Activities of daily living (ADLs or ADL) is used in healthcare sector
to refer to older persons’ daily self care activities.
3 classes of ADL are important for Assistive Systems:

(basic) ADL = Activities of daily living. They include the ability to
toilet, feed, dress, groom, bathe, and ambulate.

IADL = Instrumental ADL. They include the ability to successfully
use the telephone, shop, prepare food, do the housekeeping and
laundry, manage medications and finances, and use
transportation

eADL = Enhanced ADL include participation in social and enriching
activities, such as learning new skills and engaging in hobbies

Source: potenziAAL, benefit, 2015

VO Assistive Systems
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Older people’s difficulties with ADLs

VC&HCT R

35
L)
&
Q
Q 30 -
L
25 -
20
15
10
) I I
0
eating sitting down and dressing going to the bathing or
getting up toilet showering
B Men 60 to 75 [ ]Women 60 to 75
[ IMen 75 and over [ ]| Women 75 and over

Source: Statistik Austria, Osterreichische Gesundheitsbefragung 2006/2007, nach potenziAAL, benefit,

2015
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Assistive Systems

Sensors and data

Types and quality

VC&HCT R

VO Assistive Systems

63



Sensors, aspects

* Power supply
* Mains, battery
* Energy Harvesting
* Networking
* Cable
* RF wireless
* Mounting
* Size
* Conspicuousness
* Obstructiveness e.g. at cleaning
* Removability (mounting holes)
e Stability

VC&HCT g
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Sensors, types

e Fall

 Vibration, distress sounds
* Position

* Movement

* Presence
* Activity

* Movement

* Opening doors

e Usage of (electric) devices
* Environmental conditions

* Light, temperature
* Presence (indirectly)

VC&HCT g
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Sensors, data VC&“CT‘;

There are different kinds of data:
* Direct ,,analog” readings e.g. temperature as
indicator for situation, battery monitoring

* Single ,events” e.g. alarms

* Indicative events as local indicators of incidents e.g.
movement sensors

Data mostly occurs in form of time series, the order
and synchronisation with time is important, especially
with networking

VO Assistive Systems
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Sensors, purpose

* Presence (mostly indirectly)
* activity — context, instructions
* Position — contacting user
* Environmental conditions — emergencies
* Activity - and inactivity patterns
* Comparison with typical patterns
* Emergency detection

VC&HCT g

* Daily patterns e.g. light at evenings, visiting WC,

bed
e Statistical adaption to frequency of certain

events
But: collect only necessary data

VO Assistive Systems
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Sensors, experience

VC&HCT R

Technology not always is popular and accepted,

the users are no typical consumers, which
themselves choose the systems.

Sensors and modules should be as invisible as
possible. Many older people find technology as
not fitting to furniture and intrusive, even when it
is not at all in their way. Blinking lights or noises
are found to be extremely disturbing and there are

frequently doubts regarding radiation (possible

sleeping disorders) and power consumption
(always on).

But: users have a right to know about sensors

VO Assistive Systems
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Sensors, perils vesHer [y

* Additional cabling can increase tripping hazard ->
carefulness with installation

* Wireless data transmission can be captured by
unauthorised persons -> encryption

* Collected data can be stolen by unauthorised
persons -> authenticated access, protocols, data
economy and preferably no transmission over
Internet, if at all only encrypted and secured

* Deceptive safety -> sensors should never be seen as
sole guarantor of safety

VO Assistive Systems
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Are basic sensors from building technology Vc&HCTR

useful also for more complex detection?

1
|
o,
- |
|
5

Movement/presence Window/door Digital/smart
detectors contacts meters
Presence of a person  Open/close Usage of electric
in a room, movement devices, lights

Hochschule Furtwangen Prof. Dr. Christophe Kunze 70
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AAL approach: detect Situation from
(Smart) Building Technology indirectly

Tir- bzw. Fenstersensor inkl.
0 elektrischem, mit PAUL
bedienbaren Rollladen

Door, window

Bewegungsmelder

Movement
+“4 Lichtschalter, auch mit PAUL
fa .
bedienbar
Light

® Wasserflusssensor

Water Source:

TU Kaiserslautern

VC&HCT R

Hochschule Furtwangen Prof. Dr. Christophe Kunze
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ADL

