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Abstract

More and more functionally complex digital consumaevices are becoming
embedded or scattered throughout the home, netdarka piecemeal fashion and
supporting more ubiquitous device services. Fonmgua, activities such as watching
a home video may require video to be streamed tjinaut the home and for multiple
devices to be orchestrated and coordinated, invglwultiple user interactions via

multiple remote controls.

The main aim of this project is to research andettgy a service-oriented multi-
device framework to support user activities in tileme, easing the operation and
management of multi-device services though reduekplicit user interaction. To do
this, user contexts i.e., when and where a usavitgctakes place, and device

orchestration using pre-defined rules, are beingped.

A service-oriented device framework has been desigm four phases. First, a simple
framework is designed to utilise OSGi and UPnP fionality in order to orchestrate
simple device operation involving device discoveaygd device interoperability.
Second, the framework is enhanced by adding a dignaser interface portal to
access virtual orchestrated services generatedighrecombining multiple devices.
Third the framework supports context-based deviteraction and context-based task
initiation. Context-aware functionality combineddamation received from several
sources such as from sensors that can sense teegdhgnd user environment, from
user-device interaction and from user contextsvddrifrom calendars. Finally, the
framework supports a smart home SOA lifecycle usgimg-defined rules, a rule

engine and workflows.
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1 Introduction

1.1 Motivation

The vision of ubiquitous computing, UbiCom [1] tiet we will become immersed in
a digital world that will enable us to transpargrdlccess services to support user-
centred activities based upon our current contet rreeds. For example, when we
are travelling, we will have access to relevant snapd route information centred
about our current location context. When we ara woice call and need to arrange an
appointment, a shared calendar will pop up, deteeththrough detection of our time
context and intended task context. The term, a®ai the term, context is multi-
dimensional [2]. There are multiple types of comtekich affect user activities such
as physical world context (e.g., location, time, atter etc), human context
(individual versus social identity, competency ajuhls) and distributed computing
(ICT) context. A context can be sensed, presemessérs, automatically adapted and
can be used to control environments. A contextaféectt both pre-planned executing
tasks or act as spontaneous conditions to triggelanned tasks (situated actions and

tasks).

Much progress has been made in making device otteramore adaptable and more
natural in order to support Weiser’s vision of redccomputing [1]. For example, the
use of touch screens enables fingers to be usegu@sdevices rather than using more
obtrusive input devices such as computer pointiagiags and keyboards. Touch
screens support two dimensional gestures as a nteasignge selections. Devices
such as mobile devices are also increasingly iraratng accelerometer, gyroscope,
etc., sensors to define the orientation of the aewnd to support 3D gestures of
hands. For example, changing the orientation ofithace can be used to change the
orientation of the content being displayed. Therporation of accelerometers which
can sense gestures in 3D gives additional mearsupport 3D haptic input into

systems.

The range of activities in an ICT home includesidewand service access throughout
the home, dynamic installation and termination avides, sensors or home

appliances, maintenance and upgrading of interbperappliances and support for

13
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various users and types of activities such as tmenent, leisure, work and social
interaction. The number of computing devices thabpte use to support their
personal and work activities in their homes is gngw The increasing number of
possible combinations of connected ICT home appdanand devices, the fault
identification, the diversity of house environmeaisd the partial understanding of
events and activities by different users impliesaor increase in complexity when

operating and managing ICT based home services.

This project will explore how to support and manageider variety of (sensor based
and controller) devices situated more in the phatsenvironment, devices that are
physical context aware and that can promote thervisf UbiCom. Two main types

of systems will be researched and developed. Farshanaged remotely accessible
system portal or hub enables multiple physical ckevithat are situated in specific
physical, human and ICT contexts, to interoperatd & be orchestrated, and
choreographédat a peer-to-peer level, in an open service enmient (Sections: 4.4,

4.5 and 4.7). Second, more flexible, programmablegl sensor and devices such as
the Sun SPOT (Sun Small Programmable Object Teobgpl[3] sensor platform

(Section 4.6) is used to sense the physical waoldjetermine human environment
(user’s) contexts, to assess how these affect pthrtasks and how they trigger

spontaneous tasks.

1.2 Research Objectives

The research objectives are:

1. Investigate more flexible operation and manageménbiquitous computing
applications which span multiple devices. Of paific interest are techniques
for orchestrating and choreographing the interactté multiple distributed
devices using SOA (Service Orientated Architecfyressed on the OSGi

standard specifications.

2. Examine techniques for applying interaction modéist will enable more

user-centred and intrinsic service interaction.p@fticular interest here is to

! Orchestration refers to use of centralised corufdalistributed devices whereas choreography refers

to more distributed control of devices.

14
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study the use of both planned user activity modats context-driven situated

action models.

3. Examine, propose and implement techniques for sgngirocessing and
storing user contextual data. Of particular inteae techniques to identify
and locate the user inside the home premises ardable scalable gesture-

based device control.

The combined goal is then to enable planned usks t® be executed across multiple
devices situated in the physical world and humanired environments and to
consider how these planned tasks are affected désifspenvironment contexts and

how favourable contexts could spontaneously trigager schedule new tasks.

1.3 Report Outline

The remainder of this report is structured as WdloChapter 2 characterises the
main properties of advanced device interactionlireag some applications and
then discusses the design issues in a more gelemskpplication specific way.
Chapter 3 surveys the work of other researchermsgatwo main themes: how
planned users’ activities which span multiple desican be supported and how
unplanned, situated action driven activities whean disrupt active planned
activities can be supported. Chapter 4 describesesoreliminary prototypes
undertaken to support planned activities (unplanaettvities are discussed in
further work). Chapter 5 discusses the use of taenéwork, achievements

during the research project period and specifigstailed plan for further work.

15
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2 Problem Analysis: Advanced Device Interaction for
Future Home Environments

The problem domain focus is on home environmentgha future, in which a
profusion of different digital information and tadkvices are both embedded into the
physical environment (smart environments) in order enhance and automate
everyday activities, e.g., automatic doors andtingh Devices can act as tags,
sensors, and controllers and can support applicaspecific tasks using an
Application Specific Operating System (ASOS) angpsrt multiple tasks using a
MultiTask Operating System (MTOS). Smart mobile ides can accompany the
users such as phones, remote controls, camerasandcreasingly sense and control
digital devices and physical objects in this enwvme&nt. This environment is referred
to synonymously as a smart environment, smart hommme environments which

provides the living space for daily activities.

The interaction between humans, devices and thsigalyworld is the result of a
number of various activities and tasks. In thisegsh projecain activity is defined
as an action that is performed by a human and mayag not have a purposg.task
may be the result of a number of activities andnsaction with a purpose. For
example when a person has the task to have diheéshe performs a number of

activities such as cook food, make table and tuenights on.
Thecontext for interaction and can be divided into three dimsta

e The human context.It is the context domain that holds informatiorabthe
user such as his location in the house premisesiifetation and personal

preferences.

e The physical world context. This context domain holds the information of
the physical context: outside temperature, insaeperature, local time and

local weather are some examples of the physicdaegbdomain.

e The system context.System context is the information extracted frdm t
home devices, this information includes: deviceimpt device operations,

capabilities, configuration, etc.

Context-driven applications exist today but thewdteto use a simple inbuilt

predefined rule model to perform a task based encilrrent context. A lighting

16
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system with light sensors may be used to turn edigfints of a room at night and turn
them off during the day. Another example of a senpbntext-driven application is

the thermostat-based heating system that regutaesentral heating of a house.

Complex context-driven situated action models afeueénced by people’s actions
(human context), the physical environment (physie@irld context) and device

operations (system context).

Advanced device interaction within this researcbjgmnt refers to device interaction

which has these properties:
e Planned user activities that may span multiple ki

e Devices are distributed and interact at a P2P leatber than being operated

via a centralised controller.

e Use of devices by human users can often be affebidunplanned
spontaneous situated actions by human users whaidemlanned activities to

be altered in some way, e.g., by being suspende&degsnmed.

e Users’ mental models of understanding the comptedfitmultiple interacting
devices may differ from the actual operating systaodel of these devices:
they may need to be relate multiple levels of ty&tesn at different levels of

abstraction.

2.1 Use Scenarios

The following table (Table 2-1) summarises somengla scenarios of next

generation device interaction.

17
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Future Home | Example

Interaction Scenarios

Orchestrate serviceOrchestrate AV content delivery, sound and lighting
interaction which spanspossibly from one console or service portal
multiple deviceg

(scenario 1)

User Device Portal Orchestrate AV content delivery and combining the
interaction (scenario 2) | various device interfaces into one, creating ausirt
service that a user can interact with.

Context-aware  deviceSituated, task specific, control devices can | be
control dynamically configured and regulated with respexct t
(scenario 3) user context. Detect user actions and gestures| and
control devices based on where the user is locanel
where he gestures to.

Policy-based deviceDevice interaction and interoperability based oe-pr
Management (scenariadefined policies and events generated from de\aces
4) sensors, e.g., someone enters the living room, tsompo

sensor is triggered by this event and a policyrucss
the light service to turn on the light of the liginoom.

)

User goal-based planneiWorkflows and rules drive the lifecycle of a semrui
interaction using rulesinstallation, operation and maintenance, unindtatha

and workflows (scenarip
5)

Table 2-1: Future Home Scenarios

Although these scenarios seem deceptively simple,challenge for future home
environments is that they will require substanéidivances in existing ICT system
research and design in order to support them. dfraienge and the advances needed

are described below.

2.1.1 Basic Device Infrastructure

In a typical home entertainment system a varietyl@fices exist such as a radio,
music player with radio, video player (e.g., DVD)recorder, one or two audio-video
amplifiers, a television, sound speakers and maylighting diming system. Each of

these devices may have its own control device haduser needs to control each of
these devices separately even if he has only oale(g@. to watch a movie). Some of
his actions may include: turn the radio off, tune radio amplifier off, turn the DVD

player on, turn the DVD 5.1 audio amplifier on,rtuhe television on, adjust volume

and decrease the light intensity. Furthermoregtiad “change the volume” requires a

18
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user to interact with at least three devices: DMByer, television and a surround

sound system. As each of them has its own volum&ao

In a more user-centred scenario, the devices tternsh each other allowing the user
to give a single instruction about his goal (eugntthe volume down) using a single

action even if this goal needs more than one devioperate to reach this goal.

2.1.2 User Device Portal Interaction

A home may include over a hundred electronic deviaed use a basic or more
sophisticated operating system and a screen. Migice interaction raises the
problem of having multiple user interfaces for gseteract with.

A device portal in this scenario allows the devitesnteract and allows the user to
combine multiple device interfaces into one maireriace that controls the
interoperable devices. The picture and volumerggttirom the television, the DVD
player and the surround system are combined frogetinterfaces into one and the
user controls it using a single controller (e.g.M% remote control). The user in this
scenario interacts with a virtual service thahis tesult of various services offered by

different devices.

2.1.3 Context-aware Device Interaction

The next scenario expands the previous scenarenbiling a control device (e.g. a
sensor-based, e.g., Sun SPOT or Nindendo Wii, Glberfy to point at spaces in the
physical world and to get information and to intér&ith home services by pointing

at physical objects.

Home users may interact with a mobile device tlkt as a universal controller. This
device has various sensors and run modules tttvsakervices to query the user’s
location, position and hand movement (simple gesiuin the home. In this scenario
a user points the universal controller towardswiredow (physical object) and then
points it towards the television screen (devicd)e Two objects are identified and a
planner works to reach the user goal “show me tbatlher forecast on the screen”.
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4 N

OSGi

Device
ﬁ Domain

Device
Orchestratc

kDevice Portal /
1T

Task Recognitio

1T

Sensors
Context Extraction

Jser <j—i>
Domain

Figure 2-1: Interaction between the three context dmains (Device, Physical world and User) —

Physical
World

Context Aware device Interaction

In Figure 2-1 the interaction in three context doreas presented in a more generic
view. Activities between a User Domain and a PhgisiWworld domain are captured
and extracted by sensors (scenario example: usetspwith the controller towards
the window). A Task Recognition process identities user goal (scenario example:
watch the weather forecast) and sends this to ¢évee orchestrator located in the
device portal. The device orchestrator then createswthod to achieve the user goal
and feeds this plan to the OSGi framework. Finalhe OSGi framework sends
control messages to devices following the planiveceby the orchestrator.
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2.1.4 Policy-based Device Management
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Figure 2-2: Various home services and networks cortlled by a rule engine

A set of pre-defined policies may be used to camégand control one or more
services in the home. Policies are rules that §pednat action can be performed
when one or more conditions are satisfied. Thepestyof systems use an Event
Condition Action (ECA) or event driven architectuagd consist of three parts: the

event, the condition and the action part.

The eventpart specifies the signal that triggers the intiocaof a specific rule. The
condition part is a logical test that if satisfied or evadsato be true, it causes the
action to be carried out. Finally, tlaetion part consists of invocations on the local
service or data. The next scenario demonstrateSGéh architecture running in a

home domain.

A house is equipped with motion sensors in eacdmrand door sensors. A “low-
energy consumption” policy would make each of tleng’s lights to be turned on
only when a person is situated inside the roomy ahkpecific times and when there
is no sunlight and the room is dark. In that case\gent driven policy manager takes
context data (e.g. sensors’ data, time) (even{®)lies its rules (conditions), and

controls the services through the home’s gatewetyofg). An example of a rule that
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instructs the lights of a room to turn on each tsoeneone enters the room can be

considered as:

| F SENSOR DOCR 1.isTriggered()==true and TI ME. now( ) >17: 00 and
TI ME. now( ) <07: 00

THEN LI GHTS_ROOM 1. set On()

Figure 2-3 shows the ECA architecture for the abeeenario and its main

components.

Condition Policies
(XML)

2 |

- -=-=-=-= -1

1 1 Action Services/

1 = Sensors 1 it
Tt | |

: | e’

1 1

1 1

Figure 2-3: User to service interaction using everdriven actions (policy manager)

Context information (sensors, time, and locatioiggers the event process. An event
process feeds the contextual data into the comdipoocess that searches for
conditions (policies, rules) in a rules databaséeWa suitable policy that meets the
specified condition is found, the action part igdered. The action process sends
control messages to devices and services basdw@olicy that triggered it and also

may trigger a new event and so on.

2.1.5 User Goal-based Planner Interaction Using Rul es and

Workflows

The device and service life-cycle in a home envirent includes four phases:
installation: where someone configures the dewceperation in the home network;

operation: the operation of the devices from itersis maintenance: the re-
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configuration and updating of the device and fialininstallation: the removal of the

device from the home network.

The above four phases may seem complicated to eewfhout technical and
electronics skills and experience. These can beaomeh more complicated when

more networked and interoperable devices are ledtal a house.

To solve this problem this scenario uses a platimar plans the above four phases
(installation, operation, maintenance and uniretiaih) of each device based on what
the user wants to do (the user goal). A servicekidaw begins the process from
phase one when a new device is introduced intdn¢imee environment and is driven
by pre-defined rules and user events to configheetew device and any related

home devices (on demand).

For example, consider the multimedia installatiesatibed in the previous scenarios.
When a new video player (e.g. an internet enablee @y player) is turned on for the
first time in the home, the planner triggers atfiphase’'s workflow where the
configuration of the player takes place. Pre-defineles and UPnP messages
configure the player. When extra configurationadstare needed they are requested
from the user in easy to understand queries (&gowis on the television screen).
After the configuration phase is complete the p&artriggers the next two workflows:
operation and maintenance workflows to work in pelaOperation workflow puts a
device in stand-by mode until an event is receivenh a user or from another device.
Maintenance workflow is on stand-by as well untiingss-configuration or a device
malfunction event is received. Pre-defined rulethase workflows decide the actions

that the device should take.

2.2 Device and Service Use

Services in a home may be divided and distributedss high-resources devices and
low-resources devices. A clarification of the vasdeatures of the home devices that

are considered in this project is listed on thet taxle (Table 2-2).
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Device Feature Characteristics
Simple/ ComplexX Device provides services that are simple or complex
service access initiate and operate.
Mobility The device is situated inside the premises is static (e.g.

desktop computer, TV set) or it is a mobile devieqy.
PDA, laptop, wireless camera)

Open Access The device can execute both local gseseand remote

processes

Shared resources andhe device has the ability to share a service witlitiple

services devices.

