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Abstract

While the main objective of the ASK-IT project i tncrease independence of mobility
impaired users during trips, the integration obandtic system is a valuable addition. It helps
to make the ASK-IT services more accessible whenuger is at home, taking into account
the user's specific impairment. Additionally, domosystems also increase the feeling of
safety and security by letting the user check thte of their home while being on the move.

As of today, no common standard for a domotic sydt@s been established. Instead, many
different, typically incompatible systems are cotimpgin the market. Also when considering
technical aids for mobility impaired users, there @arious isolated solutions available. This
situation presents a massive challenge to the ASKrbject. Taking decision for a single
existing domotic system may rule out a number efulslevices. Because the whole ASK-IT
platform is not specifically targeted for domotjpdications, it is also not to be expected that
third party manufacturers will adapt their devicesvork with the ASK-IT platform in the
immediate future.

Another hurdle is that installing new wires to ceondomotic devices is not always an
adequate solution. Using radio frequency or pouwer-l(“no-new-wires”) is often more
applicable, reducing installation effort and costs.

In this paper, we present a domotic system whichesses these issues. The system employs
a high speed, high complexity IP Backbone runnimgopen protocol for inter-device
communication. A Residential Gateway interfacesIth®ackbone to the internet and to the
ASK-IT services. Interface units (Local Control tf)iare used to integrate various domotic
devices into the IP Backbone and furthermore ine0bASK-IT platform.
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1 Introduction

1.1 Why Domotics?

In general, domotic systems will help to increase tuality of life of mobility impaired
persons (Ml). Today, “off-the-shelf’-systems aresably available to assist in daily life, e.g.,
to turn on lamps when entering the room or to galeea warning (using acoustic signals or
visual messages) when leaving the home while tbeesis still turned on. Less obvious
domotic systems are found in numerous houses, auelr conditioning and heating systems
controlled by a central console.

For mobility impaired users, there are many spedlutions to help them inside their
homes. For example, persons unable to move theigrdpnbs can use their voice to control
their environment. Blind users could obtain infotima on their home through spoken
language coming from a speech generating device.

Combining the ASK-IT internet services with a doinatystem generates a considerable
amount of synergy. For example, the domotic systeay use the ASK-IT platform to expose
its functionalities to the user on the move anaitain centralised information on the users
preferences. On the other hand, a domotic systeynemable ASK-IT to offer services using
domotic devices and user interfaces.

To illustrate how the interplay between ASK-IT imtet services and the domotic systems
works, two different cases will be distinguishedhEr the user is at home or the user is on
the move.

1.1.1 The “at home” Perspective

While the user is inside his home, the domotic esystnight offer a number of enhanced
features based on the ASK-IT platform. For exampglaphical displays could be used to
remind the user of appointments or of other daibligations, like taking medicines.
Alternatively, the information could be provided lay speech generator or other means,
depending on the user's abilities. Information matyonly flow from the ASK-IT platform to
the domotic system, but also the opposite direacbiders many benefits. The devices inside
the home may be used to perform simple monitoroigs,j informing the ASK-IT platform
about certain events. For example, an electron@r dould recognize when the user leaves
his home. The ASK-IT platform could automaticalhtiate a connection to the user's mobile
phone or PDA to offer travel assistance such as tables for public transport or options to
call a taxi.

In a graver scenario the domotic system may repatie ASK-IT platform when a user has
not used any domotic device for a period of timelevbeing at home, because this might
indicate a case of emergency. After failing to eshtthe user, the ASK-IT platform would

initiate an emergency plan, e.g. by calling a ntodeok after the user.

1.1.2 The “on the move” Perspective

Being on the move, the user is able to communiadte the ASK-IT platform using a PDA

or mobile phone, to see what is happening insigehbme and also to control the domotic
devices through the ASK-IT web interface. For exenafter leaving his home, the user may
check if he has turned off the stove or if the vawd are closed (common questions not only
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for mobility impaired users). Additionally, he maiter device states. Another example is that
the user turns on the heater before coming backehdime domotic system could also send
messages to the user's PDA or mobile phone autcatigtifor example to remind him that he
left his home while the windows are still open.

Features provided by the interplay of ASK-IT andnddics are increasing the perceived and
the actual safety of the user. Being able to chikekstate of the home could remove worries
from travellers. Furthermore, the ability to comtdomotic devices by remote could prevent
real danger such as a forgotten stove that caarbed off.

1.2 State of the Art

A large variety of different and mostly incompagéitlomotic systems exists today [3, 5], such
as Konnex/EIB [9], LonWorks [7], LCN [14] or HS488]. Every domotic system specifies

its own physical communication media and commurooaprotocol. In the area of systems
for mobility impaired users, many isolated and imgatible solutions exist on the market.