Washing and
clothing

Washing and
clothing
Defecation

Activity

Eating and drinking

Source: Chiriac 2012

Sensors for selected ADLs
- indirect sensing

Humidity
Movement

Contact
Temperature
Movement

Movement
Contact

Movement
Contact

Contact
Contact
Movement

Type __[Place

Bathroom
Bathroom

Wardrobe
Bedroom
Bedroom

Toilet room
Flushing

All rooms
Entrance

Cupboard
Fridge
Kitchen

VC&HCT R
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Sensors — periodic check

Sensor Frequenz | Lebensdauer
15s
(bei
Bewegung und Bewegung) _
Hc]hl.iglx}.it 2-6 min > 1 Jah
(ohne
Bewegung)
TLE:]]':,::;E:“L:m 2-3 min < 3 Jahre
[x pro Tag
Kontakt (Alive- > 2 Jahre
Message)

Source: Chiriac 2012

Sensors emit messages in
intervals according to
configuration = allows
function check.

If e.g. a contact sensor does
not send a message at least
once per day, it can be
concluded that there is a
problem (possible low
battery, broken)

73
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Activity monitoring in real applications vesHer [y

74
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Assistive Systems

Sensors and data

Evaluation and visualisation
Detection and decision

VC&HCT R
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Example: Activity diagrams veswer 4

m | g e Jusichecking. go.uk
Myfccount | Holp | [, Logout |

Kitchen:

Meal

| oRemn CiPinPage - sawaseoE |

|| Chantfor.

Eonr Door -JII mimﬂﬁl on 2601 2010 at 11:19gm PreparﬂhOﬂ
omecare
Visits...

Mon 14" Nov 2010 Bathroom:
M Tt et Tee) el T e ) RE‘, U“GI
s Taday | | Date wDay |+ Night |7 day view . 9 r
' o vVistts..
Source:
www justchecking.com
76
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Example: Activity diagrams veswer 4

[ Print (PDF) View Logins €} Setup Chart o Setup Users & Alerts Just %
Checking

s
System 33149 Last updated 6th November 2013 at 10:52am =s Refresh

Bedroom I R N (NN
Bathroom | - . I I-
Lounge I
Kitchen 0

Non—occupancy -
since a door has

_ been used.

[0 [T I ST T~

1
121 2 3 4 5 6 7 8 9 1011 12 1 2 3 4 5 6 7 8 9 10 1112

Front Door

Back Door

Midnight Noon Midnight
Tue 5th Nov 2013

Monday Tuesday Wednesday Thursday Friday Saturday Sunday
« 04 Nov 05 Nov 06 Nov 07 Nov 08 Nov 09 Nov 10 Nov ”
31 Today | E9Date « Day | + Night [7 day | I[37 night

VO Assistive Systems
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Example: Activity as heatmap

,Heatmap“: the ,hotter” the more activity

Source: Kropf et al. 2012

VC&HCT g
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Example: activity per room veaHcr fy

16

A —+— Bedroom
14

—&— Kitchen
Living-room A
12 Shower

—#— WC/Bathroom
—8— Doorstep

Average number of firing motion events per hour

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
24 hour cycle

VO Assistive Systems

Virone et al. 2008
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Example: presence per room

—i— Bgdraom
—8—Fchen
Liing-rmom

=
L=

—=— W Bathroom
——Deersian r-‘/

T

Average time per hour {min)
& =4

10

{0 4 i i i i ) e —

i 2 3 4 5 6 T &

Virone et al. 2008

i =1 i ] X L] " R L] =l ! R i - i 5 ] i
# MM 11 12 13 14 % 1 W e 1@ @3 o2 oEk 23 24
24 howr cycle

80
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Overview: vendors today veswer 4

Also in D:
Tunstall Adlife
Locate Solutions
easierLife

Only in USA / GB:
BeClose

Just Checking
QuietCare [
ellpware L
Simply Home

GrandCare Systems

WellAware

Key Components

VO Assistive Systems
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Example sighAAL project veswer 4

System for e —

. signAAL Uberpriifung Alarmierungs App
detection of t
unusual .
. ) o | =) | w_‘.g-,:’ﬁ'
nightly - age==
signAAL Sammelstelle Bettsensor

activity and
support for
care staff

VO Assistive Systems

Source: www.aat.tuwien.ac.at/signaal/
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Situation recognition in AAL systems: veancr [
Starting point: sensor data time series

Tagesausbeute an Rohsignalen

I I T I I

vvvvvvvvvvvvvvvvvvvvvvv - oo e+ 00w v e o s weens o Bewegungsmelder8Aus
wwww,”?m“pmww*é,w MWM BewequngsmeldersAn
vevesrssessesssnessssssisss mames arommamms avess s svmim  swossss mesvenemes| Bewegungsmelder7Aus
ommmﬁ i : N SenequngsmelderAn
et e aeeas et s s 45003205 0 e memann s 00 sm 505 a3 0 swnso | BewegungsmelderBAus
# §Hm‘wm¢.m o N BewegungsmeldercAn

et oSO 80058485 8055450004 B0 5058 0 45205405 Tuerazu

¢¢ﬂ¢ww¢wo¢ .