Networked The device has a network connection thighiICT home.

Local resource How powerful the device is in terms of CPU speed,
capabilities memory, network connection and storage.

Context-aware The device can be aware of the durentext. Context;

aware devices fall in three sub-categories (se&idn
ICT context-aware devices
Physical context-aware devices

User context-aware devices

Table 2-2: Features of ICT home devices and theitharacteristics

Home devices typically embody services in fixedtsys to support task-specific
functions and they have limited ICT resources. Hmveeven these fixed system
devices can be part of a distributed home netwittkely at least support networking

and sharing their resources.

In a Service-Oriented Architecture (SOA), a senigerganised and utilised by a
number of distributed components providing requiceghabilities. Thus, even the
lower-resources devices can be used in an SOAeosua service as long as there is

a way to interoperate and share their capabilities.

In a SOA, distributed applications are built by lestrating or choreographing
reusable services using high-level workflows oribess processes. The complexity
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of developing and maintaining these processes dseaded by SOA development

cycles that identify the roles of participants atle stage.

2.2.1 Device Service Lifecycle

SOAs can facilitate the practical development ofj¢ascale systems. Some of the s
limitations of SOAs are based on the use of a abs¢d design of their core services
that is more sensitive to errors and provides glsipoint of failure. For example, if
the component that is responsible for service disgo(service discovery component)
goes offline in the SOA network, then the discoveeyvice will remain unavailable

until that component goes online again.

The life-cycle includes four phases: tl@&reation Execution Maintenance and
Dissolution of the service. Each of these phases containsmbeof actions that
need to be taken in order for the phase to be ceteghl For example to successfully
complete the Creation phase a service must havéanmstns to propose, discover
and select other services and to successfully eraatinitial plan or workflow that

will enable the proposed and selected servicastévact.

A typical service interaction life-cycle is sumnsad in Figure 2-4. Each life-cycles
phase includes a number of actions (e.g. 1.1 SeRioposal, 1.2 Service Discovery,
etc.) that is either part of a CCI or CHI interaat{CCI actions are highlighted).

4. DISSOLUTION
D ®-+@
4 4.1 Close Contract

) | 2.1 Joint Action; execule & 4.2 Remove advertisements
1; SSerI(_: PDr_oposa orchestrated Wk that ! of service descriptions
«£. SEIVICE DISCOVETY 2 jhares to contfact
1.3 Service Selection o ! I
(policies) v

1.4 Plan (WF), contract

Formation 3.1 Update Plans

3.2 Service Update
. . 3.3 Service Management

Figure 2-4: Service Oriented Architecture model (CCactions are highlighted)
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2.3 Types of Interaction between Users, Devices and the
Physical World

Smart DEI Model

Smart Smart Smart
Devices Environments interaction

z PTAVAY 74

Intelligent
System

/\

Multi-Agent

Service

| ICOIILI'DHC‘r

P Cooperative

|C0n'| petitive |

Single Agent

[MEMS | [NanoTech |

Figure 2-5: Smart subsystems and components [2]

Home services act in open system environments. Hamagonments are considered
as smart environments as they are dynamic and exmnibley are uncertain and non-
deterministic, are partially viewed or sensed lgy/ghrvices, are sequential and consist
of other intelligent components and services. Atesyss smart and context-aware
environment can be categorised in three domaindeasribed in the next section
(section 2.4): the physical environment (physicarld environment), the device

operations (system environment) and the peopleisresc(human environment).

Based on the above three environment domains #rerve types of interaction in a
home environment: interaction between humans,antem between a human and the
physical world, interaction between a human and dodevices and services,
interaction between home devices and finally irdéoa between the physical world
and home devices. Table 2-3 lists these interactrmdels. Human to human
interaction (HHI) models are not the focus of thesearch project and will not be

described any more in this document.
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Interaction Model

Example

Human to Human (HHI)

People socialise in the hpusbkare
activities, communicate, etc.

Human to World (HWI)

People interact with physiaabjects in
the house: move chair, open door. Peq
move, change their location.

ple

Human to Device (HCI)

People interact with devicesperate
devices, configure devices, install né
devices, etc.

W

Device to Device (CCI)

Devices interact with eadhen, e.g., &
TV switches to a SCART input when
DVD player turns on.

World to Device (WCI)

Physical world triggers dessc(sensors
e.g., daylight triggers a light sensor
turn the lights off, wind speed chang
triggers a weather sensor to measure \

to
es
vind

speed, etc.

Table 2-3: Different interaction models in the homesnvironment

2.4 Device environments

Physical Enviromments
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Figure 2-6: Extended set of internal system propeits and device environments [2]

Device interaction within each of the environmentéins varies between devices

(Figure 2-6). There are devices designed to intemaly with the human environment

and react only to simple control commands that ex applies while other smarter

devices execute services in each of the environmdemains (e.g. support user
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interaction, sense the physical world and exchanfggmation with other services

simultaneously).

2.4.1 Physical Environment

The physical environment domain contains the cdnit@ormation of the physical

world. This information includes for example, the&side temperature, local time and
daylight intensity. Physical environments are ndtyfobserved by devices and the
amount and type of the physical environment contexistraint experienced depends

on the type and amount of sensors a device includes

Devices that operate in this environment domain aveare of the physical
environmental changes on behalf of the user andantgmatically adjust the system
to the context without the user being aware ofDiesign issues in these devices
include people’s privacy (e.g. if the device maygwace the identification and position
of a user), how and what amount of physical envirent information is acquired,
where the acquired context is being stored and wadwatiext information and to whom
it is distributed to.

2.4.2 ICT Environment

The system (ICT) environment domain contains t@mation that is extracted from
the devices and services registered in the homeonlet(also called distributed
computer network domain). This information may ud#: device configuration data,

device capabilities, service outputs (e.g. videonsl) and sensor data exchange.

The variety of home devices makes the ICT envirartnmeore complex: it can be

non-deterministic as devices can enter and leageettvironment and it is partly

observable. Design issues in devices interactirty Wie ICT environment include:

how the messages are exchanged between devicegphaapt to system changes
and re-configurations, and how to identify and adasystem failures.

This environment domain also depends on the physicaronment domain, as some

factors of the physical environment can affect 6& environment. For example,
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really bad weather may affect the satellite videosadcasting received by a set-top

box.

2.4.3 Human Environment

The human environment domain holds the user cont&drmation. Examples
include: user identification, user activities, useteraction with a service and user
personal preferences (user profiles). Humans ictersith both the physical
environment (they open the windows in a sunny dagyl the system (ICT)
environment (they turn on the lights when it's darkhey can provide personalised
information to the system environment to make yste3n adapt to their needs. They
may use the home services while they are away fiome. Some design issues in
this environment domain include: Where and how thenan preferences are
modelled and stored, which devices and what amouhtiman information a device
can extract and what methods and sensors can Heasxtract human information

such as location and identification.
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3 Literature Survey

Present day home environments include a range gifatiand analogue devices
ranging from light switches to desktop computergijtal satellite set-top boxes and
various types of handheld mobile devices. Moreovarjous input/output wireless
devices exist such as remote controls, wirelesefieyboards, displays, printers,
projectors and accessories such as storage medigaaious types of cables. This
increased number of analogue and digital devicesarhome and the variety of their

accessories generate a number of open questitexs iilsTable 3-1.

Open question Example

How devices can be utilized |nA device offering service A to be combined with
different combinations and toa device offering service B to produce a new
what extent? service C.

How to enable users to operatd user does not want to receive telephone ¢alls
home services based on thefrom work while at home between 6:00pm |to
habits, behaviours and (pasty:00pm
experiences

How to acquire contextTypes of sensors to installed in the house.
information from a homeLocation of where these sensors should| be
environment or user installed. Filtering of data acquired from sensors.

How to generate user goals byser enters home
observing their daily in-homgUser sits down
activities, events and experiengddser relaxes
within a home environment (andJser usually takes a shower after work (past
devices) experience)

Goals:

Warm up the house

Make bathroom ready for a shower

Table 3-1: Open questions generated by the varietpf devices and accessories in home
environments.

This survey focuses on and is organised into timeen topic areas. First, general
challenges of using increasing numbers of hetemgen digital devices with a
greater ad hoc device interaction capability topsupsmart environment activities,
are discussed. Second, issues to do with how plieactévities that can span multiple
autonomous and heterogeneous devices can be seghpame considered. Third, how
unplanned situated activities, related to contecttafige) determination can be

supported, is analysed. Finally, an analysis & telated work is given.
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3.1 Visions for Pervasive Device Interaction

According to Weiser [1], work on ubiquitous commgtibegan at Xerox Palo Alto

Research Center or PARC in 1987 when Bob SpragishaRl Bruce and others

proposed developing wall-sized displays. Later989 Olivetti Research labs and the
University of Cambridge developed the first contawtare computing application: the
Active Badge system [4].

In the late 1990s, Philips proposed the Ambientlligience project as a novel
paradigm for consumer electronics that are semsito, and responsive to, the
presence of people. Prototypes of Ambient Inteflggeranged from electronics that
could recognise voice and movement to digital @gplwithin a bathroom mirror to

new “toys” that were designed to help children expéheir creativity [2]. The Aura

project at Carnegie Mellon University [5] introdgceéhe concept of a personal
information aura: an invisible part of computingdanformation services that persists
regardless of location and that spans wearablej-hali, desktop and infrastructure

computers.

Giving everyday objects the ability to connect tdada network would have a range
of benefits: making it easier for homeowners tofigume their lights and switches,
reducing the cost and complexity of building coustion, assisting with home health
care. Many alternative standards currently competelo just that - a situation
reminiscent of the early days prior to the Inteynhen computers and networks

came in multiple incompatible types.

The Internet-0 (10) project defines seven prinaptleat extend the original notion of
internetworking to inter-device internetworking J[Bfiese principles define
specifications and properties for designing and lémenting internetworking
devices. Each connected device must include a numibeasks and processes to
produce one or multiple services in order to befulder the smart space — device

services.

Several researchers have analysed the generatalesdellenges in developing next
generation device services. Whereas, Harper e{@].and Abowd and Mynatt [8]
focus on the human environment characteristics, &dsvand Grinter focus on the

system characteristics [9].
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Harper et al. [7] in a report called “Being Humatuman-Computer Interaction in
2020” reflects on how changes in smart devices ledtl to major transformations in
the nature of human computer interaction. They hiawsrated these transformations
using three cases studies: trafficking content seciobile devices; tracking versus

surveillance in families and augmented personaldrumemories.

The way that people use multiple services in theénamplies four problems [10].
First, associating a user’s activities with a marar device is problematic for multiple
device users becausgny activities span multiple devic&econddevice use varies
with respect to users and their circumstanddsers assign different roles to devices
both by choice and by constraint. For example osrsgn may use a PDA only to
receive and make phone calls while another persay take advantage of other
PDA'’s capabilities such as web browsing, e-mailwng, audio and video playback,
etc. Third, users want weparate activities acrossgork, leisure and personal devices,
but this is not easy to do in practice because dlifficult to categorise activities into
work and leisure types. A user for example may weslsee a combined work and
private calendar at work in order to better integrnaork and leisure activities and
may wish to share their work but not their leisaotivities. Finally, users employ a
variety of techniques foaccessing information across multiple deviceBhis may
also be interpreted as users requiring access ftwmation anywhere, anytime.
Activities in home use resources that span multigeces, rather than just using one
device for a particular task and they may even estjinformation from resources
located outside of the home environment. For examapWeather forecasting action
may require information from a web server on thermet. These properties and the
associated design principles are summarised ineT&al.
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Activity Property

Design Implications

Activities span multipleg
devices

Device interoperability

Device use varies b
user and circumstance

yConfigurable,

context-aware behavio

personalised system configuration

system

Separation of activitie
across devices

sContext-bounded system behaviours

Access to activities vi
multiple devices

aDevice interoperability

Table 3-2: Summary of the activity properties from[10] and the design implications

urs,

In the Classroom 2000 project [8], Abowd and Mynatpounded several design

challenges and principles for everyday computingupport more informal, daily,

activities. These are summarised in Table 3-3.

Activity Property

Design Implications

Some user activitie
rarely have a cleg
beginning or end

sProvide persistence, visibility of the current stagupport

rmultiple levels of activeness; support context-enivor
situated actions.

Interruptions are to b
expected

einteraction can be modelled as a plan that may

suspended at any time and be resumed at a laker tim
Model unplanned or context- or situated actionvelmi
actions which interrupt and resume plans.

Make users aware of uncompleted proces
inconsistencies may arise as device states maygehan

Multiple activities
operate concurrently

Support for context-shifting amongst multiple aities is
needed; support background awareness; interfacesds
support multiple levels of “intrusiveness” in cogugy
monitoring information that matches the relativgamncy
and importance of events

Activities can be filtereq
and adapted to th
contexts.

Contexts such as time are rarely represented irpatan
einterfaces and available to interlink to activiti€eneric,
e.g., time, location, and specific contexts, eagtcome of
rating of a past similar activity, need to be supgd,

be

SES,

Activities may interlink
with other activities anc

Associative knowledge-based models of informatios

a

Ineeded that support information

devices

occasions, from multiple perspectives

reuse on muITpIe

Table 3-3: Summarises the

implications

activity properties fromAbowd and Mynatt [8] and their design
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Device interoperability challenges are summarise8dwards and Grinter in [9] as

Unintelligible interaction, N Use mediating devices as universal portals, brolar
top to bottom holistic design,local controllers to simplify access or to orchatrthe
piecemeal adoption of devicesuse of multiple services

[72)

Impromptu  Interoperability, Detect and Manage situated or context-driven astion
multi-vendor devices addedJse policies to constrain the interoperability
piecemeal but fluid operation
still expected

Inference in the presence jpUse of multiple sensor sources to reduce ambiguity;
ambiguity of context Balance full system adaptation versus some user
control of

No System Administrator: Six different design models for user centred
lack of ability or interest by management have been proposed [2].
users in home ICT

Nature of user activities givenStore state of instances of processes of operation
in [7] and [8]. multiple devices;

New social norms createdSupport both individual private operation and ctbse
more open and interlinkedpublic operation
access, privacy control of
more vulnerable groups

Reliability: current appliancesDesigns based upon planning can replan to hgndle
& embedded ASOS systemsailures. Policies can be used to constrain inteyas
are more reliable & availableto prevent problems arising.

than MTOS systems

Table 3-4: Edwards and Grinter [9] device interopeability challenges

In addition to device interoperability and servicentrol through a home gateway
(OSGi), the ability to detect changes in the phaisstatus of things is also essential
for recording changes in the environment. In teigard, sensors play a pivotal role in
bridging the gap between the physical and virtuakles, and enable things to
respond to changes in their physical environmephs8rs collect data from their
environment, generating information and raising r@wass about context. For
example, sensors in an electronic jacket can dolfdormation about changes in
external temperature and the parameters of theja@n be adjusted accordingly to

insulate more or ventilate more.

Embedded intelligence in things themselves wilkribsite processing power to the
edges of the network, offering greater possibgitier data processing and increasing
the resilience of the network. This will also em@ovwhings and devices at the edges

of the network to take independent decisions.
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The Internet of Things [6] will draw on the funcatality offered by all of these
technologies to realize the vision of a fully irstetive, responsive and ubiquitous

network environment.

3.2 Device Interoperability and Device Gateways

Supporting activities that span multiple devicegaduce two problems: how the
devices are connected and how the devices tramééemation between them. Schilit
[22][23] surveys the technologies, standards arekearch into device ensemble.
Device interoperability applies to many system levwbat can be divided into four

layers:
e Link layer: to enable for example low-power, shrarge communication

e Network layer; to find the best route of informatidetween connected

devices

e Data layer: to support sharing and synchronisatbrnformation (photos,

emails, music)

e Application layer: to support applications that ispaultiple devices where
one device may act as an input of information wharether one may act as

output.