Furthermore, numerous isolated, but neverthelegglligent” and communicating systems
are already installed in modern households, likaihg or air conditioning systems or remote
control sets for “brown goods”. Because every systeses its own standard, integration
becomes more and more necessary.

For the installation of new systems, wireless amagr-line solutions are preferred (“no-new-
wires”), because in most cases existing houses haviee retrofitted. As for wireless
solutions, there are many different standards wahying complexity, e.g., Bluetooth [6],
Zigbee [12], or Z-Wave [13]. Examples for powerdigolutions are Powernet EIB (Konnex
PL110) [15], serve@home [10], or X10 [16].

2 The ASK-IT Approach
Dom_otic systems integrated into the ASK-IT platforhave to meet the following
requirements:

» they have to be affordable,

* it has to be possible to install them without iistg new wires in existing homes,

» they have to enable the integration of existing didersystems and devices,

» they have to support an easy maintenance procedure.

Next to the plain hardware setup, a domotic systesds a considerable amount of logic to
control all the devices inside the home. This aankogic might range from very simple
scenarios (e.g., "turn on the light when the swiscket to ‘'on™), to very complex behaviours -
especially when considering the features providethb ASK-IT platform.

Two different types of control logic will be poit@ut:
* simple Boolean logic (e.g., turning on a light wieeswitch is set to ‘on’),
* event based logic (e.g., motion detection contddiights).

The control logic required for the domotic systeas o be formulated and implemented.
Basically, there are two considerable implementataptions: either the logic can be
centralised in a single unit (e.g. a PC) or it dmn distributed among different devices,
meeting certain capability requirements.
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Centralised systems are easier to maintain thdnhdiged systems. The catch of centralised
systems is always that damages in case of malametie severe: when the central server
fails, most of the domotic devices will not workepected. In general, failures in distributed
systems cause less damage: the failure of a stogliol unit would only affect a part of the
house (e.g. a single room), which is a much mooem@able situation than the whole house
malfunctioning.

For the integration of domotic systems into the ASKplatform, we propose a multi-level
solution. The core of this solution is an IP-basedtkbone network (théP Backbone),
interfaced to the ASK-IT platform using a gatewdlge(Residential Gateway). Network
adapters (thd.ocal Control Units) are responsible for the integration of non-contybat
domotic systems and devices as well as for runtliegontrol logic of the domotic system.

2.1 Global Network Topology

From a global perspective, the entir - N T
ASK-IT network falls into two 7 ) ‘/J—K

separate networks: a\ide Area

Network (WAN) and alocal Area : ] Domotic
Network (or Domotic Network). The . WAN Network
Wide Area Network is used for the [ (ASK-IT) | Rescena

Gateway

ASK-IT services, while the Domotic
Network is used to interconnect th \ .
domotic devices (e.g., white or

High Complexity Network Low Complexity Network

brown gOOdS' medla Centres o - Wide Area Network In-House Communication Media: >
.g. GSM, POTS, Int t etc. Bluetooth, P line, Twisted Pair,

PCS) A gateway — the SO_Ca”e( eg nternet etc [Slltlic_)o owerline, Twisted Pair,

Residential Gateway — binds both _

networks together (see Figure 1). Figure 1 - ASK-IT Global Network Topology

The communication flow is as

follows: If the ASK-IT platform has to query thercent state of a domotic device, it has to
contact the Residential Gateway. The ResidentiédWsy forwards the request to the specific
device in the domotic system. The response ofdéisce will be sent back to the Residential
Gateway, in order to be usable by the ASK-IT plaifoThe inverse mechanism is applied
when a domotic device needs information from th&AS¥ platform.

2.2 |P Backbone

The basis of the domotic network is provided by RmBackbone, using thdnternet Protocol
(IP). The IP technology has a number of advantageding it also very suitable for home
networks:

* Products using different physical media are avélan the market (e.g., twisted-pair,
power-line etc.),

» it offers high bandwidths, so it might also be usmdmulti-media services,

* |IP is a mainstream technology, bearing inexpengix@ducts with an excellent
availability.

A major requirement for our domotic system is tihaan be installed without installation of
new wires. The IP technology offers a variety ofusons: the backbone network may be
implemented either by wireless communication (WilpQwer supply wires (Powerline), or

4
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by twisted pair Ethernet (Ethernet might be insthlin newly constructed houses from the
beginning).

The high communication bandwidth provided by th&éedent communication media is
another beneficial aspect of IP based networks.|&\iie majority of applications in the
domotic area will generate only small messagesoat frequency, bandwidth intensive
multimedia applications are becoming more and nomm@mon. In context of the ASK-IT
project, it would be possible to illustrate travelites as animated movie clips, streamed from
the ASK-IT server to a terminal inside the homeubing the same network infrastructure.