“ Tuer1Zu

Tuer1Auf

Source:
Alive Tu Kaiserslautern
S T S R
0 4 8 12 16 20 24
Uhrzeit

VO Assistive Systems
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Situation recognition in AAL systems: veancr [
Starting point: sensor data time series

ITP07 - Testwoche‘l; Do

| | | | |
Omoz—+ p: sk T Dl TN T Wl sl o g By B
gvos« . - | i | | L1k S N B
z DO3 : : : : : : N N ; [ 1 \ L. I ; ; —
e e = TEESESSE—— =
HERD/MIKRO —| : : : : : : : g : 3 : : : |
KOHLSCHRANK] = — — §
% M13— |- ﬂl W Lt .ﬂl | W 1 H“ﬂh h IH Y| IJUI =
oviez = b b Wl by T il i | | ' B
2 u N N RN RN S N U ¥ F | L L] L Jr—
B it e e T i i T T T T I i i i e
nseH-Mo 0 0 A LTI T U T N R =
TISCH-V 4 | é : é T T é T |‘HMI b g1l T 0 -

P S ‘ T

P
L L

L V05 = ?Illﬂlélhlig\ﬂgl g ; Inﬂ I N

|
I L
— i

(U ) bbb

BETT -V byl il L L]l
£ MO7— : § § Bes g
i ' i i i

|

i : | | L
i i : | |

[ I N I

0 1 2 3 4 L} B 7 8 9 10 k| 12 13 14 15 16 17 18 19 20 21 22 23 24

Patterns of classes of actions from raw data (eHome project)

2
|
i
VO Assistive Systems

84



Situation recognition in AAL systems: vc&HcTR

Detail: nightly visit of toilet

TPO7 - Testwoche 1; DO, 22:40 - 22:50 Uhr

V05
= Do5|
LO5

O M03
%vo3_
< po3 |
= L03_]

TISCH - M+ -
TISCH - V =

22:40 Uhr 22:50 Uhr

Patterns of classes of actions from raw data (eHome project)
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Simple situation recognition: \,c&HCTg
Statistics — comparison with past

data count=31 from Sat, 05 han 2010 22:00:00 GRIT to Mon, 07 han 2010 04:00:00 GRT, nmun=0, max=4 .93

a0 I bed
Wl livings room

kitchen

an bath room
toilet
outdoor

=0

2.0

10 / / /

0.0 \ /\ J -

20:00 0:00 <00 E:00 12:00 1é:00 20:00 .00 <00

full range selected, use mouse to select zoom area

VO Assistive Systems
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Simple detection of situation:
Inactivity — what is ,,normal“?

|—— Alarmgrenze ——— Abwesenheit mmmE Anwesenheit |

i

0,0

-1,0

Dauer der Inaktivitaet / Std.

R MU U S S I S S B

Hochschule Furtwangen Prof. Dr. Christophe Kunze
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Quelle:

Tu Kaiserslautern
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Example: automatic evaluation
and visualisation (App)

<. 4 08:26 < .4 4 08:28
Status ~ Status ~
J Adrian Muller =/ J Adrian Muller =
/U Hause /U Hause
Letzte Aktivitat vor 10Std. 41 Min. Letzte Aktivitat vor 10Std. 43Min.
Gestern Gestern
. Wieder zu Hause B Wieder zu Hause
um 16:48 Uhr = Um 16:48 Uhr
) Aufgestanden
um 07:32 Uhr Wieder zu Hause
; Adrian Muller ist wieder zu
Vor 2 Tagen (02. Juni) Hause.

T Aktivitat (nach Inaktivitat) 03.06.2014 16:48:10

o OO = o O =

VC&HCT R

Source:

easierlLife
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Example: automatic evaluation and
visualisation (remote interface)

VC&HCT G

VO Assistive Systems
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Methods for situation recognition

What is unusual?