3.2.1 OSGi

Several standards and protocols have been intrddt@wemanage multiple home
devices and appliances. Traditionally, a Resider@ateway in a home network
ensures that all devices and appliances can beectath to the Internet, while
possibly sharing a single address in the InternmetoBol address space. But a
Residential Gateway can be used for more tharrgusing and address translation: it
can be used as a service execution platform, empkkrvice providers to manage
their services dynamically within the home netwdtlcan also be used to provide IP

based services to non-IP devices such as |IEEE éB88dled consumer electronics.

An open standards organisation, the Open Serviegeway initiative or the OSGi

Alliance is an innovative system that has been @sed to enable device inter-
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connection and control in ICT home networks. OSggicifies a Java service platform
framework that defines an application life cycledaband a service registry [24].
This framework defines a number of OSGi serviceduniing: configuration and
preferences management, logging, http servicesPUplorer, application tracking,
power and device management, ubiquitous securldy,Clonnector Service and
diagnostic services of the connected devices. Coemis and applications in the
OSGi framework can be installed, uninstalled, stirstopped and updated remotely
without requiring reboot. New services and devicemponents are detected

automatically by the OSGi service platform.

4
Bundle 1 Bundle 2 % ‘ Bundle n

'1 System Services

Platform

J OSGi Framework
C/C++ N

e.g. J2ME, J2SE, J2EE

Java Runtime Environment

e.g. Windows, Linux, VxWorks, QNX

Operating System

Drivers

Server

Hardware

Figure 3-1: The OSGi layer specification

The following table lists a set of principles toidg the development of the OSGi

specifications and frameworks [16].
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OSGi Principle

Description

Platform Independence

The OSGi software environncant be implemented g
many platforms, with widely varying capabilities

Application OSGi provides a horizontal platform that is apfieain

Independence any computing environment where the capabilitieshef
software environment are useful

Multiple Service| OSGi environments are capable of hosting mulf

Support applications from different service providers orsiagle

service platform

ple

Service  Collaboratior
Support

1 The OSGi environment allows services to be depldlgat
provide functionality to other services. Applicatg can
dynamically discover these services and adapt
behaviour to the configuration of the environmend
other services that are present

their
A

Security An OSGi environment can concurrently suppoany
services from different service providers. Secupiyween|
these services is of paramount importance

Multiple Network| OSGi cannot mandate particular choices of netwarkita

Technology Support is network agnostic, as far as is reasonably malcti

Simplicity The OSGi environment offers a serviceviemnment

where the complexity of managing the sery
environment can be placed into the hands of prfeats
in the form of the gateway operator. This does
however, preclude individuals from configuring thewn
gateway as appropriate.

ice

not,

Table 3-5 OSGi specification design principles

3.2.2 Web Services (WS)

Web Services are Application Programming Interfa@eBIs) that are accessed via

the Hypertext Transfer Protocol (HTTP). W3C [34fides web services as software

systems designed to support interoperable machineachine interaction over a

network. A web service has an interface descrilbed machine-processable format

called Web Services Description Language (WSDL).[88SDL is used to describe

services in terms of actions, input data, output dend service processes. Other

systems interact with the web service using thep&nObject Access Protocol
(SOAP) [36] which is a lightweight XML-based tramspindependent protocol for

exchanging structured information between peessdristributed environment.
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Figure 3-2: Message exchange in Web Service architare

3.2.3 UPnP

The Universal Plug and Play protocol (UPnP) is heotpromising technology to
allow device control in home networks. It is basedthe SOAP protocol and offers
pervasive peer-to-peer network connectivity of cateps, home appliances and
wireless devices. UPnP can be supported on edbemiy operating system and in

any type of network technology wired or wireless.

3.3 Universal Device Portal

The increasing number of home appliances, includilgvisions, video players
(DVD, Blu-ray players, etc.), light switches andnsers are examples of more
computerised devices that offer more services. Thakes these devices more

complex with complex remote controls that makertheerfaces harder to use [38].

Universal portal systems have been introducedemtharket during the last few years
and their purpose is to make the management o¥iaeder the combination of two or
more devices simpler. In such a system, devicesaaysartal to connect to and to be
managed by the portal’s interface that is simplée aim of these portals is to enable
heterogeneous applications on heterogeneous hadieaices to communicate with

each other within a common defined hardware anlvaoé environment.

The Multimedia Home Platform (MHP) [39] is an exdepf a portal application that

receives digital broadcast video, audio streamsthadnternet, offering a common
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API that is accessible for other applications, wisien, set-top boxes and any

combination of these.

3.3.1.1Local Sensing and Control

The complexity of device functions and interfaceakeresearchers focus not only on
building universal portal systems but also on bogduniversal remote controls that
offer virtual portal capabilities and LCD screenspthying dynamic interfaces based
on user profiles to improve existing device inteds.

The Personal Universal Controller (PUC) [41] is emote control device for

improving the interfaces to complex appliances. BWCPremotely connects to
everyday appliances using a two-way communicatioh an interface generator that
generates graphical and speech interfaces. Hatesl. have designed a similar
project to PUC called Universal Interactor [42], ilehthe XWeb project creates
dynamic interfaces to devices by defining an XMlndaage[43]. Other later
approaches include the iCrafter [44] and Roadid {4ih the latter offering goal-

oriented interfaces using planning and common-segesoning.

3.4 Supporting Planned Activities Spanning Multiple Devices

Observing human activities, determining what dataige and where to acquire this
data to support a context-aware application islehging. This difficulty increases
when these activities are not centred on a singkicd but they span multiple

independent devices [11].

The ACHE systermdesigned by Mozer [12] describes a house thansepatterns in

its occupants’ behaviours and automatically costsaime basic house appliances and
devices. ACHE monitors the environment, observes dbcupants’ actions (e.g.
adjusting thermostats, turning on a particular igumétion of lights) and attempts to
infer patterns in the environment that predict ¢hastions.

2 ACHE stands for Adaptive Control of Home Enviromitse
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Cohen et al. in [13] describes a multi agent systeah uses multimodal collaborative
interface technology to facilitate human interactiith a pre-existing distributed
simulator. Cohen’s system uses a novel interfaae dlows users to employ speech
and gestures commands simultaneously while a modiahinterpreter is used to
engage a distributed agent framework based on ples @gent Architecture [14] that

tries to execute the recognised commands by aocceasiumber of devices.

A system that supports collaboration of activiieslescribed in [15]. Their system
uses a dialogue model that is able to manage csatv@ns about multiple tasks and
collaborative activities and builds a multi-modabneersational interface to the

devices.

3.5 Context-aware Devices

In a context aware design, applications must berewved the existence and the
characteristics of user's activities and the rdsthe networked system operation
(system’s activities). For context aware appliaagito function according to its users’
expectations, they must consider all the relevamities that enable them to adapt
their behaviour based on the current conditions sindition. These relevant entities
are commonly referred to as context and containuger situation and activities,
service situation and state, physical environmefiormation and other relevant
information such as available equipment, system figoration and service

capabilities.

The first context aware systems were developetierbeginning of the 90s and were
led by the desire to use computer systems ubigglitoun a variety of physical
environments. The Active Badge project [4] devetbpg the Olivetti Research Lab
was one of the first attempts to adapt applicationgeople regarding their locations
in a building. In the Active Badge location systeeople carry a small device with
them known as Active Badges that emit a unique ¢odapproximately a tenth of a
second every 15 seconds. These signals are pigkby a network of sensors that are
placed in the host building’s rooms and corriddiise sensors’ data is processed by a
master station also connected to the network tbig fhe data and makes it available

applications and clients.

Other context aware systems were developed laaettribd to determine the location

of an individual using the context related useratamn information. These systems
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include global positioning systems (GPS) that esation information from satellites
and distributed systems that use location inforomatavailable from underlying
communication infrastructures such as GSM and Wikfriubiquitous computing,
context aware systems must consider a contextgimbre than a location in order to
provide information and services to the user raléva the user activities, tasks and
goals. A special case of a context aware applicdiio example is thé&ollow-me
application [46]. The user interfaces of these i@ppbns can follow the user as they
move using the equipment and resources (e.g. netwsources) available as the user
moves out of his office. In thieollow-meapplication framework the context not only

provides user location but also equipment locadiot capabilities.

Systems can discover and take advantage of aisituat context such as: location,
time and user activity. Context holds a huge amofintformation to be addressed as
a whole thus we divide the context into 3 main gat®s or domains based on the
information it contains (Table 3-6). These are: tiser context domain, the system

context domain and the physical environment cordertain.
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Context Domain

Context Information

Examples

User Context

User identification
User location
User action/situation

User tasks

Social activity

User id is George
User is at point X,Y
User is walking/sleeping

User has an appointmg
with the doctor at 10:00a

George is watching tf
television with Michael

m

System or ICT Context

Device location

Device properties

Device status

DVD player is in living
room

MP3 player is on us
George

Laptop is in Wi-Fi range

PDA has a X by Y screern

Set top box is in sleepi
mode

Awareness of QoS wh
transmitting messages

Physical
Context

Environme

Environment constraints

Date/Time

Inside temperature
Outside temperature
Air quality

Light intensity

18" of September, 2008

Table 3-6: Description of the three context domains

3.5.1 User Context-awareness

The user context domain contains context data aasghhe user location, user

identification, user activities and tasks. With adees in sensors technology user

location and identification can be obtained by senplaced inside buildings (e.qg.

Active Badges [4] and RFID receivers [47]), whilseu activities can be obtained by

sensors that are located on the user such as wwoeler sensors (wearable

computing).
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3.5.1.1User Location and ldentification awareness

Harter et al. [48] describe a context aware defigra sensor-driven platform that
collects environmental data and exports the datform suitable for context-aware
applications. Harter's biggest design challengdoigyet the user location. Global
Positioning Systems (GPS) is not suitable for usside buildings while
electromagnetic methods suffer interference froheotevices. Optical systems such
as face recognition systems require expensive inpageessors and detectors and
may not work effectively in environments containimgany objects and much
furniture. To address this challenge they desigdAad, a sensor-driven system that
uses ultrasonic techniques to detect the locatioth@ user. In the BAT system,
objects and people inside the system’s environnagattagged by small wireless
transmitters. Each of these transmitters knowbatshas a unique ID associated with
it and consists of a radio transceiver, controllingic and an ultrasound transducer.
Receivers consist of an ultrasound receiver aratialport interface. They are placed
at known places on the ceiling of the rooms andcarmected together by a serial
wired network to form a matrix. The BAT system astsof a number of mobile and
fixed bats (wireless transmitters), a matrix of receiver edets, a central RF base
station and a computer that does all the data sisdiyr tracking the transmitters. The
RF base station initiates the process by resdttiegltrasound receivers via the wired
network. Then it periodically broadcasts a radissage containing a single identifier
addressed to each of the bats (transmitters) im. tdthen the corresponding bat
receives the broadcasted message, emits a sheeneoded pulse of ultrasound. The
ultrasound receivers hear the incoming ultrasoumdi record the time of arrival of
each signal from the bat. Finally, the bat-to-reeeidistance can be calculated by
using the speed of sound and the times-of-flightaxfh ultrasound pulse transmitted

by the bats to three or more receivers (multildiend).

An extension of the BAT system is described in [#8]t uses context not only for
location awareness but for orientation or stateramess as well. The ORL system
requires three or more transmitters to be attabh@h object or a person and uses the

same ultrasound technique used in the BAT systdma. drientation calculation is

% When the distance from a transmitter to three oremeceivers is known, its position in 3D spaae ca

be found using the process of multilateration whgchn extension of trilateration.
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made by calculating the distance of each of thestratters placed on the object’s
body. When the points of the transmitters are knotle orientation of a known

object can be determined in 3D space.

The BAT and ORL systems use the ultrasound to meadistances and extract
location information from the context. Other syssehave been proposed to enable
location awareness using Wi-Fi values to estimateatlon. These fall in two
categories. In the first category, are systemsuba a deterministic method and in
the second category are systems that use a prisiiakapproach.

The RADAR (Radio Detection And Ranging) system [5@ows a deterministic
approach and implements a location service utdighre information collected from
an already existing Wi-Fi infrastructure. It usggnal strength information that is
collected from multiple receivers to calculate th&tance between the transmitter and
each receiver. Then these distances are usedatmyutate the user’'s location. A
probabilistic method applying the Bayesian sampépgroach is described in [51]. It
uses multiple probabilistic models and histogramsfihd the probabilities over
locations calculated from RSSI values. RSSI (Rexkiignal Strength Indication)

values are provided by most wireless Wi-Fi integfaards.
Other user location and identification awarenegs@gches include:

e Cricket [52], a low-cost decentralised location eaveess system that uses RF

signals to determine user location.

e Smart Floor [53] where users are identified basadtheir footstep force
profiles. It uses a biometric user identificatiofstem collecting information
from floor tiles that are fitted with force measgisensors. The biometric
identification system is based on the uniquenes=aoi person’s footstep (e.g.

every human walks in a different way).

e The GETA Sandals [54] project, like Smart Flooentfies the user based on
his footstep. RFID tags and accelerometer senserattached on sandals and
transmit their data to a central computer that aettrfootstep biometric

information based on the accelerometer values.
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3.5.1.2User Task Modelling

User task models specify the tasks that someorferper using an application and

how they relate to each other. They capture a sisesk and system’s behaviour with
respect to the task-set to identify what the useisdr wants to do and why. User task
modelling can be used to enable user interfacé® tadapted to users’ own ways of

working.

Gaffar, et. al. in [55] attempt to build, link and instantiate gec task models by
using task patterns. They propose an XML Schemather specification of task
patterns and a mark-up language called Task Patlarkup Language (TPML) in

order to model task patterns into a re-usable nraion¢iCI| frameworks.

Another attempt to generate concrete user intesfecthe KnowiXML [56] project. It
is a knowledge based system that models user tagkspplying design rules to
abstract models. KnowiXML uses UsiXML57] to store the user task models and

allow them to be reused by user interfaces.

The creation of various task models and the prootbsking them to each other is a
tedious, time-consuming activity. Current modeldzhsframeworks lack the
flexibility of reusing already modelled solutionshile very few approaches offer a
simple form of copy-paste reuse. Gaffar's TPML prds a more disciplined
approach for modelling patterns to supplement otrreodel-based approaches by
facilitating the construction and transformatiomsrmdels as well as formatting them
to encourage reuse. On the other hand, KnowiXMLr@ggh defines an interactive
model that is easy to learn and (re)use model tawkkelping users in performing
their daily tasks. However, the KnowiXML’'s knowleglgacquisition process is
performed semi-automatically (information is gadteby HCI designers and experts)

resulting in a difficult and time-consuming process

“ A user interface markup language (UIML)
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3.5.1.3User Activity Recognition

User activity is another property that can be eté@ from the user domain of the
context. The challenge in user activity recognitisrto identify what activities are

undertaken and who is involved.

The Wearable Sensor Badge & Sensor Jacket profd&jt groposes an activity
recognition system using two types of sensors: lanm®eter and knitted stretched
sensors. Two accelerometer sensors, one horizantbne vertical are placed on a
belt (Sensor Badge). These sensors can reflecg-fbece and the direction of the
user’s current state when a user wears the beittedrstretched sensors are fitted on
a wearable jacket to detect the postures and mausméthe user. Seon-Woo Lee et
al. in [59] and [60] extended the above user agtivecognition techniques by

proposing the recognition of walking behaviour thgb counting steps.

If_j] |'f_.':}1
N o
.

