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Abstract

This paper presents the prototype of a universal model for implementing the smart home. In this
model, computers and various digital devices form a single network that operates at a high level of
intelligence to provide and manage common services. The universal model includes a standard
framework that will enable hardware and software vendors to develop consumer electronic (CE)
devices that connect easily to the smart home network. An eHome server stores and controls data while
various information technologies connect home devices and appliances to the network's PC. A set of
definitions is formulated for the user interface (Ul), operations and management (OM) and artificial
intelligence (Al) modules. For each component, a set of standard properties and interfaces was defined
to create a seamless experience. The main contribution of this model is that it offers a possible solution
to many of the hardware and software design issues in the eHome environment.
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1. Introduction

As computers become ubiquitous in the home, the question arises as to how they can be used
to improve our standard of living. Can computers help us become more efficient in the home? How
can computers help provide the basis for a new means of communication and entertainment in the
home? Researchers have investigated the possibilities of the connected home [1], [2], [3], but the
technologies also need to be explored in the context of the home as an intelligent environment, in
which people use computers to enhance their day- to- day home experience. Technology is
becoming ever more pervasive in households around the world and the PC; in particular, once
owned by a small number of early adopters is how a common feature in homes around the world. In
the USA, for example, PCs are to be found in more than 80% of the homes®. In addition to PCs, we
see that such “smart” devices as security cameras, remote controlled lighting, and mobile phones are
very popular and a common feature in many homes. With the introduction of such technologies as
Bluetooth, as well as RF and new power line standards, smart devices are becoming increasingly
connected. As interconnectivity increases, we can expect to see greater coordination among devices.
The first signs of this trend are already evident in such specialized devices as MP3 players that can
transmit over telephone lines to a stereo system in another room.

Today, the main challenge is to create a simple and seamless software connection between all
new devices, and to ensure that the devices work well together in generating a new set of functional
scenarios for users. At present, digital devices are performing separate tasks. For example, a digital
camera takes pictures and a webcam captures video on a PC. Since they are standalone devices, one
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cannot view images from the webcam on the digital camera screen. And yet, if it were possible,
there are considerable advantages to observing a webcam scenario on one's digital camera.
Consider, for example, the benefits of monitoring infants in other rooms in the house.

scenario is light control in the home. At present lights are connected to a
central control unit. But why not connect them to the various monitors that are now to be found in
most houses (such as a PC monitor, alarm system monitor, television monitor, etc.)?

An environment in which several smart devices are connected together is termed an intelligent
environment [4] or ubiquitous computing. Most existing research focuses on technologies that
facilitate intelligent environments such as speech-enabled computing, wireless computing, etc.
There is comparatively less research on how these devices can be easily connected and form part of
a standard home network. While it is important to develop new devices, it is also necessary to
ensure their interconnectivity so as to provide users with the possibility of maximizing the potential
of these devices. Our research is based on a universal implementation model for the smart home [5].

The proposed smart-home architecture, described in detail in [5], comprises four modules

Another useful

(Figure 1):

e Central Management Units (CMU)

e  User Interface (Ul)

e Home Equipment and Appliances Interface (HEAI)
e External Communication Interface (ECI)
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Figure 1. The smart home model architecture
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Figure 2. CMU components

The CMU components (Figure 2):
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e  Operating System (SHOS - Smart Home Operating System)

e  The Smart-Home Database (SHDB)

e Al (Artificial Intelligence) Engine or Home Intelligence (HI)
Application Services (AS)

2. The model implementation
2.1. Research goal

This research explores the reality of a fully networked home based on the proposed universal
model for a smart home. The universal model will make it possible to easily integrate many devices in
the home using standard protocols and a standard user interface (Ul). These standards will provide
hardware and software vendors the opportunity to work within a single framework to connect devices
in the eHome. A central concept in the model is “home intelligence” (HI), a set of Al applications that
monitor and react to complex scenarios. For example, a smart home might learn the typical behavior of
a home and issue an alert when someone is badly injured.

2.2. Events

Events describe and define the behavior of the intelligent home. The event publishing definition is a
set of functions and properties that defines events that might be useful in the eHome environment.
Events might be related to security, health, convenience or any other practical issue. The event
publishing model will enable centralized management and monitoring of all events, leveraging main
alerts and obtaining input from several devices at the same time. For example, an alert could be
initiated if, when the front door is locked and the house is presumably empty, a window is being
opened. The events are implemented as software modules either by pre-programming or by the
eHome_HI_module’s Al learning and reasoning capabilities.

An event is defined as a set of properties and functions (the object-oriented approach):

e Event Name: a description of the event name

e Input Devices: devices inside the eHome that trigger an event

e Event Triggers: functions that return TRUE when a trigger is invoked

e Output Operation; another function with the desired output operation

e Output Alert: As stated in the previous section, the eHome Main Alerts defines the Ul
for main alerts. If an event requires an alert, Output Alert describes the alert.