Rule based
(specification based)

e.g. logical rules,
semantic models (Ontologies)

Needs rules which implement
Domain knowledge

e.g. from experts,
immediately useable,
parameters

By learning (learning
based, Kl)

e.g. Neural nets,
Decision trees

Need plenty of training
data, time to learn

No direct parameters

90
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Rule based situation detection

Alert settings

esner (R

Mot Up and About v °
Visitor Late v 4 °
Door Left Open v ©
Exit v ©

Hochschule Furtwangen Prof. Dr. Christophe Kunze

Not Up and About

Send an alert if none

have set.

of the chosen se

nsors have been triggered between the times |

Not Up and About settings

Send to

[ 7:00 AM ] and [ 9:00 AM
Bathroom
Lounge
Kitchen
EE 1. Madeleine Berger [x]

91
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Example scenario:
Recognition of “prepare lunch”

,Preparation of lunch®

Beispielszenario 1
Lunch

S—

Fridge door

Cupboard door

Power consumption (oven)
Movement detector in kitchen
Time of day

Localisation

VC&HCT R

Source: Fraunhofer IMS

Hochschule Furtwangen Prof. Dr. Christophe Kunze
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Detection Rule: Nightly Visits of Toilet  veaxcr fy

A nightly visit of the WC and return to
sleeping room are well detectable

data comnt=265 from 3 Jon 2010 000036 GAMT to The, 03 Jon 2010 2535853 GMT_ min=1_ ma=x=1

El 50430.101
El 2008.0.101

2003 0101
Bl 50450101

c
)
| -
o
(%)
c
)
(%)
(%)
00
c
S
80
)
=
)
)

Nacht:im Bett(rot) | Tag: Bewegung am Gang (griin) I Nacht | |

0:00 300 200 12:00 16:00 20.00 0-00

ful
Zeitachse, 0-24 Uhr

VO Assistive Systems
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Stove Alarm Rule

Alarm if
Kitchen not used for long time (presence, activity)
Leaving apartment while stove still hot

First alarm via screen, then SMS to own mobile
Auto-switch off needs electrical installation

94
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Stove Alarm Rule: sensor data veascr [y

Typical rise in temperature, slow decrease

Cooking —warm over

Relatively to environment temperature

valisa
+ waluediffauts

Tamperature

VO Assistive Systems
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Coffee machine alarm rule

e Special power socket (reads power)

* First alarm on screen (GUI), then SMS to
relatives

VC&HCT R

VO Assistive Systems

96



[image: image1.jpg]






Recognition of usage time veaHcr fy

Plug-in adapter
or sensor on cable (for one device)

 Smart Meter identifies single loads

* Typical power consumption trends

16

143

1370

10

B3

B2

41}

i

d et W i S
-2|-'5-E':'13151[-'3%?3’?—1:5235':'??}17‘:3355*-31-5 ']E".\nl':-ﬁ 62 64 BE B3 TO T2 TE TE
T3 ET S MMV EMTHM2DETHEANITEI L YL J. -‘":l ‘EI 1 BY B5 BT &9 T ".i Is &
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Times for getting out of bed / to sleep
Learned behaviour

| |
| |

data count=18 from Fri, 14 May 2010 0000 GRIT to Mon, 31 May 2010 00:00:00 GMT, min=5 91, max=20.03
[ ] .

VC&HCT R

Tage im Feldtest

20 e - : M aufstehen (2153.0.105)
”..:,” Il mu Bett gehen (2130.0.103)
< Niederlegen am 21.5.

. ca. 22:30 Uhr
w 1_
N 3
n
()
o
—
o=
<
10
#
o :
- o*"i%, € Aufstehen am 21.5.
& — : * ca. 08:00 Uhr
% 3 " Ereh
© Ceans?®
= 5
)
N

I} L]

Mlay 16 hiay 19 " May22 May 23 Miay 28 hiay 31
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Zeitachse, 0-24 Uhr, Tageszeit

Comparison with hand written diary
of test person

01:00

esner (R

.
L

00:00

EE EEEEER

23:00

22:00

4

- L ]
-
augs

21:00

L4
L4
]

4

.
*

20:00

19:00

18:00

17:00

16:00

Niederlegen am 21.5.
ca. 22:30 Uhr

15:00

14:00

13:00

12:00
11:00

10:00

09:00

.

*

L

L 4

08:00 e
07:00 el

e il

hd
]
|
\J

| N IIFIIIIIIII I EE N EERpEEDN

IS e

*

&

Aufstehen am 21.5.