II"".fE;_rQ '
O~ (o) oy

Figure 3-3: Sensor Badge orientation during differat user positions (standing, sitting, lying)

Ling Bao et al. [61]argue that with only two serssa system is not able to capture
user activities. They proposed a system consistinfjve biaxial accelerometers
worn simultaneously on different parts of a usédsly. The results of their research
suggest that their sensor model can achieve retmgnmates for some activities of
over 80% for 20 every day activities (such as wagkirunning, sitting, climbing
stairs) and the user does not have to train theersysNicky Kern et al. [62] and
Kristof Van Laerhoven et al. [64] suggest that @ruactivity recognition system
should include between 12 and 32 3D acceleratiosase attached on the user in

order to model the user activity.
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3.5.2 Physical Environment Context-awareness

Context Aware applications must extract, inter@etl use context information and
adapt its functionality to the current context. Thehallenge for such
applications/systems lies in the complexity adpturing representing, managing
(e.g., storing and retrieving huge volumes of ceinieformation efficiently)and

processingcontextual data [65], [66].

3.6 Multi-Device Orchestration

Home devices are distributed in the home networkaes that are able to join or
leave at any time at any place in the network. Ttheshome network is a Distributed

Transient Network or DTN that has the following jpeaties:
e Decentralised network architecture
e Heterogeneity of network node resources
e Self-managing/healing network
¢ Node discovery

Two well-known distributed transient networks adetec and the Peer-to-Peer (P2P)
computer networks. A P2P network does not inclulilents or servers but
every node in the network is an eqpaler nodethat simultaneously acts as
both client and server to the othezer node®n the network. An example of a
Peer-to-Peer network is any file sharing networghsas BitTorrent, Gnutella
and Kazza, while a non-P2P network is for exam@é@R network between a
FTP server and FTP clients.

An ad-hoc network usually is associated with molaled wireless devices. The
connections in that network are established ontythie duration of one session and
require no central server. Service discovery islemgnted in devices so they can
discover others within range to form a network witlese devices. For example an
ad-hoc network can consist of a network of diffénemobile phones and PDAs that

use Bluetooth or Wi-Fi to discover each other anddmmunicate.

Service Oriented Architectures (SOAs) [17] and rttodiaracteristics provide social

organisation models such as multi-agent systems3Maith the aim to better build
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on conventional information technology and do saistandardized manner so that
tools can facilitate the practical development afge-scale systems. Some of the
service oriented computing limitations are dueh® ¢entralised design of their core
services. They provide a single point of failurer Example, if the component that is
responsible to discover services (service discowemmponent) goes offline in the

SOA network, then the discovery service will remaimavailable until that

component goes online again. A typical life-cycfead5OA is summarised in Figure
3-4.

4. DISSOLUTION

4.1 Close Contract

2.1 Joift Action: execule & 4.2 Remove advertisements

1.1 Service Proposal

co orchestrated WE that ! of service descriptions
1.2. Service Discovery !
. . adheres to conttact
1.3 Service Selection o | .
(policies) v

1.4 Plan (WF), contract

Formation 3.1 Update Plans

3.2 Service Update
. . 3.3 Service Management

Figure 3-4: Service Oriented Architecture Life Cyck model

In a Service-Oriented Architecture, distributed laggtions are built by orchestrating
or choreographing reusable services using high-leverkflows or business
processes. The complexity of developing and maimtgi these processes is
addressed by SOA development cycles that idertigyroles of participants at each
stage.

In ICT home networksprchestrationmodels include the types of workflow that
contain a centralised control system, where a akstation manages and defines or
updates (in dynamic workflows) the processes oftireounding devices. Elting et al.
[18] and Kray et al. [19] propose an architectuoe brchestrating multi-device
networks which generates Synchronized Multimedigdration Language (SMIL)

[20] presentations for multi-display environments.
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In Choreography workflow models, each device includes its own Viiork
management system. Languages such as the WebeseGhoreography Description
Language (WS-CDL) defined by W3C [21] aims to slyicdefine observable
interactions between services from a global pdiniew.

3.6.1 Planning

Planning is arguably one of the most important bépias for an intelligent system to
possess. In almost all cases, the tasks which thgseems must carry out are
expressed as goals to be achieved. Goal-baseligetelagents of these systems must

then develop a series of actions designed to aghies goal.

The ability to plan is closely linked to the agsntepresentation of the world.
Effective planning requires that knowledge of therld is available to the planner
agent. Typically, this knowledge contains inforroatiabout possible actions in the

world, which is then used by the planner in cording a sequence of actions.

Gat's ATLANTIS planner [25] is used for task plampiand navigation. The design of
the ATLANTIS architecture was based on the obsemathat there are differing

levels of activity in the environment. These levedguire different mechanisms for
dealing with them, depending on what is importantvhat level. At some levels,

planning might be important, and at others, a queelction time. Its architecture is an
instance of a layered architecture. There are thram layers: control, sequencing,
and deliberation. The planning is done at the dedition layer by using a symbolic

world model; however the planning algorithm usedrislear.

Theo’s [26] architecture uses a global world repnéstion and a search based
planner. It stores all of its data into a framedaasystem that gives the ability to store
a large knowledge base and to access this knowletfgpgently. The frame-based
nature of this planner allows it to be tested vdifferent planning algorithms (e.g.

STRIPS, linear planner).

In the SOAR [27] architecture, a problem solvinggass attempts to find a set of
operators that lead from a given state to a gadesiThis set of operators can be
considered as a plan to move the intelligent aframh the initial state to the goal

state. If SOAR reaches a conflict or a state witedlees not know the next operator,
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it forms a sub-goal to choose the next operatothiihis sub-goal it can perform a
look-ahead search, simulating the effect of diffiér@perators on the current state, in

order to determine which operator to apply next.

In goal-oriented management systems, policies sed to constrain how tasks can be
partially ordered to lead to a goal-state. Lieberne al. in [28] approach this
challenge by introducing Roadie, a user interfagena that provides intelligent
context-sensitive help and assistance for consul®éces. Roadie’s main objectives
are to provide its user with proactive advice, endte complex tasks and provide
debugging help when something goes wrong. To addiesse objectives, Roadie
combines two Al technigues: the Openmind Commoresé&nswledge base [29] and
a planner. Roadie uses the knowledge queried fhemConceptNet knowledge base
to understand a user’s actions and goals. Thee thens are mapped into Roadie’s
planner recogniser called EventNet and sent tonglanThe role of planner is to
create a set of actions needed to configure or poéaie a specific device satisfying
the user’s goals, while EventNet presents thisofedctions to the user and maps
device configuration actions into a format that ttevice can understand. Roadie’s

planner is based on the standard Graphplan plastingtures [30].

The Graphplan planning approach applies to STRIiRS-tlomains including a

planner that tries to create a shortest possibtgaparder plan and if cannot manage
it states that a valid plan does not exist. STRBA$, [32] is a planner but it also uses
a formal language to describe the inputs to themmpér and its states: “the initial

state”, “the goal state” and “operators”.

Elting et al. in [33] and Andre et al. in [37] page two different planners that
produce interactive presentations and user intesfaa the basis of an abstract system
goal. Using the Open Agent Architecture their sysestart from this abstract goal
and generate a user interface presentation intireal-using animated presentation

agents and speech synthesis.

3.6.2 Rule-based and Policy-based Management of Dev ices

Policy-based management is needed to constraicdimbinations and operation of

multiple devices.
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In a policy-based system, policies or rules arandef to govern or constrain the
behaviour of a system. Policies are executed uaimqmplicy engine that analyses
trigger events to examine if guard conditions cdusther actions to be triggered and
to deal with policy prioritisation and conflict wheseveral policies apply. In a

reactive policy-based system, policies are triggeaely by incoming trigger events.

3.7 Discussion

In this chapter, research projects have been sedvélyat support pervasive device
interaction (section 3.1), device interoperabiliyd gateways (section 3.2), device
portals (section 3.3), planned activities that spawmltiple devices (section 3.4),
context driven activities (section 3.5) and finafhulti-device orchestration (section
3.6).

The general issues have already been analysee iprévious sections. The focus of
this section is to justify which solutions are thest to use in designing the proposed

framework for this research project.

3.7.1 Message exchange between Services (OSGi/ Web  Services)

When devices interoperate for executing a procassombination to provide a
common goal, messages should be transferred betieenteroperated devices. The
two standards for message exchange between diffeosts (devices) often used are
OSGi RMI/RPC (Remote Method Invocation / RemotecBdure Calls) and Web-
Service SOAP/WSDL (Simple Object Application Praibc/ Web Service

Specification Language).

On top of the OSGi framework, the OSGi Alliance bpscified many services. They
are specified by a Java interface. OSGi bundledement this interface and register
the service with the Service Registry. Clientshe service can find it in the registry,
or react to it when it appears or disappears. OG€&is the Java RMI API to
implement RPCs. Java RMI allows an object runnmgne Java virtual machine to
invoke methods on an object running in another Yawaal machine.

This process is similar to the service orientedhiéecture used by Web services. The
main difference between Web services and OSGi fnaorie is that Web services

often use the SOAP messages in a WSDL format @noiu header elements for
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transport information and body elements for theiactlata to be transferred), which
makes it thousands of times slower than OSGi-RMVises that use method

invocation. Also, OSGi components can directly teao the appearance and
disappearance of services.

Davis and Parashar in [39] evaluate the latencyopaance between SOAP over
HTTP and compare these results with the performaficgava RMI. Their results
show that Java RMI is much faster than SOAP prdso@able 3-7).

System int[200] | int[400] | int[800]
Latency | Latency | Latency
(ms) (ms) (ms)
JavaRMI 2.3 3.2 4.7
CORBA 2.7 4.0 5.5
MS SOAP Toolkit § | 33.3 55.8 104.1
SoapRMI 75.0 73.0 108.6
SOAP::Lite 400.3 600.8 1120.1
Apache SOAP 310.3 380.5 561.7
Apache SOAP 203.7 285.0 449.2
Apache Axis Alpha 3 | 76.9 138.6 243.7

7 Marked results are for XML node lists.

Table 3-7 SOAP — RMI Evaluation - GetIntegers() usbetween a client and server

Considering the above advantages of OSGi over Wehic®s, OSGi is preferred as
the gateway to access home services in conjunetitin the UPnP standard that

supports service discovery and selection.

3.7.2 Planned Activities that Span Multiple Devices

Planning activities that span multiple devices mexjdulfilling two objectives: the

planning of user activities and multiple deviceshaiperability.

The ACHE and Cohen’s systems attempt to undersiaadactivities regarding their
interaction with various home appliances (e.g. stiljg thermostats, turn on devices)
while monitoring the physical environment changélese systems only sense the

user activity using interfaces although Cohen’seysallows users to interact with
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speech and gesture commands. It is also uncléhesk systems manage more than

one device simultaneously in order to allow dewviteroperability.

In order to achieve multi device interoperabiléymethod should exist that will direct
the operations of the devices.

Managing multiple devices in an ICT home includes tdifferent management
architecture types: centralised management art¢hrgec(orchestration) and de-
centralised management architecture (choreograpbghsidering that in a home
there are a number of mobile devices that entexibthe home’s network boundaries
and also there are devices with limited capabdljti de-centralised architecture for

device management seems to have disadvantagea ogatralised architecture.

OSGi and UPnP frameworks surveyed in this thebtigwsthat they are the state-of-
the-art technologies for device interoperabilitydamanagement of services in the

home:
e (OSGi allows multi device configuration, synchrongsiand control.

e OSGi uses Java RMI to invoke RPC processes whitdsisr than other RPC

frameworks.

e UPNnP enables devices that enter the home netwookmdaries to be

discovered and their settings and capabilitiestqumoted.

However, OSGi and UPnP do not solve the problermolti device interaction as
there are devices that are not compatible withethes frameworks. UPnP may
include device capabilities and settings but thisnnited. It is not “open”. It has been
written by the manufacturer at design time and oabe changed by the user. It does

not contain user profiles (user personalised in&drom to adapt that device.

ATLANTIS, Theo and SOAR surveyed in this chaptex planning architectures that
use different planner to lead activities from aegistate to a goal state. ATLANTIS
uses a symbolic representation of it environmertilevTheo attempts to plan its
actions using a global world representation. SOAguires a global knowledge of the
world is available to the planner and it limits uise in the home since most ICT

homes are reasonably complex environments.

Among the other planning models and planner prsjestirveyed, Roadie was

designed to assist user interaction with home dsviand appliances. Although
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Roadie provides context-sensitive device manageniedbes not sense the home
environment (context) and user activities. It regsiits users to input any preferred

action (goal) and it provides them with proactidviae.

3.7.3 Context-Driven Activities

There are various solutions available today for useobject tracking and location
discovery. These include active or passive elecugmatic trackers, optical trackers,
ultrasound trackers and RF trilateration algorithinghe systems surveyed, the BAT
and Active Badge systems are centralised archiestirhile Cricket is decentralised.
These systems use RF and ultrasound techniquemdouger location but may

introduce privacy concerns.

Active or passive electromagnetic and optical teaskare expensive and their
performance is affected by the presence of metallienagnetic obstacles in the
environment. Wi-Fi signal strength techniques may lme very accurate because of
obstacles and interference from other networks dedces. Ultrasound tracking
techniques proposed in the BAT project are immumeobstacles and network
interference but require the use of special equirsach as ultrasound transmitters
and receivers. Furthermore, ultrasound tracking hriigpies require the
synchronisation of the transmitters and receivers ih makes this technique more
complex. The Smart Floor project uses an expensivastructure because it requires
custom made floors and floor tiles. User identtima requires users to wear an ID
track sensors such as RFID. Location tracking @apdyformed by comparing Wi-Fi

signal strengths.

The main problem with wireless (Wi-Fi) location éetion is mainly attenuation,
change of environments and different radio strengted by manufacturers.

There are ways to find people’s location, statéidqas) and identification (e.g. who is
the person sitting on the sofa) but how can thisrmation be used? How can the

goals of the user that performs the actions beiqtestf
Key challenges in modelling the user context are:

e User context may be incorrectly or incompletelyedetined. For example, a

user location system may provide inaccurate daéx&aotly locate the user.
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e Difficulty to determine the user location indoofisaditional GPS techniques
do not work inside buildings. Other techniques sashlocation detection
based on imaging (face recognition) are expensink reeed high computer

resources.
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4 Framework

This section specifies a framework to support tkecation of planned user tasks and
unplanned user tasks situated in a smart home aament. Two main models of
systems are designed: a general life-cycle opewtionodel for creating and
maintaining services (Section 4.3, 4.4) and serei@nted architecture whose service

components will support planned tasks and unplatesd (Section 4.5, 4.6, 4.7).

4.1 lterative System Development

The service oriented architecture model has be@steated in phases. The four
main phases of system development to-date ardlag/$o

System 1: user device portal that supports dynachéwice discovery and
orchestration. The system communicates with dewisesy the OSGI model (Section
4.4.1)

System 2: adds support for an OSGi gateway, tofate to devices, and supports a

planner system, to execute tasks that span muttgplees (Section 4.4.2).

System 3: adds support for context-based awarearebssimple context-based task

initiation (Section 4.6).