Because IP is a mainstream technology, producits) wgireless or power line communication
are available on the market, offering a very goedlability and good prices. Consequently,
it is to be expected that IP remains as a stantiridnology for many years to come,
especially when considering the global importan¢as achieved in form of the internet.

For the IP Backbone of the Domotic Network, an op®&fL/SOAP [11, 17] based protocol
will be used, such as DomoML [2]. Domotic deviceporting this open protocol may be
attached directly to the IP Backbone. This incluttes Residential Gateway as well as other
complex devices such as media centres.

2.3 Local Control Units

In order to incorporate devices or domotic systeémshe IP Backbone, interface devices
(Local Control Units, LCU) are inserted into the network infrastructuf@e major tasks of
the LCUs are:

» to give (incompatible) domotic devices their owdéntity” in the IP Backbone,

* toimplement a custom-specific control logic.

mnnn‘ .

An LCU provides two or more
ports for different communi-
cation systems. The first port is
an IP connectorpfimary port),
connecting the LCU to the IP
Backbone. The other port(s)
(secondary ports) are used to
attach the domotic system to the
LCU, e.g, HS485 [4],

Figure 2 - Local Control Unit Interfacing Devices LonWorks, or Konnex. The

LCU manages all devices

attached to its secondary port and implements aesaclayer, making them transparently
available to the IP Backbone (see Figure 2). Imaijethe LCU provides the following
features:

* mapping all domotic devices (attached to the seamgngorts) to unique addresses on
the IP Backbone,

* making the services of domotic devices availablé¢henlP Backbone,

e associating messages on the IP Backbone with thmfilo devices on the secondary
ports,

e translating messages between the XML/SOAP lang@ased on the IP Backbone)
and the specific protocols used by the devicehersécondary ports.
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While the assignment of unique addresses is a sitapk, the remaining features will require
specific knowledge about the domotic device. Thié ke implemented by aevice driver
model, encapsulating the specific communication procesllny a standardized interface. In
this sense, device drivers are working exactly likeir namesakes in common operating
systems.

Exemplarily, we want to attach a lamp to an LCUngsa simple domotic bus system. The
LCU assigns a unique address to be used on the@dRbBne, and it starts a specific device
driver for the lamp afterwards. Depending on the& lsystem, the device driver may be
selected automatically by identifying the deviceotlgh bus specific class or device IDs
(plug-and-play behaviour). Alternatively, the device driver may be selectednually by the
user or installer. In either way, the matching devdriver has to communicate with the
domotic device to expose its functionalities andperties to the IP Backbone. In case of a
lamp, it may deliver the name and/or location anehean icon to be displayed on a graphical
user interface. Furthermore, it forwards controbsages (likeurn on or turn off) from the IP
Backbone to the device.

The control logic implemented by the LCU is a piexfesoftware that when triggered by
internal (e.g. timers) or external (e.g. switchesgnts, sends commands to the connected
devices. Continuing the example from above, thetrobrogic could wait for an event
triggered when the front door is opened. It maydsemessage to the living room light to be
turned on, and it may start a timer of one miniftan event is coming from the light switch
during this period, the timer is cancelled; otheevihe LCU will send another message to the
light in order to turn it off.

2.4 LCU Implementation

The requirements on the hardware of the LCU aree sté the art. The main hardware
components are (1) a connector to the IP backkb@)ene or more secondary ports for the
domotic devices, and (3) a microcontroller. In cast, the software is relatively complex. It
has to provide the communication protocol, varioesice drivers, and the control logic.
Additionally, it is a strong requirement that akwice drivers and control logic may be
updated in the field during system lifetime.

Our solution uses the JAVA programming languagamplement device drivers and control
logic. JAVA has many advantages, qualifying it thrs task. Most prominently it uses a
platform independent bytecode, executable on argwaae or operating system that offers an
adequate runtime environ-

ment. The main COMPONEN{Y e ceatemn T wotcmge eves e
of the runtime environmentfuee. * ** ***

125 Control/IDE - [C:\Projeki JavalArbeif\Test\Netsimulation\Netlist Project. jep] Q

Smain 23 $test % O

are a bytecode interpreter an CR— jnawjzmm -
a core class library. Both can_ -
be implemented on the basis L Pt B

T

of compact embedded
platforms [1, 8] as well as o
standard PC systems. Thg
software components runni
on top of the bytecode
interpreter (like the device
drivers or the control logic
can be run independently of|a
specific hardware 0

> Switch2 T}

- Lamp
Switch3 )}

CO LTI
il to ol
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'
v

Figure 3 — Jcontrol/NetEdit
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operating system. Thus, a device driver may beagad to completely different hardware
platforms — an important prerequisite for softwegase strategies. Additionally, JAVA is a
relatively comfortable and robust programming laanggias compared to C/C++ or assembler.

