; A\ /
| , SESAME

Vikash Kumar, Anna Fensel, Slobodanka Tomic,
Rene Mayrhofer, Tassilo Pellegrini

UCSE 2010, 26.9.2010, Copenhagen

User Created Machine-readable Policies
for Energy Efficiency in Smart Homes

—NM

DBERGIETERABCH

“ftw G oo  ENPIAT  Jemmew COMIT

sehas] - consulieg - prejects  everts - media




SESAME - Project overview
SESAME

SESAME stands for Semantic SmArt Meterina: Enablers for Energy
Efficiency v
- not a kind of a seed or a plant
- not an RDF repository
- not ,Sesame Street” show

- Project goal: to facilitate home owners and building managers in
saving energy within their environments and in optimizing their energy
costs, while actively controlling and maintaining their preferred quality of
living.

- Funding line: FFG COIN; Total budget: ca. 810K Euro
- Project duration: September 2009 — November 2010
- Web: http://sesame.ftw.at
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http://sesame.ftw.at/

SESAME — Project goals
SESAME

« Balancing requirements of energy end-users and providers
(producers, suppliers)

 End-users are supported by:

« Data acquisition in the home and integration of provider-
managed metering data

 Semantic reasoning based on sensor data
« Control of home utilities based on semantic rules
* Providers are supported by:

« Aggregated data of energy usage from smart homes for
better usage predictions

« Some level of control over energy usage in homes to
smoothen peak usage
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System overview

SESAME

i

Advanced Metering
Infrastructure (AMI)

Home appliances,
sensors, actuators

GSM/3G/
Internet/
PSTN/PLC

b

Energy-information Fnergy-optimization
services services

Concentrator

Power tra ‘ing
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Technical components
SESAME
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Multi-Criteria Decision Making in SESAME

h-ii:'(:' H'reeﬂpl.'y
in ignore Policy
house at 10:30 am until
5:00pm
A
Can the heating be e -
lowered (is it on?) /qﬁrerrnﬁtmmuse?
Is the house empty? no -
Can heating change be |-
yes - isolated to rooms in use | ™
(<=500) MCDM module Weighting
| Does MCMD module | /l\
; amentstion” Day/date information Ambient temperature Policy history
Max=250 Max=250 Max=500
I
- Workday L Below 12°C =500 *((A- (B-C) /A)
=0 =0 Where (given same day and
|| School holiday | 12*c-o17*C :m p—
=125 =125 A= the number of times the
policy run has been started
| | Weekend | [ Abovel7’C || Bohe number of times
=250 =250 human intervenion has

deactivated the policy while
running.

C=the number of tmes
human intervention has re-
activated the policy after it
was halted.
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System rules vs. User rules
SESAME

« System rules pre-configured or set up during installation of
the home network, typically by experts or power users, e.g.:

 Tariff dependent
« Device dependent (permanent vs. standby/ad-hoc)
« Environmental thresholds (e.g. based on temperature)

« User rules reflect personal preferences and may be
determined by questionnaires/wizards, e.g.:

 Usual behaviour/routines
e Desired environment
 Pricing/tariff preferences
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Device model

hasLocation
inConfiguration

isSwitchedOn
hasldentity
isToBeSwitchedOn
isToBeSwitchedOff
switchON
switchOFF

hasTimeoutSet

hasSwitchOffTime

hasSwitchOnTime

<
Configuration <

boolean

string

boolean

boolean

boolean

boolean

double

dateTime

dateTime

SESAME
Configured
Configured
< Status
< Configured
inferred, when true is written in the KB the
—

Energy Policy waiting on this change will be
used to make further reasoning on whether to
switch the device ON or OFF

inferred, when true is written in the KB the
device driver waiting on this change should
switch the device ON or OFF

Inferred through reasoning on activity
and rules ; if set the device driver waiting on
change should postpone action by timeout

Inferred through reasoning on activity
and rules ; if set the device driver waiting on
change should perform action at exactly this '
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Device subclasses

Appliance

applianceInConfiguration

canBeStarted

consumesPerHour

hasPeekPower

UIDevicelnConfiguration

hasMessage

sensorInConfiguration

hasReading

detectsPresenceOfResident

hasldentitySet

Configuration

boolean

double

double

Configuration

string

Preference <

double

Resident

string <

SESAME

< Configured

< Dynamic status parameter
read from the device

< : : :
7 Device configuration parameters
&

<

Configured

< Inferred

Configured by the definition of Activity

Dynamically updated from the process
that is reading sensor values. This update
triggers reasoning.

inferred
Dynamically updated from the process reading

sensor values. This update triggers reasoning.
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Resident

hasHome < Configured
hasPresenceDetectedBy < Inferred
hasProfile < Configured
hasTarif </
hasAccount L
hasLocation < Inferred
hasIdentity string < Conﬁgured

SESAME
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Location

containedInLocation

containsLocation

isOccupiedBy

hasHumidity

hasIllumination
hasTemperature
isOccupied

hasldentity

double

double

double

boolean

string

SESAME

Configured
Configured

Inferred

Inferred

Inferred

Inferred

Inferred

Configured
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SESAME demonstrator

Household
Simulation Map:
This map simulates
default appliances in
a household

SESAME

Light Sensor:
Measures the brightness
in the room

Gibraltar Gateway &
Concentrator:
Contains firewall,
storage, ontology
repository and rules
engine

Smart Plugs:
Handles external devices
and sensors

Conventional Smart
Meter:

Provides base
functionality for metering

Universal Control Box:

Handles all data input

3G Modem




SESAME demonstrator
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User interface: Kitchen
Bl n1an Monitor 0] = SESAME

Temperature
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User interface: Bathroom o~
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Quesionnaire experiment and results
SESAME
 Non-representative sample (2 male, 2 female, single
households) used to determine personal routines and
devices/appliances in use

 Combination of pre-configured system rules and user rules
based on questionnaire answers

« Simulation of power consumption promises reduction of
up to 22% in electricity usage



Insights concerning big picture
SESAME

« Balancing supplier and consumer needs is hard

 International energy trading market is complex

« Therefore, cost and energy consumption often do not
correllate

 Hard to find incentives for end-users

e Smart metering is technically solved, but subject to policy
decisions

* Legal regulations (who owns the equipment, who owns
the data)

* Privacy concerns
« Mass rollout is expensive (so far, only pilot projects)
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Insights concerning autonomous system
SESAME

« Many data sources freely available

 International energy pricing with future estimates
« Weather forecast, major events, etc.
e |[ntegration is key

« SESAME approaches this with semantic reasoning

« But: modelling the world is hard (we know that from
context awareness...)

« Getting suppliers and device manufacturers to agree on
an ontology is even harder

« Always respect the user — any local decisions must
override rules
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SESAME

Thank you for your attention!
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