System 4: a framework to support a complete SQGeyifle model. It orchestrates the
lifecycle of services using policies and workflo(@&ection 4.7).
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4.2 Service Architecture Overview

Physical World | Location | Activity it
' . Activities
awareness Tracking | Recognition | 1m==pp
- : ) Context
Situated Actions Planning
CHI Physical
1t World
Management
' v Policies
Mediator
| ) Plans
oa .
" o Discovery
Q0 DS
L o ¥
= 3 : v
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G @ —
S S Device Portal
Q
CClI Knowledge Base

Figure 4-1: Generic System Architecture

The system architecture is shown in Figure 4-1e ain parts of this model are the
five layers used between the input content andkihewledge Base that act as the
middleware. The four bottom layers are part of@&. At the bottom the Messaging
layer allows information sharing and exchange betwservices. Above it, the
Discovery layer searches, finds and registers aaw services found in the
environment. The Mediator layer enables service andtent interaction. The
Management layer at the top manages the otherslay@ng predefined rules and
policies. At the top of the CCI layers there is @idl layer which acquires knowledge
from user activities and context. Policies, Pland Birectory Services interact only
with the CCI layers. A vertical layer called thevie, services and content
component represents the application specific ¥rssof these that are interfaced to

the system using device gateways such as an OGi8edgateway.
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4.3 Core system

4.3.1 OSGi Gateway

The home environment to OSGi gateway relation avghin Figure 4-2. It is clearly
shown that OSGi camnead from every domain in the home environment (Users,
Devices, and Physical world) but it can omlyite (control) the device domain. In
some cases, changing the status of a device isd¢hece domain may affect the
properties of another domain. For example, a chahgfge heating service thermostat

status will probably affect the internal temperatur

The home environment domain includes a varietyenfsers that can take physical

environment readings such as temperature and hiymidi

Identification
Location
\\
|~ Temperature
Gesture \ B —
T~ Gsai Air/ Light
Peopli Condition
/ Gateway
Configuration A'//vv ]
o Physical
S— World
Control 4 /
Query ”
Service

Figure 4-2: Home Environment domain to OSGi Gatewaylomain Interaction

4.3.2 Service Discovery and Addition

The life of a service in the home environment bednom the moment that a device
or devices that produce a service are configured siart to operate in an
environment. In order for the service to exist &edregistered to the service registry,

each of the required devices should be discoveratl @nfigured. The device
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discovery and configuration is driven by the UPnddrfework mechanisms. When a
device enters the home environment, UPnP quersesapabilities and when the
discovered capabilities meet a service’s requirgghbilities then UPnP informs the

service registrant that the service is in a reaates

4.4 User Device Portal

Two applications have been built to demonstratetw different CCI framework
designs. The first framework supports service comfon and the second framework
supports service discovery, combination and dynaimierfaces. These are based
upon the OSGI framework.

4.4.1 Device Orchestration (Prototype 1)

In this prototype we have built an application gsweb services and the OSGi
framework. The home services are presented in a@i @3teway as bundles while

the CCI framework runs as a J2EE application onnwmlby server (Figure 4-3).

New services and their capabilities are discovdrgdhe service discovery OSGi
bundle and each new service is then installed @& QI5Gi gateway. The web
application queries the installed services andgmissthe available services to the user
who defines service combinations. A demonstratg@i@mentation can combine two

services. The combination process to do this felaswvs:

e There are two empty slots (slot 1 and slot 2) fe tiser to select the two

different services to combine.

e The user may select a service to add to slot 1 feoist of discovered
services. The list only contains services that rtheapabilities and

configuration allows them to be combined with otbervices.

e When the slot 1 service is selected the seconddmit2) is enabled to allow
the user to select the service to be combined. Slonly lists the services

whose capabilities and configuration allow thenedonect to slot 1's service.

e When the slot 2 is filled up with the desired seevia simple interface is

presented to the user to let him configure the cembined service.
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e The user now has two options. One is to install stact the new (combined)
service in the OSGi gateway and the second opgiom $ave the configuration

for the two services.

e Finally, when the user triggers the installatiord @xecution of services, the
web application sends the configuration informationthe OSGi discovery

bundle and a new bundle is created, installed tartsgunning.

OSGi service discovery bundle holds a list of engsservices with their capabilities
in an XML-based (W3C XML schema) data source. Thista source (e.g.
services.xsd) has been created manually and centfagnservices as elements with

their settings and capabilities as shown on thé XML file listing:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<xs:schema xm ns: xs="http://ww. w3. org/ 2001/ XM_Schema"
xm ns: servi ceVO="http://wmn bt. conf osgi / xm vos/ base"
tar get Namespace="http: //wwm. bt. conf osgi / xm vos/ base" el enent For nDef aul t =" qual i fi ed"
attri but eFornDef aul t ="unqual i fi ed">
<xs:conpl exType nane="service">
<Xs:sequence>
<xs: el ement nanme="servi ceNane" type="xs:string"/>
<xs:el ement nanme="description" type="xs:string"/>
<xs: el ement nanme="serial No" type="xs:string"/>
<xs: el enent nane="conpati bl eServi ces" type="servi ceVO KNOAWN_SERVI CES"

<xs:el ement name="interfaceCd ass" type="xs:string"/>
</ xs: sequence>
</ xs: conpl exType>
<xs: si npl eType nane="KNOW_SERVI CES" >
<xs:restriction base="xs:string">
<xs:enumneration value="tinmer"/>
<xs:enumneration value="light"/>
<xs:enuneration val ue="canera"/>
</xs:restriction>
</ xs: si nmpl eType>
<xs: el ement nanme="serviceDi scovered">
<xs:conpl exType>
<xs:all>
<xs: el ement nanme="SERVI CE_DI SCOVERY_I NFO' type="servi ceVQ service"
m nCccur s="0" maxCccurs="1"/>
</xs:all>
</ xs: conpl exType>
</ xs: el ement >
</ xs: schema>

From the above service discovery XSD file, the ak®ry mechanism accepts
configuration data from a user to generate th@fahg XML data that is used by the
system to understand the existing services, funstiand interoperability between
them.

<?xm version="1.0" encodi ng="UTF-8"?>
<servi ceVQ servi ceDi scovered xsi:schemalLocation="http://ww. bt.conif osgi/xmnl vos/ base
Untitled2. xm " xm ns:serviceVOo="http://ww.bt.conf osgi/xm vos/base"
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance" >
<servi ceVO SERVI CE_Dl SCOVERY_| NFO>

<servi ceVQ servi ceNane>t i mer </ servi ceVO servi ceNane>

<servi ceVO description>This is a sinple tiner</serviceVO description>

<servi ceVO seri al No>1234567890</ servi ceVO seri al No>

<servi ceVO conpati bl eServi ces>l i ght </ servi ceVO conpati bl eServi ces>

<serviceVQO interfaceC ass>Ti nmerl nterface. cl ass</serviceVOinterfaceC ass>
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</ servi ceVO SERVI CE_DI SCOVERY_| NFO>

<servi ceVO SERVI CE_Dl SCOVERY_| NFO>
<servi ceVO servi ceNanme>l i ght </ servi ceVO servi ceNane>
<serviceVO description>This is a sinple |light control </servi ceVO description>
<servi ceVQ seri al No>1111</ servi ceVQO seri al No>
<servi ceVO conpati bl eServi ces>ti mer</servi ceVO conpati bl eServi ces>
<serviceVO interfaceC ass>Li ghtlnterface. cl ass</serviceVO interfaceC ass>

</ servi ceVO SERVI CE_DI SCOVERY_I| NFO>

</ servi ceVQ servi ceDi scover ed>

After loading this XML service configuration, theyssem knows what service
combinations it can accept. In this scenario, theeit is compatible with the light
service. Also this XML provides the Java Interfatass that the system should use in
order to load specific user interface and contnoérations for each service (e.qg.
Lightinterface.class).

The next task of the system is to load each os#meices Java Interface class and also
to load and initialise each OSGi service bundle.ewthe OSGi bundles have been

initialised can exchange control messages (asateegompatible).

In a later version of this prototype, an attemphede to make the interface simpler to
use by non-expert user. To enable, users can gdemif to combine services using
plain English text. The application only underswm@adnumber of words that the user
inputs as text as the vocabulary we use is a siopée A system that understands
user input text and translates it into service igumation data may be possible using

common sense logic techniques but this is outettope of this project.

Service Service OSGi
Combination Discovery
Process o 7| Bundle Gatewa

0 i

' Bundles of

Serv[ce . OSGi Installed Services
Configuration

Interface

Figure 4-3: Process diagram of Demonstrator 1
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4.4.1.1Evaluation of Demonstrator 1

Screenshots of the first demonstrator can be faudgpendix. In the following three

examples a typical run of the demonstrator is eatali

Example 1: A user wants to combine two services. In that caseice 1 is the home
lights service and service 2 is a timer. The sintiglets service demonstrated here has
two states: set the lights on or off. When the seovices are selected the service
combination process queries the capabilities ohesarvice and the configuration
interface adapts to these capabilities by disptagrtonfiguration interface. The user
selects the time when the lights should be turmedra the time for the lights to turn
off.

Example 2:In this example a service is selected where pslséities does not allow

it to be linked with another service.

Example 3:In this last example the user inputs service camétjon information as
plain text. A configuration a user may input isartt on the lights at 8:25 and turn off
the lights at 12:32”. When the string is set thefiguration interface process extracts
the actions (e.g. turn on the lights at 8:25) ashabés a device accordingly.

This demonstrator has a number of limitations #natlisted below:
e Allows only two services to be linked.

e Configuration interfaces for each service are ngtathically generated but

are hard coded into applications.

e The user must input configuration strings in a déad format for the web
application to understand it. A number of errorscwwoed when
configuration text is input using a slightly diféart syntax. In a real world
situation each person has a different way to impufiguration information

using plain English.

Some of the above limitations have been addressel smlved in the next

demonstrator.
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4.4.2 Device Discovery (Prototype 2)

The second demonstrator focuses on service disgogerd HCI. It is a Java
application that lets the user link two or morevems into one service and is

configured using a dynamic interface.

As in the first demonstrator the application queriee OSGi gateway for installed
services and their capabilities. The new servigesliated and the user may select
which of these is installed. A list of the installservices shows the service name and
lets the user pick services to be combined. Ingbsond demonstrator the limitation
of the first demonstrator where only two servicesild be combined, have been
solved. Now the user can combine two or more sesvitbgether. The main

components of the Demonstrator 2 framework are showrigure 4-4.

Common

Interface | uPnP

¢ ( “/

/
: Service OSGi

SeVISE Discovery Gatewa

Combination o 7 Bundle :

E S

0 i

V
) Bundles of
Dynamic
Interface o ' OSGi Installed Services

Figure 4-4: Main components of the Demonstrator 2
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When the user picks services for combination a dyoauser interface presents
configuration controls for the combined serviceeféhare two places where these

controls can be found:

e In devices. Some devices have interface informatiatheir UPnP (universal

Plug and Play) configuration data

¢ In a database: controls for the operation of comrmod typical services are
stored in XML format.

Finally, when the interface of the combined serv¥ias been set up, the user can use it

to control the two or more services as one.
The evaluation and examples for Demonstrator Dpleed in the Appendix.

Home devices, mobile devices and sensors connecirnd@roperate in the home’s

environment based on the OSGi specification. Deviemed sensors produce one or
more services (bundles in OSGi terminology) tha discovered by the UPnP

framework. They are registered in the OSGi servegistry. The OSGi gateway

manages each service’s life-cycle as instructethéylanner (Figure 4-5).

Profile

Registr

Configure
Service

Control

OSGi Gateway J Sorvic

Remove
Service

Service
Registr

Figure 4-5: The OSGi gateway system architecture

Each service’s life-cycle includes four main preess
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e Install service process.This process searches for any already installed and
active services that match service descriptiong bgnthe planner to the
service registry. If a suitable service is alreadijve it gets its reference. If no
suitable services are found, the process triggerdJPnP framework to query
for new services. If a service is found then, itnstalled as a bundle in the

OSGi framework.

e Configure service processThe next process of the OSGi framework is the
configuration of the service. This process confgguthe selected service based
on users’ preferences (user profiles) and resawgsconflicts that may occur

by its installation.

e Control service process.This is the process that manages a service’s
operations. Service operations take place in onaae device hardware and
include commands such as turn on, set and get a&tbtc.

e Remove service procesd.he last process in the OSGi framework lifecycle is
the disposal of an inactive service when it isme¢ded anymore or when the
service has become unavailable (e.g. when a PDding the service has
been moved out of home network coverage). This gg®cremoves the
reference of the service from the service regiatmyg resolves any conflicts
that may occur.

4.5 User Tasks or Activity Planner

The proposed system architecture is presentedignsdction. An abstract model is

presented in Figure 4-6 to introduce the main campts of the
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framework.

TN Physical World

Sensor
Planner Home

De\/ice{'//
T/ People | | Devices

Environment

Figure 4-6: General view of the proposed framework

In this abstract view of the system architectueettiree main domains are: the Home
Environment, the OSGi gateway and the Planner. Home Environmenincludes
the context that is all the information that is itakele and can be used to feed the
planner Home environment includes humans who are plaosdle the physical
home environment, devices either situated in aend@ces in the house or mobile
devices such as PDAs, mobile phones and laptopso, Ahe home environment
includes physical world variables and constraintgise and room boundaries, current
minimum and maximum room temperature, quality aof aaylight and outside

temperature is an example of these.

The OSGi gatewacts as a device access control point and as nwedddebetween
the devices and the planner. As a device accessot@oint, the OSGi gateway
allows device and service interoperability. Devibedt based on OSGi standards can
be connected, registered, configured, interact wither devices or services and
uninstalled if necessary. As a home environmenplémner middleware, the OSGi
gateway’s role is to enable the planner to haveessedo context from sensors
readings, user ids, user location information aexia context (e.g. the light in room
2 is on, the TV is on channel 4, etc.). Also, theGD gateway accepts device control
messages from the planner and changes the devidegu@ation or controls the

device accordingly as instructed by the plannerder to reach a specific goal.
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The planner continually senses the home environnféhen a user goal is identified,
the planner creates a plan, which is a set of metibat must be performed either by
the devices or the home users, in order to reashgbal. Each plan action is a
different device control message that is sent éodbrresponding device through the
OSGi gateway.

4.5.1 Planner System Design

There are two main challenges for the proposed nglariramework. The first
challenge is to identify the user goal followingetluser activity and the second
challenge is to create a plan that manages a nuaoftsmrvices in order to reach the

user goal.

Figure 4-7 presents a diagram showing the flowndérmation between the main
proposed planner components. The user produces actioas (user activity) that are
captured by the home sensors. The user actionsi@delled and are compared with
predefined action models until the goal is ideatlf(see next section). When the goal
has been identified, a forward chain planner ceeaeplan to reach that goal
considering the state of the home environment gdptFinally, the plan actions are

sent to the OSGi gateway that takes care of theceemanagement.

67



loannis Barakos — MPhil Thesis

User Action to |
Goal Mapping » Goal Found
.| Backward N . .
Have Goal » 0sGi o Hardware

"| Chaining planner

4

Context

Figure 4-7: The two phases in proposed planner fraework: Goal Identification and Plan

Creation.

4.5.1.1Phase 1- Goal Identification

User activities are sensed by a number of senscetdd in the house environment
and also carried by the user (e.g. RFID tags, SB®TS, etc.). When the user
performs an action, this action is captured andpamed with the set of predefined
actions from an action database. If this actiom&pped to only one goal, then this
goal description is sent to the Phase 2 of thenglaframework. If an action cannot
determine a goal, or the action determines mone ¢in@ goal, a user is asked to select

a goal out of a number of determined goals.
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Point to the window

Watch movie
A

- _ Control Watch
Point to the movie player Watch TV Lights Weather
‘} %/'
User sits on couch Point to the TV Hold a book

f

User sits on couch

(@) Two actions determine fa (b) Three actions are needed
single goal to determine the goal

Figure 4-8: The structure of a Hierarchical Goal Déermination Process based on action
mapping. (a) Action maps to a single goal, (b) acth maps to multiple goals until a third action is
performed.

In Figure 4-8, the goal “Watch movie” in (a) consisf the simple sequence of two
actions: “sit on couch” and “point to the movie y#&'. The action “sit on couch”
may lead to a number of possible actions such &shwaovie, listen to the radio, read
a book, just relax, make a phone call, etc. Thefiers are not listed on the diagram
of Figure 4-8 in order to simplify the diagram.

In (b) the goal determination process is more caaf@d because on the second user
action: “point to the TV” the action-to-goal strucé cannot map to a single goal and
needs another user action to identify the goal. thivel action: “Points to window”
triggers the goal determination process to identiy goal as “watch the weather

forecast”.

4.5.1.2Phase 2- Plan Creation

The plan creation and execution takes place ingidele engine mechanism. Rule
engines implement a forward, backward or bi-digew chaining mechanism.
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Forward chaining: When one or more conditions are shared betwees,rthey are
considered "chained." Chaining refers to sharingd@mns between rules, so that the

same condition is evaluated once for all rules.

Backward chaining: Backward chaining is very similar to forward chagwith one
difference. Backward chaining engines query for m&ets, whereas forward chaining
relies on the application asserting facts to tHe mngine. Backward chaining rule

engines implicitly create sub-goals and use thabeg®als to execute queries.