“_ - ca. 8:00 Uhr

06:00

*

4
-

*

®

05:00

04:00

03:00

02:00

01:00

00:00 |
12.05.10 14.05.10

16.05.10

==t [2-modif] Wann HEUTE sciafen gelegt?

18.05.10

20.05.10

22.05.10

24.05.10

=== 4] Wann heute aufgestanden?

26.05.10

28.05.10

30.05.10

01.06.10

03.06.10

Tage im Feldtest
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Differences among test persons

TP10 (hcul4) - User Diary

: A
00-00 /~ N\ e A ‘W&Y‘

00:00 T T T T T
31.07.10 05.08.10 10.08.10 15.08.10 20.08.10 25.08.10

=t [2-modif] Wann HEUTE schlafen gelegt? === 4] Wann heute aufgestanden?

30.08.10

TP7 (hcul4) - User Diary

01:00

00:00
o0 . — . . R —

22:00 ~ /N N\ AN S
21:00 N L ) N~ N/

20:00

19:00

18:00

17:.00

16:00

15:00

14:00

13:00

12:00

11:00

10:00

09:00

08:00

07:00 3 <

06:00
05:00

04:00

03:00
02:00

01:00

00:00 T T T T T
06.06.10 11.06.10 16.06.10 21.06.10 26.06.10 01.07.10

—+—[2-modif] Wann HEUTE schlafen gelegt?  —— [4] Wann heute aufgestanden?

06.07.10

VC&HCT
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Room usage on different days veancr fy

Satu rday  Su nday(cooking, visitors

101



Presence per room on some day

data connt=31 from Sat, 05 Jan 2010 22:00:00 GMT to Maow, 07 han 2010 04.00:00 GMT, min=0, max=4 39

VC&HCT R

50 M bed
W living room
kitchen
A1 bath oo
toilet
outdoor
30
20
10 / \ .
) \ \ //*\ J |
20:00 0:00 .00 &:00 12:00 la:00 20:00 :00 400

full range selected, use mouse to select zoom area

eHome data
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Learning - user behaviour

e.g. presence In some room

data count=82 from Mon, 28 Jun 20010 00:00:00 GMT to Mon, 28 Jun 2010 23:00:00 GMT, mun=0, max=5.4

VC&HCT g

Presence
Today (red)

Presence typical/

average of last days
(blue)

S
o
o
| .
00
=
2
=
o
O
c
]
(%]
)
| .
a

Il 1006.0.103
Il 4006.0.105

4006.0.107
I 4006.0.108

20:00 000 4:00 8:00 12:00 16:00 20:00

ful
time, 0-24h
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Presence in living room on 8 July

data count=77 from Thu, 08 Jul 2010 00:00:00 GMT to Thu, 08 Jul 20010 23:00:00 GMT, min=0.73, max=4 00

esner (R

4.0

3.0

1.0

0.0

Il 4006.0.103
M 4006.0.105

4006.0.107
M 4006.0.108

20:00

0-00 4:00 800 12:00
full range selected, use mouse to select zoom area

16:00

20:00
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Presence in living room on 9 July veascr [y

data count=46 from Fri, 09 Jul 2010 00:00:00 GMT to Fra, 09 Jul 2010 23:00:00 GMT, min=0.62, max=4.83

B 4006.0.103
B 4006.0.105
4006.0.107
4.0 B 4006.0.108
3.0
2.0
1.0 /
0.0

20:00 0-00 4-00 8:00 12:00 16:00 20:00
full range selected, use mouse to select zoom area
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Learning user behaviour veaHcr fy

Self organising Kohonen nets:
unsupervised competitive learning
Instead of backpropagation, gradient
Descent method, without supplying
a correct, external output pattern.
The neural net “finds” categories from
similarity of the fed input patterns.
Example in image: signals of several PIRs in a hallway
Problem: meaning of each category

Microsoft Infer.NET: model based learning as Open
source, creates automatically a learning algorithm

VO Assistive Systems
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Visualisation of user behaviour

Visual interpretation helpful for many sensors
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Assistive Systeme

Concepts, future and pitfalls

VC&HCT R
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Upcoming: from emergency veancr
recognition to ,assisted living at home*

&

Relatives

Supply services

Clients

Quality

assurance

VO Assistive Systems
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Structure of future domestic alarm

systems

Reminder functions, )
orientation assistance, Assistance gnd
safety functions, safety functions

Inactivity,
desorientation, Situation
sleeping disorders, < recognition
Aktivities of daily .
living, E Actlv!ty
recognition
Intelligent house
environment
Building automatisation, u.,
networked appliances, = g
vital data sensors, ‘