While the device drivers have to be implementedabgoftware developer writing JAVA
code, the control logic may be modelled using cotafide graphical tool software. This
becomes possible because most of the control tagicbe reduced to simple Boolean terms,
I.e. Sign = Swien (1O turn the light on as long as the switch iste€on"). To control a light by
three independent switches, a simple XOR logic lvarused, like S = S + Sswitcne +
Sauiene  Figure 3 shows the DOMOLOGIC tool JControl/Neti=girepared to model the
control logic of a domotic system. The tool autacelly converts the graphic design into
JAVA code, understood by the JAVA bytecode inteigireln the same way as the lamp is
switched, messages can be issued to the ASK-ITopiat for example, when the user opens
the door and leaves his home.

Figure 4 shows a prototype of the __
ASK-IT specific user interface, |t
easily operated by a touch panel. As
a domotic system, it will support

HS485 and Konnex/EIB networks E MY HOME
for the proof-of-concept phase.

25 Example [ =0 d"

The following example illustrates E—
the interplay between the ASK-IT

platform and the domotic system. In

this abstract setup, user John is on
the move to another country. The
relevant parts of the domotic

system installed in his house are an
automatic door lock, a door bell and
a camera installed besides the front Figure 4 - ASK-IT Touch Screen Interface Prototype

door. The door lock and door bell

are HS485-compatible devices, connected to the LT3lg. camera is an IP device, attached
directly to the IP Backbone.

While away from home, John receives a messagesomabbile phone that someone rang his
door bell. He enters the "domotics" section of ABK-IT user interface, running on his
mobile phone, and checks the front door cameragivim a picture of the person waiting in
front of his door. He recognises his sister wha toim before that she would come to his
house to pick up some tableware she wanted to lésidg the ASK-IT interface, John opens
the front door remotely to let his sister in.

Altogether this example consists of three sepatatemunication cycles: First, ringing the
door bell provokes a message to John's mobile phSeeond, John requests an image
produced by his front door camera. Third, he s¢he€ommand to open the door.
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From a technical point of view, the following stegacur when John's sister rings the bell (see
Figure 5):

1. The ringing of the door bell triggers a messagéhenHS485 bus.

2. The LCU generates a corresponding XML/SOAP evenssage, addressed to the
Residential Gateway (RG), in order to contact tis&AT platform.

3. The Residential Gateway turns the message intossage compatible with the ASK-
IT platform specification.

4. The ASK-IT platform sends a message to John's m@hibne.

SOAP Hs485
‘@‘ 1
@ ﬁ\@)

Figure 5 - Communication Flow 1 Figure 6 - Communication Flow 2

ASK-IT
plattform

Requesting a snapshot from the front door camer&saas follows (see Figure 6):

1. John establishes a connection to the ASK-IT platfaver his mobile phone's web
browser and selects the "domotics” menu. The ASKsdtform displays a menu
showing all the devices in his home.

2. John selects the camera from the available devides.ASK-IT platform will now
send a request via the Residential Gateway (R@&)etcamera.

3. The snapshot is transmitted via the Residentiab@ay and the ASK-IT platform to
John's mobile phone.

Hs485

LCU

Figure 7 - Communication Flow 3

Finally, John wants to open the door for his sigee Figure 7):

1. He returns to the main "domotics" menu of the ASKaleb front end and selects the
door and following the option "open".

2. The ASK-IT platform sends a request via the Regideateway (RG) to the door
lock to open.

3. The Residential Gateway translates the requespassks it to the IP Backbone.

4. The LCU, receiving the request by the IP Backbamerprets the message and turns
it into an HS485 message to unlock the door by 483Snessage.
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3 Conclusion

In this paper we outlined the synergy generatethbycombination of ASK-IT and domotics.
We propose a technical solution, taking its beseéf relying mainly on main stream
components while being able to integrate existiomatic systems and devices. The control
logic of the domotic system will be run distributegd embedded JAVA platforms, thecal
Control Units. Drivers for specific devices can be implementedAVA, the logic behind the
domotic system will be configurable by a graphicsér interface.

By making the API and the protocol specificationaikable in the future, third party vendors
will be able to implement their own drivers or logiomponents. The software components
may be delivered with a device and uploaded to@lLGontrol Unit automatically.

On the long term,AK-IT enabled devices or device groups can be developed and
commercialised by third parties. This would simpliheir integration into the ASK-IT
platform, because the devices could be plugged tinéonetwork without any additional
hardware or configuration.
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