Bi-directional chaining: When rule processing operates in both modes, it is

considered to be bi-directional.

In this proposed planner framework version, a nunabg@redefined plans have been
modelled and stored. Each of these plan modelsaoma number of paths and nodes
with service control information (e.g. service LIGSE_ROOM1:TURN_ON).

Each node can have two states: satisfied or ufiedtisased on the outcome of its
control information and service availability. Whamode of a predefined plan can be
satisfied then the route to this node and the m®depied to the current (new) plan. If
a node of the predefined plan cannot be satished the planner mechanism moves

to the next node. The following example descrilés planning process.

A goal is identified from the previous process anpredefined plan (see Figure 4-9)
is queried from the predefined plan database. Taenpr mechanism moves to the
first node of the predefined plan (Service 1). T$esvice is available thus this node
can be set to a satisfied state. It is copied ® c¢brrent plan and the planner
mechanism moves to the next set of nodes (Servi@efice 4). Service 3 is not
available and returns an unsatisfied state reShk. planner moves to the next node
(Service 4) which is available and is copied todheent plan. This process continues
until all the nodes of the predefined plan havenbeleecked and a new plan, the
current plan, has been created. The created pdamishsent to the OSGi gateway that
will process every plan’s node in order to mandge filan’s services based on the

plan.
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Figure 4-9: Forward chain plan
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Figure 4-10: Forward chain plan for the Watch Weatter Forecast goal

Figure 4-10 shows the plan created based on tivtgd¢b-goal mapping of Figure

4-8 (b). The goal “Watch Weather Forecast” triggdre weather service to take
weather information from the Internet and from tloeal weather sensors. The
weather service formats this information and ssl@@levision as the output method

for the weather data.
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4.6 Context-Awareness

In this research project the user context domatraetion focuses on the following

user information:
e User identification. Who is the user that performs the activity?
e User location.Where is the user?

e User state.What is the user activity status? E.g. sleepinglking, running,

sitting.

Different types of sensors are needed for contgiktaetion. In this proposed user

context extraction methodology the Sun SPOT sepistiorm [3] is selected.

Sun SPOT is a small wireless-enabled devices barsed32 bit ARM-7 CPU and an
11 channel 2.4 GHz radio. They consist of a bohadl includes a number of sensors
such as 3-axis accelerometer, temperature and lgginisors. The device is
programmable in Java. Developers can write Sun S&gplications that get sensor
information, perform some pre or post processinthéxSun SPOT platform and then
send this information to a base station for furfi@cessing. Sun SPOTSs also consist
of 9 1/0 pin port that enables peripheral sensorbd connected to the Sun SPOT.
These characteristics make the Sun SPOTs a suitthbiee for a sensor network for

context extraction.

4.6.1 Indoor User Location Determination using RSSI

Location determination is very important for an rastructure of a ubiquitous
computing environment such as a smart home. Outdlmmation determination

technology such as GPS is already developed awdledy used. For indoor location
determination, there are several technologies (@e8t5.1.1) but they are not widely
used.

Assuming that home users wear or carry Sun SP@&s,lbcation can be determined
by triangulating the signal strength of their SUPCH and each of the base stations
that are located in the room. Figure 4-11 showsKperiment environment where the
experiments of location determination using th@algtrength took place. Three base

stations were placed in certain room positions. ekspn holds a Sun SPOT and
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follows a path as shown in Figure 4-11. A perskes$abOcm steps. After each step
the Sun SPOT broadcasts a signal that is colldntede three base stations.

17e
i User (Sunspot)
g
s -
g: —""°  Base Stations (Antenna)
Path Followed
BS3 Obstacles

Figure 4-11: Experiment environment floor plan shoving the base station position and the path
followed by the Sun SPOT

The Sun SPOT platform upon receiving a radio daeket, can extract the signal
strength information of that packet. The Receivegh& Strength Indication (RSSI)
value shows how strong or weak the radio signallig results collected by this

experiment are presented on the next graph (Fi{pli2).
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Figure 4-12: RSSI values collected from the 3 Basations

In order to calculate distances from the extracR8SI| values, a free space
propagation model was used. This model assumadehepropagation condition that
there is a line-of-sight path between the trangmind the receiver (Sun SPOT and
Base Station). It does not consider any effect aftipath fading and other signal
strength loss. In indoor environments, where lifigsight is not always available,
multiple objects and humans may alter RSSI valadsge space model is not precise
but it is still appropriate to determine distandethere are many base stations in the

space.

R3Sl

I:I ¥ _
-0 '
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a0 100 150 200 250 300 3a0 400
Distance (cm)

Figure 4-13: Relation between RSSI and Distance dhe free space propagation model

In the free space propagation model the relatiotwden RSSI and distance is

measured (Figure 4-13) and is described as:
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P (d)=P, 20Iogm(%j[d8m]

Where:

P, = Empirical constant

c _ 3x10°m/s]
f  24GHZ

P, = 50 dB

Further experiments with RSSI values and combinatwith different techniques and
methodologies for extracting the position of aneabjn indoor environments led to a
joint project [63] that better determines the useation and also the orientation of a

user in an indoor environment.

4.6.2 Indoor User Mobility and Activity Determinati on Using

Accelerometer Sensors

RSSI measurements during the location awarenessrimgnts show that RSSI
location determination techniques give accurateieslin open space environments
when no people and objects are between the tralessndnd receivers. However, in
more complex environments containing multiple otgeobstacles and people such as
home environments, radio signals can get refleotedeflected by obstacle objects

making location tracking inaccurate.

As humans move in and between house rooms, thelupeoacceleration which can
be used to calculate position and to track themta@img this information can be
done through the use of three-axis accelerometmsose that are attached on the body
that needs tracking. Signals obtained by accelet@msensors require pre and post

processing as there is no direct conversion betweeeleration and position.

Accelerationa is the rate of change of the velociyf an object. Also, the velocity

is the rate of change of the posit®of the same object:
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_dv
dt

_ds
dt
The velocity is the derivative of the position aheé acceleration is the derivative of

the velocity.

_ d(ds)
dt?

When the acceleration of an object is known, thgitmm of this object at each time

can be measured by applying a double integration:

dv

a=_ V= j(a)dt
ds
v=a—>s=j(v)dt

Thus:

s=[([ @adthit

BEEEEEEE

- = B 2 HYEHE

a. acceleration b. velocity C. position
Figure 4-14; a. acceleration: actual accelerationata as obtained using araccelerometer senso

b. velocity: velocity after single integration, c.position: distance travelled from zero der a

double integration
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Figure 4-14 shows the accelerometer data of arcothjat accelerates and decelerates

(a), its calculated velocity (b) and its calculapsition (c) from a zero starting point.

An implementation of the double integration algamitis used to process the obtained
accelerometer data in order to apply the algorithma real world scenario. This

processing of accelerometer data includes caldmatnd filtering.

Filtering is needed as accelerometer sensors ngjramoisy data. A digital filter is
applied based on a moving average: the average wéla certain number of samples

is processed.

Calibration also takes place before the processintipe accelerometer values (pre-
processing). The calibration is needed to elimitlagesensor offsets at the beginning
of a measurement when there is no movement. Irr etbals, during the calibration,
the algorithm finds the sensor values when theabligein a stand still position. After
the calibration takes place, the real acceleratlata is the data obtained by the

sensors minus the calibration offset.

Experiments from section 4.6.1 and this sectior5.?}.led on a better position
determination system that adapts to both dynamysipal environmental conditions
and human movement changes in order to find esinaser locations and their

orientation.

4.6.3 User ldentification

Other information that can be extracted from theruontext is the identity of the
user. The identity of the user can provide infoioratto a number of different
applications in the smart home, in which, a user lma identified by the context and
these application adapt to the user, e.g. onlathdts of the family have access to the
house garage; healthcare applications can senseéhehgser that performs an action
is such as falling down and where this occurs dackghis information or raise an

alarm.

In this project a simple user identification alglon identifies the user by the way he
walks in the house. Gait biometrics can producaaurate classification if the data
is obtained accurately for a small group. The gatbgnition algorithm proposed in
this project uses accelerometer data along a 3-Bisodels the gait of each person

with respect to his weight, step frequency and speged.
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Each user is equipped with an accelerometer s€éesprSun SPOT). A user spends
some time to teach the algorithm by performing gaay activities in the home. Then

the algorithm models the user’s gait and store@sdt gait biometric database. When a
user starts walking in the house, the identificaaégorithm compares its gait with the

already stored biometric information and finds lbiest match.

4.6.4 User Status Recognition

The user activity level can also be extracted fibi user context. The term “user
activity level” in this project includes a numbedraztions that show how active is the
user in the home, e.g. sleeping, relaxing, wallimg hurry, etc.

The user activity level recognition algorithm deteres the user state by sensing
accelerometer values from sensors attached to gbe (e.g. accelerometer values
change rapidly may indicate that the user is walkma hurry). Through sensing the
device context domain for changes in devices (ig.volume of the TV recently

changed means that the user is still watching T&Wteas not fallen asleep).

4.7 Policy-based and Workflow-based Management of

Devices

In this framework, service oriented life-cycles advices and services in a home
network are supported by workflows. This framew@lplaced between the device
application frameworks and the OSGi messaging freone This way the OSGi

gateway is extended by enabling device and semicbestration using dynamic
workflows adapted to the current home environmeatniext) using rules and
policies. Rules are static and pre-defined setestrictions or commands while
policies are dynamic rules. Policies may be charmedsers or other services during

the service life-cycle in order to adopt with therent context.

4.7.1 Framework Requirements

The requirements of this prototype are describethinle 4-1.
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Requirement

Description

Device discovery

Devices that enter the home ndtvaoe discovered and thei

capabilities and settings are made available teystem

Device selection

Based on the device capabilitied settings, a device

selected if it is needed by a service

Device registration

After device selection, the ideunust be registered with tk
ICT home service directory. It is configured basmd the

current system configuration and context

Service selection an

registration

dA service is complete and can be registered onlgnathe
required devices for that specific service havenlregistered
During service registration, the user is asked skeavice carn
be registered or dropped. Then devices that suppede

services registered are re-configured (on demaas@don the

service configuration demands

ne

Service execution

orchestration

- After service registration, a service execution kflow is
loaded that is specific for each service. The serexecution
workflow (jobflow) supports the execution life-cgclof the
service by orchestrating the devices registereth witusing

sets of rules and policies.

Table 4-1 System requirements of System 4

4.7.2 Architecture

Overview

This framework consists of three main workflow psses that support the

installation and maintenance life-cycles of the S@éhitecture and are displayed in

Figure 4-15. The installation life-cycle is supmattby the “device registration” and

“service registration” processes and the maintemdifie-cycle is supported by the

“execution” process.
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Figure 4-15: Overview of the & Framework architecture displaying the three main pocesses

and their main subsystems.

These three workflows are driven by four sub-syste@scribed in the next sections:
a device knowledgebase including information fowvide capabilities, a service
knowledgebase including information required forvg® adaptation and generation,
a policy manager holding and executing the rulesolicies and a jobflow manager

that stores the execution workflows for each ofdtailable services.
The intelligent model proposed in this frameworktains the following properties:

e Reactive: The environment events are sensed. Eulets trigger action

selection that may lead to actuators changing #graironments.

e Rule or Policy-based: The framework uses a rulenengnd a set of policies

to orchestrate the operation of its distributedicky

e Adaptive: It adapts to environmental changes ancgrawves its own

performance.

e Collaborative: Multiple devices and services shiagks and information in

order to achieve shared and common goals.
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e Orchestrated: Distributed services are controlled ardered by designating

some leader who acts as a central-planer.

e Shared Knowledge: The context information and systeowledge is shared

between the distributed services.

4.7.3 Device and Service Repository

The device repository stores the device informatt@apabilities and settings that are
gueried from a device when the device is discovésethe system. This information
is usually queried by a device using the UPnP dsgomechanism. In this project
the UPNnP profile of each device can be extendethéyser. For example, when a
device is discovered in the home network, the eségrs more information that does

not exist in the UPNP, such as device locationicgeiviendly name, etc.

Services are defined in the service repository Wwisiores the service names linked
with the required and the optional capabilitiest thiie needed to generate a service.
When the combinations of devices that meet theiredcapabilities for a service are
registered, then this service is ready for exeaytihile adding devices that offer
optional service capabilities can extend this ereonfiguration and execution.

4.7.4 Policy Management Subsystem

The policy manager stores the policies to drivesiwice registration workflows and
the service execution workflows. For the serviagigteation workflows, the policies

are general and orchestrate the workflow by allgwihe registration of a device
when these device capabilities meet a service meaant (see section 5.5.3). In the
service execution workflows the policy manager baldferent policies and rules for

each of the service that is being executed (seétiod).

4.7.4.1Rules

The Rule-based model of this framework is a medmarfor utilising a knowledge
base’s information and then applies logic reasotingervice operations. This model
contains a rule engine determining how rules constd for an IF-fact THEN-fact.
When new events are generated, they are represastadw facts. The knowledge
base uses the fact in the IF portion of the rulé aratches this with current facts

contained in the working memory part of the knowledase. When a match is
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confirmed, the action rule gets activated and i#EN statements are added to the
working memory. These new facts added to the wgrkiemory can also cause other

rules to fire.

In this framework the Rule-based model is combwet a workflow model in order
to allow orchestration and knowledge sharing betweestributed services in a
complex topology, for example where a number ofedéint services interoperate to

generate a new virtual service.

4.7.4.2Rule Generation and Execution

A rule engine searches the knowledge base usingafdr or backward chained
searches. Backward chaining starts with a listadlg (or a hypothesis) and works
backwards from the consequent to the antecedeatdtesmine if there is information
available that will support any of these consegsiefiin the other hand, forward
chaining starts with the available information @ah knowledge base) and uses
inference rules to extract more data (from an eser dor example or the physical

environment) until a goal is reached.

Forward-chaining may be regarded as progress frokmaavn state (the original
knowledge) towards a goal state. Backward-chaimmgans that no rules are fired
upon assertion of new knowledge. The proposed framleuses a forward chaining
search because the current activities and situstgdns in a home environment are
driven by the context (e.g. sensors). This firdegudrom a known state, i.e., the
current context. The final goal may not also be-getermined, it may be
opportunistic. Furthermore, in forward-chaining tieeeption of new data can trigger
new inferences, which makes the engine betterdgtitelynamic situations in which

conditions are likely to change.

4.7.4.3Rete Algorithm

Forward-chaining systems can become cumbersorhe groblem space becomes too
large. As the rule-base and working memory groWwrwae-force method that checks
every rule condition against every assertion invtleeking memory can become quite

computationally expensive.

There are ways to reduce this complexity, thus n@ld system of this nature far

more feasible for use with real problems. An effextsolution to this is the Rete
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algorithm [67]. The Rete algorithm reduces the clexipy by reducing the number of

comparisons between rule conditions and assertiorthe working memory. To

accomplish this, the algorithm stores a list oksumatched or partially matched by

the current working memory. Thus, it avoids unneags computations in re-

checking the already matched rules (they are afreativated) or un-matched rules

(their conditions cannot be satisfied under thesteng assertions in the working

memory). Only when the working memory changes, dbes-check the rules, and

then only against the assertions added or remowed \working memory.

4.7.4.4Rule Properties

The rule-based model of the proposed frameworkhmproperties of Table 4-2.

Property

Description

Passive or Active rule generation

A rule can beegated either when
rule administrator defines a rule using
rule interface (e.g. GUI) or automatica

by the rule engine

a

ly

Passive or Active rule execution

The execution nfla may happen whe
a context event is triggered (passive)

when a user or a device activate the ru

or

e

Re-usable rule templates

Rules generated autorhatigaassive
rule generation) are stored in t

knowledgebase for re-use

he

Rule priorities

In order to avoid rule engine opiera
conflicts and user personalisation, ru

are prioritised

les

Permitted or non-permitted rules

This property éemtihe permission t
execute a rule based on the curr

context

ent

Table 4-2 Rule properties
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The properties of each rule are stored in the kadge base along with the rule itself
and are executed in the Home Gateway (OSGi). Tthes,Home Gateway is the
planer. A generic knowledge base is used. This odettecreases the number of rule
conflicts as the Home Gateway:

e Has access to the whole knowledgebase and may oree gpecific matches

rather than more general matches
e May use a high priority rule over a lower priorityle

e Use a conflict-resolution template

4.7.5 Workflow Process

The three main processes of this framework, desggestration, service registration
and service execution, are orchestrated by twostygdeworkflow: the registration

workflow and the service execution workflow.