>

Alarms

Information

Documentation

Hochschule Furtwangen Prof. Dr. Christophe Kunze

VC&HCT g

Relatives/
provider

Relatives/
provider

Care docu/
diary

110

VO Assistive Systems



Perspective: safety solutions vesncr [y

* |Inthe coming years manyfold new domestic
safety solutions+services can be expected
 These will allow more precise and individual
situation recognition

* |Inthe mid-term they will replace the classic
senior alarms

 Additional to emergency alarming and
assistance these will also support automatic
documentation and assessment

e Systems will get more complex and
networked
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Sensors, trade-off

Desire: much data, high resolution
-> many sensors

-> high redundancy

-> big amount of data

-> much energy

-> high costs

Reality: minimal/sparse data

-> low resolution (spatially, temporal)
-> Data economy

-> incomplete overview of situation

VC&HCT g
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Sensors, localisation problems veswer 4

Example: movement sensors (PIR)

- Widespread, cheap

- Range, field of view

- Errors cause by light fluctuations

- Signal only for first detected movement

- Afterwards dead time, reasons:
- Main application in building automation e.g.
switching on lights, which gets off automatically
after 15 minutes — deadtime 5 min OK
- Power saving for RF devices, especially with
Energy Harvesting

Future: camera based sensors with built-in processing
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Sensors, localisation problems veswer 4

Consequences:

Room change by user can be missed, if there is no
detection in new room -> wrong assumptions.
Especially problematic: user walks from room A to
room B and shortly after back during deadtime of
PIRs.

Occluded areas, with sunlight possibly no
reaction, strong light sources with fluctuating
occlusion cause wrong detections

VO Assistive Systems
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Sensors, power problems vesHer [y

Mains supply needs power sockets, messy cabling.
Reliability at power loss?

Battery supply needs regular change, timely
warnings resp. status monitoring

Energy Harvesting is an interesting option for
simple sensors, but also needs monitoring e.g. by
“heartbeats” (Solar cells collect less during
wintertime or with curtains closed for longer
period)

VO Assistive Systems
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Sensors, data safety veswer 4

Data on user behaviour are sensitive data and

must not become publicly accessible.

* As first step only necessary data should be
collected

* These data should be kept local and
processed locally as much as possible (also
locally no “broadcast” if possible)

 Transmission to outside house has to be
protected and authentificated

 The user should always remain in control of
the data and must be informed
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Sensors, conclusions VC&“CTR

Plausibility of data should be verified, if
possible redundancy of sensors should be
achieved

The availability status of the system has to be
monitored by heartbeats, the user must be
notified, and according technical alarms have
to be implemented

Detection and alarms should follow clear rules
even under error situations

VO Assistive Systems
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Assistive Systems: vc&HCTR
Applications in AAL area

Important:

 Simple installation and removal as well as
adaption to changing needs without
expensive/complex installation works

* Inclusion of already existing (automation-)
technology and upcoming technology (Smart
Meter)

* Preferably local processing/evaluation

* Secured connections to outside home

* Possibility to rent instead of purchase

* Integration with documentation systems

VO Assistive Systems
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Summary on sensors vesncr [y

Solutions to increase safety

High demand from carers and users
Building block for ,Ambulant instead of stationary”

Classic Senior alarms are conditionally accepted
New approaches for , passive” alarming and
situation detection

No established/standardised solutions

Intermediate solution:
Add-ons to classic Senior alarms

VO Assistive Systems
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Sensors — Assistive Systems

Outlook, next parts:

e V. Ethics, Law and Economics
* VI. Requirements Analyse and Evaluation

VC&HCT g
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Assistive Systems - Abbreviations

AAL
Aml
AS
ASR
AT
GUI
HCI
IKT
ICT
loT
IR
MMI
OS
PSTN
TTS
Ul
UPnP
VolP

Active and Assisted Living (Ambient Assisted Living)
Ambient Intelligence

Assistive System

Automatic Speech Recognition / Spracheingabe
Assistive Technologie

Graphical User Interface

Human Computer Interaction

Informations- und Kommunikationstechnik
Information and communication technology
Internet of Things

Infrared

Man machine interface / Mensch Maschine Interface
Operating System / Betriebssystem

Public Switched Telefon Network (traditionelles Fernsprechnetz)
Text to Speech / Sprachausgabe

User Interface / Benutzerschnittstelle

Universal Plug and Play

Voice over Internet Protocol
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