4.7.5.1Service Workflows versus Device Workflows

It is important to make the following assumptionshes point. Adeviceis defined as
an actual piece of hardware in the ICT home enwremt. Devices are divided into
two subtypes: a dumb device and a smart device.lDdevices do not have any
networking capabilities, usually have an alreadpgpammed PIC (Peripheral
Interface Controller) microprocessor with very lied or no memory and can execute
basic operations and cannot be altered. ICT ortsdeices are networked devices
usually running an operating system (e.g. OpenB3fux, or Windows ME, etc.) or
a virtual machine. They have a faster processomam@ memory than dumb devices

and thus they are able to execute code as adadhsit already installed firmware.

Examples of dumb devices include lights and lighitches, microwave, some video
players, etc. Examples of smart devices includéilmghones, set-top boxes (e.g.

Dreambox, IPBox running Linux), PCs, some LCD T¥®,

A serviceis the result of one or more processes that egsdatone or more devices.
A service has 4 typical steps or loops as theydafeed in the SOA: The service
registration, service execution, service mainteaaaed the service de-registration.
One or a set of devices need to be combined to leden@ virtual service. In turn, this

virtual service must follow the SOA specification.
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A device workflow is an ordered list of processes that a deviceagrpmmed to do.

A device workflow usually is triggered by a switoh button (e.g. start heating food
in a microwave), by a sensor (e.g. motion sens@niralarm system) or by a timer
(e.g. alarm clock). Device workflows are usuallydraoded in the actual device

firmware or PIC.

Service workflowsare an ordered set of actions that run in an IQhdgateway that
the home devices are network connected to. As éhace workflow is not placed

inside the actual device hardware, it is considaed virtual workflow.

4.7.5.2Workflow Types

Workflows include actions, event triggers and rubegolicies. They can have three

types as they are defined in the next figure (FAgld6).

Start »| Action 1 » Event wait » Action 2 » End a
Action 2.1 \
Start p| Action 1 4’?XOR | Action 3 » End b
Action 2.2 /
Action 1.1 » Event wait
Start < >‘ Action 2 » End c
Action 1.1 » Event wait

Figure 4-16: a. Simple sequence workflow, b. Bran&ud workflow, c. Parallel-process workflow

In Figure 4-16, three workflows are shown: a simpégjuence workflow (a); a
workflow also may have one or more branches thahga the activity flow based
upon events coming in and other variables (b);iviéiels may also spawn multiple

thread on a part of the activity, e.g. parallelgass workflow.

As services usually include a number of devicesseavice workflow (virtual
workflow) is used to combine device workflows. Thaiservice workflow can be a

set of device workflows (e.g. D1 and D2 workflows)ere the flow is distributed in
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each of the device workflows. There are three dsimas in flow distribution

between two or more device workflows (Figure 4-17).

D1 D2

D1 D2 D1 D2
Action l l
| Action | | Action |
l l

| Action | | Action |

Action
Synchron
| Enc | Action p{ Action

i

| Enc | | Enc |

<

Figure 4-17 a. Nesting synchronous service workflavn. service workflow through pipe, c. multi-
threaded synchronised service workflow

In a nested synchronous service workflow, one dewm@y request the results of an
activity or executes an activity on another dewacel then continue its original flow
(a). The service workflow pipe directs the flowaflevice workflow to continue on
another device (b). Finally, the synchronised serwvorkflow allows activities
between two or more devices to be executed andxthamge information in a

synchronised way.

4.7.5.3Registration Workflow

In the registration workflow there are two mainpsothe “device registration/service
complete” loop and the “service selection” loop.eTtdevice registration/service
complete” loop is on a wait state until a deviceéeesthe home network. Then the
loop takes three actions: 1. executing a numbeprefactions for configuring this
device before it is registered, 2. evaluating ai@evegistration rule, that is checking
the device capabilities and registers the devidh aiservice only if the device is
needed, and 3. executing a number of post-actioms.pre and post actions of each
device type are stored in the knowledge base. Alsimepresentation of the rule that

evaluates the registration of a device is:
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When

devi ce.capabilities[] are needed by service s
Then

regi ster device to s
el se

drop device

Another rule in the registration loop is to evatudta service has been completed and
is ready for execution. A complete service is thevise that has all of its required
devices registered with it. For example a lightveer is complete only when a light
device and a motion sensor device have been regfistsder this service. This rule
checks if the service needs more devices to beyré&adexecution and if all the
devices are registered with it, then it asks thex ts accept or deny this service. This
is the last step of service registration workflomdavhen the user accepts a newly
created service, the “service accept” rule loadpla workflow (will be called

jobflow) that has actions and rules for executimg ¢reated service.

4.7.5.4Service Execution or Jobflow Workflow

A jobflow is a set of actions, event notifiers amdes that are used to orchestrate the
execution time of a service. Each service hasvits mbflow which is stored in the
Knowledge Base. When the registration workflow ségjis and the user accepts a
service, the “jobflow” is then loaded and starteeevent notifiers and actions in the
jobflow are active during the time the service nsits “running mode”. A simple
jobflow for the light service is:

Start ---> Event trigger: Mdtion detector device is on -->

Action: Turn light device on --> Tinmer: wait 60 seconds -->

Action: turn light device off --> End

The above jobflow executes a light service with tlawices: the light and the motion
detector device. The jobflow starts executing whrrevent from the motion detector
is triggered. It triggers an action to turn thehtign and then an internal timer waits
for 60 seconds before the device is turned off ragéhen the job flow enters the

event wait state again.
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4.7.6 Implementation and Evaluation

This prototype was implemented in Java using theoBrrule management system.
Drools is a business rule management system (BRiM&)n enhanced Rules Engine
implementation based on Charles Forgy's Rete dlguoriBenefits of using a Drools

implementation includes: declarative programmingpgical editing tools and use of

an open source license.
e It implements a forward-chaining search model
e |t uses the Rete algorithm.

A graphical representation of the registration ilork is shown in Figure 4-18.

3 Start MK Device Entered

‘IEI- pre-conditions

Service
registration
loop

[Device,l' Service Registerj 'IE:J} wait for devices ‘ )
Service

selection

¥

K-t Device/Service post actiona

(7 Event Wait

conskraink

End

oNgstraink

Register to Jobs '
Figure 4-18 Graphical representation of the registation workflow
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The service registration process is a workflow |tiogt includes an event wait, a rule
management object and action objects. The evert“idavice Entered” is triggered
when a new device is entered and discovered bgigoevery mechanisms. Then the
workflow continues to the “Device/Service registetile manager object. At this
point, a set of rules examines the new device'saaloidifes and if they match the
capabilities required by a service in the servioevidedgebase, the device is selected
and registered with the system. The workflow theyves to the “Device/Service post
actions” action object where a configuration messagent to the device if needed to
be configured for the particular service. This laops continuously as the devices

may enter the home environment at any time.

When a service’s required capabilities met by devitave been registered, the
workflow moves to the service selection loop withdéerminating the registration
loop. The selection loop has an “Event Wait” acttbat requires the user to either
select and accept the new service or dissolverap(dt). Finally, if the user accepts
the service, the “Register to Jobs” action loads é#xecution workflow for this

particular service and begins its process.

The service execution workflow (jobflow) for a tgpi light service is presented in
Figure 4-19. This service comprises three devieemotion detection sensor (user
context — user movement), a timer (physical woddtext) and a light. At the first
action of the workflow loop, the “pre-actions” retsthe timer and moves to the
“Event Wait” state where the workflow halts untih dEvent” is triggered. In this
jobflow the “Event” is registered with the motioetdction sensor and it is triggered
when the sensor is activated. Then, the workfloweasoto the “LightRules” rule
management object where a set of rules orcheghiatsimple service:

WHEN sensor is triggered AND tiner > 0
THEN set light = 1 AND wait for timer.seconds
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* Event

pre-actions

End

LightRules

2 start

Figure 4-19 Light service execution workflow (job liow)

In the fourth framework and prototype, workflows @ombined with rules to support

home services life-cycles that follow SOA specificas. Service registration is based
on rules directed by a device via a service knogébadse. This enables automatic
service registration. Service selection requires uber to select or drop a generated

service.

Service execution uses workflows to orchestratevét®us devices that comprise the
service. Workflows contain: actions, switch (if/etlvise) statements, joins and event
listeners. The context is acquired by these evesteners. A hardware sensor is
sensing the physical world (in case of the physisald context), or a device/ service
message triggers an event (in case of ITC Contaxa)set of sensors in combination
of a set of rules and policies understand the gbal user and triggers an event (in

case of the user context).

At this point the execution workflows are basedimple home service scenarios and
demonstrate simple service execution including ipleltdevices. Also the context
acquired is limited to find the user movement rathan understanding the user-goal,
or to sense the current weather using a weathgorstather than downloading the
forecasting data from weather web services andilegthe weather forecast.
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5 Discussion

In this research project a number of other reseprofects and technologies were
surveyed in order to design and implement a uloggit context-aware framework

that orchestrates devices and services in a hommament.

The proposed solution and framework used the O8fce framework to support
the life-cycles and messaging between the homecesn\as it provides better service
discovery mechanisms and is much faster than thealyweb services technologies.
The framework proposed in this research project wak on the top of the OSGi
layers. That way it extends the OSGi functionabyyadding support for autonomous
device combination and interoperability, dynamierusterfaces, context awareness

and finally device orchestration using planers preddefined rules.

The following sections discuss the achievements rameel parts of this project in

more detail.

5.1 Achievements & Novelty

During this research project progress the followirege achieved.

5.1.1 Device Integration

A middleware framework has been developed thatlesatevice combination using
a web interface allowing users to enter simple gedtinglish sentences (e.g. Turn on
the lights at 10.00 in the morning) to configured arontrol a combination of two
devices. This framework orchestrates device cordifon and operation using the

OSGi framework.

Service adaptation and combination (novelty)Services are provided by devices. A
device provides at least one service but therel@veces that can provide two or more
services. For example, a digital satellite box peovide 6 different kinds of services:

accurate time service (each satellite transpondadss time signals taken from a
satellite’s atomic clock), video service, audio vés#, record/playback service,

Teletext service and electronic program guide servi service combination process
enables two or more different services to adapt @rdbine to create one or more

other services.
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Demonstrator Evaluation: The demonstrator 1 implemented during this project,
implements a method where different services pexbithy multiple devices can
interact each other by exchanging messages. O8fefrork was used and services
were easily converted into OSGi bundles, howevehig& demonstrator someone has
to pre-define each service capabilities and its patihle services. This
demonstrator’'s experiments showed that UPnP wasargtefficient. For this reason
UPNP tends to be used only during the only serdiseovery phase of the service

life-cycle.

5.1.2 Dynamic Interface Generation — Device Portals

The above framework was extended to support mene o device combination and
an interface generator that creates a dynamic aomtterface for the device

integrated service.

Dynamic interface generation for device integration(novelty): Multiple devices
combined into a new virtual service raises the l@mobof how a user interacts with a
new service as there is no pre-defined interfabés framework solves this problem
by providing methods to generate a new dynamiafete based on the capabilities
of each of the devices needed to generate theal/sauvice.

Demonstrator Evaluation: The second demonstrator implements this framework
successfully with the limitation that each devieemuinterface must be pre-designed.
A first approach to this framework was to autonthie virtual interface creation by
creating a service-to-interface data source thatldvonatch a service with a number
of user-interface components. For example the vipdager service would match with
the play, stop, pause, next, previous, interfacepmments. Then the UPnP discovery
mechanism would acquire the service name and dépmgbiand the service-to-
interface data source would push only the validriiace components for each service
combination. However, this was not efficient as tHenP information of each service
was not complete enough in order to correctly matchervice with its interface

components.

The final virtual interface of the device combioat is not pre-defined and is

constructed at the time the devices are combined.
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5.1.3 Context-aware Device Control

Sensors located on a user's body allow tracking afser in a 3-D space. 3-axis
accelerometers provide acceleration, velocity aosition of the user. Processing of
these measurements can sense additional actisite@sas sleeping, relaxing, walking

fast, running, etc.

User tracking in indoor environments (novelty): The user location measured by
combining the signal strength of networked senswasied by the user with
acceleration data produced by the user as he naovasd the home. RSSI (received
signal strength indicator) comparison and rankiechhiques and acceleration data
alone do not provide precise results for obtairtimg user location. However, RSSI
can be used to locate the user in certain housgidos (e.g. places close to the base
stations) and then accelerometer tracking techsiga® be used to track the user’s
movement and provide better tracking informatiorthes user moves away from the
base stations where RSSI value readings get sensitiobject reflections. A virtual
map of the room contains a number of areas wheig known that RSSI value
readings are correct without getting errors fromecbreflections. When the RSSI
readings match these areas a new tracking sessioitiated from that point. Then
the user is being tracked by the accelerometerimgaduntil another known RSSI

value is reached.

Demonstrator Evaluation: This approach was implemented in the third system
(demonstrator). This system implements user-cathteoatext awareness methods to
find and track user movement indoors. Sensor ltioita and efficiency led to a
number of different approaches in order to comptlei® framework. Beginning from
RSSI readings and triangulation using three antetmaxtensions of up to 8 antennas
and combinations of RSSI with compass and accederasensors, the final
demonstrator was efficient and capable of locativeguser in a room within a radius

of less than a meter.

Gesture-based scalable physical device control (nelty): Devices to be controlled
may be identified into a 3-D space when the uspbisting to it. The selected device
then can be controlled by predefined gestures éetilf. on the left of the user’s hand

may increase the volume of an audio device).
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An extension to the third system was another sysheingets the position of the hand
of a person along with its gesture. A simple apgpho@® this is implemented. It uses
the location determination technique of sectionM4t6gether with a compass sensor
that acquires the hand’s direction.

5.1.4 Policy Based Device Control

A policy based device control framework, identifidge user activities and goals
based on context driven and situated action modéder and device actions are
captured by sensors as events that trigger actmosntrol devices based on policies
in an Event-Condition-Action model.

5.1.5 Device Orchestration using Workflows and Pre-  defined rules

Proposed SOA lifecycle extensions develop and matiag orchestration of reusable
services in home environments. A set of pre-defindds and workflows drive a
device-service lifecycle from the moment a deviotess the home environment until

it is removed from it.

Planning device orchestration using rules/workflowgnovelty): Service discovery,
selection and configuration, during the first phagea service life-cycle, involves
querying UPnP information and pre-defined ruledfddent workflows manage the
service operation and maintenance (e.g. updatenfigarations) where the user’s
input is necessary only when something unexpectggdns (e.g. something that is
not defined in a rule). Finally, when the serviseniot needed any more, another
workflow dissolves it from the home environment arelconfigures dependent

services.

Demonstrator Evaluation: The last demonstrator was a combination of the
frameworks defined plus a new framework adding estfation of discovered
services. The orchestration workflow was desighedt and evaluated in two phases:
the service registration / de-registration and sbevice operation and maintenance.
The scenarios that were evaluated for this dematastsuccessfully show that rules
and policies are essential to orchestrate and ateomulti-services in the home with
minimum user-direction. The demonstrator's expentaeshow that complexity is
increased as the services workflow combines moreces, however fault control

frameworks can be used to decrease the numberoo$ ¢inis complexity occurs.
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5.2 Future Work

In this section the future work of this researcbjgct is presented.

5.2.1 Service Orchestration and Planning

The service orchestration planning process destrihethis document has been
limited to goal identification, plan creation phasend simple plan execution. There
are two missing phases that the service orchestralenner requires in order to be
complete: a plan execution phase and a re-planphgse. In current work, the
orchestration planner identifies the user goal emegtes a plan with the actions that
should be performed in order to reach that goals phan includes actions such as:
automatic or manual device configuration, devicenbmation, service operation and
user tasks. When the plan has been built it thedsian executor, a set of operations
that executes each action of the path (e.g. theratturn heating off” should be
translated into a controlled message that willruredtthe OSGi gateway to turn off the
heating). Re-planning is another phase that is ingsfrom the current service
orchestration planning. It is the process thatiggéred when a configuration in the
environment has been altered (e.g. a service uspdrticipate in the plan execution

is no longer available) or an unexpected situatias arisen.

Some challenges that arise in a complete servideestration planning process and

will be addressed in the future work are listethia following table (Table 5-1).

Service Orchestration Planning Phase | Challenges

Plan Execution During the plan execution a deviGy m
not be OSGi enabled and cannot |be
accessed by the OSGi gateway (e.g.|the
user may need to operate the device
manually)
A device may have crashed and provide
information that is not correct

Re-Planning Sensing that a device or seryice
configuration has been altered and there
Is a need for re-planning.

Table 5-1: Future Service orchestration planning chllenges

While service choreography across multiple devieggiires planning algorithms to
execute in each device or each home network’s aceede, service orchestration

requires the planning algorithms to execute in teway from where the service is
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controlled and from where the properties are wsibConsidering that service
choreography planning algorithms require an “opé&dS, some storage and a
processing power and, as many devices in the hawe hmited processing and
storage capabilities and they may not allow thiadty applications (such as planning
algorithms) to be executed, it is difficult for gleographic algorithms to run in every
home device. Thus, the best approach in managirtipteudevices in the home is

device orchestration.

Service orchestration across multiple devices naadsxecution environment, a place
where the orchestration algorithms will run and vehglans will be created, executed
and stored. For the future work of this projectyv&e orchestration algorithms could
be built and evaluated in a home service gatewdis gateway must follow these

requirements:

e “Open” OS architecture: The OS of the gateway malkiw third party
applications to run.

e Storage: The gateway should contain sufficient mgrfar plan storage.

e Accessibility. The gateway must be visible to tleeides and the devices must
be visible to the gateway. ICT resource demandiegjogs include various
networking technologies such as Bluetooth, ZigB®eFi, Ethernet and USB.
They can communicate with the gateway assuminglibtt the device and
the gateway have the same networking technologyveder, other home
devices that have low ICT resource requirementaatonclude networking.
The future work of this project investigates tecjugs for planning execution

with these devices.

e Service discover: The gateway should be able 4ooder devices that enter
the home environment and remove devices that asitthere are mobile

devices in the home.

Previous work in this project used an emulator xpeeiment with simple service
planning algorithms. The plan was created afteruger has input a rule or policy for
one or more specific services. The plan then wawged on an OSGi emulator
running on a computer and was stored until the ataulis shutdown. This work
could be extended in further work through the ufea anore complex planning

algorithm that allows automatic plan creation based policies and pre-defined
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constraints. The orchestration planning algorithwal@ation will take place in an

OSGi gateway situated in a house environment @e3tb

5.2.1.10rchestration using Business Process Execution Langge

A business procesds a collection of related, structured activities tasks that
produce a specific service (serve a particular )géal users. Considering this
definition of a business process, home tasks aniditees can be considered as
business processes that can be orchestrated usnBusiness Process Execution
Language (WS-BPEL) [68].

In a future work scenario, an OSGi gateway coukbke Web services for each
device event or action that is imported into a BRIethestration flow. The flow then

orchestrates a set of devices by invoking other \8&lices that are received from
the OSGi gateway and translated into device contegsages.

5.2.2 Universal Service Controller

Conventional methods to control devices requirersigo interact with the device
using its build-in user interface or using a remottrol to access the device
functions. Although there are universal remote astintroduced in the market that
can be used to remotely operate a group of devibese universal controls can

access only a specific type of devices (mostly Avides).

A universal portal controller framework is introdutto this project. This not only
enables remote control of a wide area of serviceb @evices, but also enables
gesture-based control of devices and queries ophbysical environment. A portal
controller could be a device that includes a nunabesensors and buttons that can be

wirelessly connected to a home gateway (e.g. SWITHP

For gesture-based scalable physical device cort®Igdevice to be controlled may be
identified in 3-D space when a user is points tosing the controller. The selected
device then can be controlled by gestures, for @kam tilt on the left of the user’s
hand may increase the volume of an audio devicethn application of a gesture-
based controller is the device combination in afdn drop” manner. For example a
user points with the controller to a room lightegges and holds the button on the
controller and move the controller towards the Tilesrholding the button. Then he
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releases the button while pointing the TV and a GV to display the house lights

configuration.

Table 5-2 lists some of the challenges that arisenwusing a device control as a

gesture identifier.

Challenge

Examples

Location of the controller
environment

in

th

eX, Y and Z location of the controller

State of the controller

Is it pointing up or dowwat is the)
angle? Where is it heading? North
South?

Accuracy of the controller

When the user pointsato object, how
accurate is this?

or

What happens when two or more devices
are very close and the controller accuracy

is not very good?

What happens when a device is on the

back of another device?

Table 5-2: Gesture-based universal controller chadinges

Some of these challenges can be addressed byataiguthe location variables out

from the controller's (Sun SPOT) sensors, others lma calculated and others need

additional sensors that are not found on the SUDTSHhe Y axis is easily retrieved

by the Sun SPOT accelerometer by measuring thetgifavce G on the Y axis. The

Sun SPOT’s location can be found by using 3 Sun TSR@se stations and

determining its position by measuring the signatrgjth. The heading of the Sun

SPOT can be found by using a magnetic compass agtemsensor attached to the

spot’s input ports. These magnetic compass sertgorsprovide us with accurate

measurements of the spot’s angle with an accurb@yld
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Sensor
T Fusion Service
sunspot . A Provide
—’ II

Base station / I 4 _
e Provide
Application S
logic ¥ .
9 Service
A
Provide

User GUI

Figure 5-1: Universal device and service controllemodel

The Figure 5-1 shows some of the components thdtidee built in a future work of

this project. Sun SPOTs send raw data to theirsbsisgions where the sensor fusion
component filters and computes context informaft@m the sensor raw data (e.g.
location). This context data can help determiner ygrls. For example the user
points to window, presses and holds the Sun SP@®rhunoves the Sun SPOT to
point to TV and releases the button can lead td: gbaw the weather forecasting on

TV screen.

These goals then are sent to the Planner moduleniiacreate a set of actions to
reach the user goal (e.g. show the weather foreragite TV screen). These actions
finally are sent to the application logic moduleigthcommunicates with the device

services.
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6 Conclusion

This thesis presents the research work towards mguitus context-aware
management of services in the ICT home. Surveyhef d¢urrent pervasive and
context-aware computing environments presents ttte-sf-the-art technologies and
architectures. However, the survey shows that &tiwihs exist in supporting device
life-cycles, device collaboration and orchestratibn addition, the technologies for
context acquisition, for example for user contecduasition, do not provide accurate
results or they require expensive equipment. Deviége not aware of each other and
are not aware of the services available in the henveronment, making it impossible

for devices to adapt to a dynamic user goal.

To solve the above problems some methods have fregosed in this document.

These methods can be divided into two categories, first category proposed

methods to identify a user goal based on the cugentext and any corresponding
situated actions while the second category propasethods to make a plan of
actions distributed in devices, services and usemsder to reach the goal specified
from the first category. A number of algorithms baveen proposed that support
device orchestration, device selection and dynameéface generation that will lead

to more ubiquitous operation of current home ses/id hese algorithms include the
rules/workflow design and implementation of devmmehestration framework, the

XML-XSD Schema for device discovery and interopéditgband the UPnP extension

with custom user interface components that leadrtoal user interfaces. Also, some
methods have been proposed regarding the contguis#on mostly on the user’s

domain. Some examples include methods to identiy wser identity and user

location. The future work of this project presettie system architecture and the
framework that will support the current architeetun order to meet the requirements
of this project.
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Appendix A

Demonstrator 1:

The first demonstrator of this project presentsemiak interoperability framework
where a description of services exposed by devigestored into a simple XML
knowledge base. The system queries this knowledge to make service-to-service
matches. The next figure shows how the lights serean be matched with the timer

service.

{Z -KerberoS - Policy Manager Control Panel ver. 0.1 - Windows Internet Explorer

@\ 2w | httpejflocalhost:8080/pm/controlPanel, do?service ] =lightstservice2=timer&naturalLangstr=gstartH=058startM=048stopH=038stopM=444

 File Edit View Favorites Tools Help

W ﬁ'ﬁ? |§ - kerberoS - Policy Manager Control Panel wer, 0.1 | |

Select the services to link

[Thghs  v] [0.tmer ¥

Configure the Service

Natural Language String I;
Translator message: no input
No of Actions: 0
\Start Time: | 08 ¥ Hour |04 % Minute | Time now: Wed Dec 19 05:36:06 GMT 2007
Stop Time: | 10 ¥ Hour | 44 ¥ Mimte
Save Configuration []
Apply Configuration []

| Apply Changes

Figure A-1: Demonstrator 1. Two services are combid and configuration information has been

entered

On another run of the demonstrator, a service liagt not compatibility with any

service is selected. The system interface doeallwot any match.
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~ . KerberoS - Policy Managser Control Panel ver. 0.1 - Windows Internet Explorer.

@n\—j - |g, http:fflacalhost: 3080 /pm/controlPanel do?service l =camer asiserviceZ=noServicefnaturall angSkr=8startH=00&startM=00&stopH=002skopM=00

File Edit  ‘iew Favorites Tools Help

52? %Q? [g - Kerberos - Policy Manager Control Panel ver, 0.1 [ |

| Select the services to link

| 2 cameras .V.| | 0. noService ¥

i Configure the Service

Natural Language String | |
Translator message: no input
No of Actions: 0

[No configuration data available i Time now: Wed Dec 19 05:38:22 GMT 2007

Save Configuration [
Apply Configuration []

| Apply Changes

Figure A-2: Demonstrator 1. Camera service cannotécombined with other services
Finally, another approach for a more automatedaoperability system was to allow a
user to input a command that matches the two svés a phrase in English. The

following figure shows a simple scenario of thigpagach.

erbero$ - Policy Manager Control Panel ver. 0.1 - Windows Internet Explorer

—
@ S |§, http: fflocalhost: 3080/ prfcontrolPanel. do?service | =lights&service2=timeranaturall angStr=turn+on+the+iohts+at+8% 3425+ and+Hurm+off+the+Hights+at+ 12

i File Edt Yiew Favorites Tools  Help

i iy e . '-.—- = 1
e & |52 |+ | 8- Kerberos - Policy Maniag.,. 3¢ {7 ) address not valid | |

I Select the services to link

I 1lights v Otmer v
' i

I Configure the Service

Natural Language String lturn on the lights at 825 and turn offthe lights at 12:32 |
Translator message: stop time 12 stop min 32

No of Actions: 2
Service one: lights
Service twotimer
start- 0825
stop:1232
Start Time: | 08 % Hour | 25 % Minute | Time now: Wed Dec 19 05:40:34 GMT 2007
Stop Time:l 12 % Hour |32 V!L_\vﬁnute |
Save Configuration [
Apply Configuration []

Apply Changes

Figure A-3: Demonstrator 1. Input service configurdion expressed in natural language.
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Prototype 2:

This prototype extended the Prototype 1 by addipR discovery methods and
virtual user-interface capabilities after the mudgvice combination. As the next
figure shows, the Service Discovery section presewery service publishes itself
through UPnP. By adding the service its UPnP desoni (XML message) is stored

in memory and the service is moved to the Configomasection.

Policy Manager ver 0.2

File Help
Senvice Discovery

Discovered Services [Philips DVD Recorder - | Add Senvice

Configuration

ight Service
Timer Sernvice
Webcam Senvice
DVD Player Senvice
Television Service

Add Clear

Interface

Misc.

Create Policy

Figure A-4: Demonstrator 2. Initial state where tte services have been discovered

When one of the available services is added toritite list, its status changes to
active and the virtual-interface mechanism drawsniterface. On the next figure only
one service is selected thus only its interfageesented on the interface section.
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& Policy Manager ver (0.2 [':”'E|E|
File Help

Semnvice Discovery

Discovered Services |Philips DVD Recorder |+ Add Service

Configuration

Light Senvice
Timer Service
Webcam Service

WD Playver Service

DVD Pl it —
PEELSOIVIER) | ad Clear
Television Senice e
interface
Play Pause < = Root Menu
Misc.

Create Policy

Figure A-5: Demonstrator 2. One of the discoveredesvices is selected and its interface is
displayed.

Later the Television Service is selected togethigh whe DVD Player service. The
TV Service adds more settings and capabilitieshto dlready existing DVD user-
interface. Next figure presents a screen captureghef demonstrator after two
compatible services are selected.
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Policy Manager ver 0.2
File Help

Service Discovery

Discovered Services [Philips DVD Recorder - Add Senvice

Configuration

Light Senice
Timer Service
Webcam Senvice
DVD Player Service

OO Flaver Service

Television. SEMEE._ hl_:_l_di Clear elevision Service
Interface
Play Pause == =2 Root Menu
Volume Level ! L) .
Brightness Level ¢ i .
Contrast Level | [k ]

Misc.

Create Policy

Figure A-6: Demonstrator 2: When two of the discoveed services are selected, a dynamic

interface containing components of both the two seices interfaces is displayed.
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Glossary of Terms

Bundle

CClI

CHI

Orchestration /

Choreography

OSGi

RMI

RPC

SOAP

A bundle is an OSGi term for an application or comgnt. It is a
discreet software component. Some of this projemtnéworks’

application layer is a set of OSGi bundles.

Computer-to-Computer Interaction. It is the intéi@t process

that takes place between two services.

Computer-to-Human Interaction. The interaction lsstw users
and computers. Users may interact with the compoyeusing a
user-interface or the computer may sense the uaetisns using

Sensors.

Co-ordination of events in a process. Overlappiitt) the related
concept of choreography, orchestration directs mathages the
on-demand assembly of multiple component servitesyreate a
composite application or business process. Ordchtestrtends to
imply a single co-coordinating force, whereas cbgraphy also
applies to shared co-ordination across multipleomutnous

systems. After evaluating several competing spmtibns,

mainstream sentiment is now converging on BPEL4AV¥Sha

core standard for web services orchestration.

Open Services Gateway Initiative. A Java-basedifpetoon that
describes a runtime and component model. This relsgaoject’s

prototypes run on an OSGi implementation called pfleofish.

Remote Method Invocation — a specification for RE€mote
procedure calls). The client can invoke methods aloects
remotely residing in the server, possibly passingrimitives or

objects as parameters and receiving a primitivebgect as a result

A method a program can use to make a call to angdlregram
across a network without specifically dealing wittetwork

protocols. It is often used for printing acrosseawork.

SOAP is a protocol defining how XML-encoded infotiroa can
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Sun SPOT

UDDI

WSDL

XML

XSD

be passed using the web-standard hypertext tramsfeocol
(HTTP).

Sun Small Programmable Object Technology is a es®lsensor
network (WSN) developed by Sun Microsystems. Theicgeis

built upon the IEEE 802.15.4 standard. Unlike otheailable

mote systems, the Sun SPOT is built on the Squawé Yirtual

Machine.

Universal Description, Discovery and Integrationspecification
for development of global online directories angdistries of Web
services. UDDI allows organizations to registerirthechnical
specifications (such as integration profiles angatdities) and
then identify the specifications of others.

Web Services Description Language. A standard biglwh web
service can tell clients what messages it acceptsadich results
it will return. WSDL is an XML language which iset by service
interfaces and protocol agreements, among othersjdscribing
access to Web Services. WSDL is independent frenutiderlying

service implementation language or component model.

Extensible Mark-up Language. XML is a specificatdeveloped
by the W3C and is a mark-up language for structdamiments

XML Schema Definition (language). Used to define #ithema for

an XML document. An XSD file will have a .xsd figsxtension.
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