2. 3. Implementation considerations and the model prototype

The implementation of the Smart Home prototype includes detailed database design, server-side
functions and sample devices. In order to ensure standardization, the implementation architecture uses
standard Web-services as the communications standard between devices and the eHome server. The
Web-services definition might be used as the standard for connecting devices to the eHome
environment. For each Web-service, there is an XML standard definition which could be implemented
by device manufacturers.

A prototype of a connected home model can be found at http://www.liorzehome.com The
application design is based on Object-Process Methodology (OPM) [6] - developed using Visual
Studio 2005, SQL Server 2005, .NET architecture and OPCAD. The link "Web Services" links to the
implemented Web-services using the simple OPDs (Object-Process diagrams) described in this
research. Clicking on each diagram element invokes the relevant Web-service for testing purposes.
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Figure 3. The prototype of the connected home model -
http://www.liorzehome.com
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Figure 5. OPD of eHome_HI (Home Intelligence)

Figure 6. OPD of eHome_Ul (User Interface)

Object-Process Methodology (OPM) [6] is a comprehensive novel approach to systems engineering.
Integrating function, structure and behavior in a single, unifying model, OPM significantly extends the
system modeling capabilities of current object-oriented methods. Founded on a precise generic
ontology and combining graphics with natural language, OPM is applicable to virtually any business,
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engineering or science domain. Relieved from technical issues, system architects can use OPM to
engage in the creative design of complex systems. Figures 4, 5, and 6 use OPCAT, a software product
that supports OPM-based conceptual modeling (www.opcat.com) to describe the functionality of some
components of the smart home.

2.5. Scenarios
Following are some scenarios that describe the functionality and behavior of the
smart home in different situations:

2.5.1. Personal Health Scenarios: Table 1 presents a range of typical healthcare
scenarios in relation to various inputs and outputs.

Table 1. Healthcare scenarios

Event Triggers = Output Operation Output Alerts

Input Devices

Event Name

Sleep alerts Video camerain the If a person hasa ActivateeHome alarm eHomealarm.
bedroom. For babies: a breathingproblem  and possibly
'‘Baby Sense' sensor. orhas stopped communicatethisto
breathing. anexternal contact.
Medicine Medicine database Everytime a person None Areminderis
reminders needsto take displayedinthe
medicine, anevent eHome main alerts.
istriggered
Body Thermo-Camera If the body None Analertis displayed
temperature temperature rises inthe eHome main
(IR) above a defined alerts.
level

Table 2. Security scenarios

Event Triggers Output Operation Output Alerts

Input Devices

Event Name

Video camera at the None

entrance

Analertis displayed
inthe eHome main
alerts.

Entrance control When someone appears at

the entrance

Physical intruder
detection

| Network intruder
detection

Car control

| Pet GPS monitoring |

| Motion detectors,

| Intrusion detection

video cameras

software

Car motion detector |

Pet GPS WiFi control |

| Different triggers are

defined accordingto the

time of day and whether or

not a family member is
inside the house.

| Network intrusion detected

Broken window or door
opened without a remote
control

When the petis outside a
defined area without
permission

Release gas against
intruder, contact family
members or a security
call center

Disconnect network

Lock door, contact car
owner

| Contact owner

" Analertis displayed
inthe eHome main
alerts.

| Analertis displayed
intheeHome main
alerts
Analertis displayed
inthe eHome main

| alerts
An alertis displayed
inthe eHome main
alerts

2.5.2 Security scenarios: Table 2 presents a variety or range of home security scenarios that
the eHome and eHome_HI will be capable of handling. In dealing with these events, the
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eHome functions like a smart alarm system. Sensors such as video cameras are used by the
eHome_HI to analyze video input and trigger appropriate responses.

2.5.3. Home entertainment and home automation scenarios

Event Name

Table 3. Home entertainment scenarios

Event Triggers

Input Devices

Output Operation

Output Alerts

New digital photo

When adigital camerais
connected and has new
pictures

Digital camera

Syncpictures to home
server

Analertis displayedin
the eHome main alerts

eHome movie scenario | Light control When a family member Turning lightsinto movie | None
touch a specific control mode, turnon TV, turn
onsound system
Table 4. Home automation scenarios

Event Name

Input Devices

Event Triggers

Output Operation

Output Alerts

eHome lock

eHome open

[ Temperature Control

e rocery shoppi nglis{

| Bath control

Digital art and pictures

Front door Unlocked (might be iris

recognition device)

Frontdoor Door locked and empty

house

In-house temperature
controls

Temperature range
setting

Smart .Re.fr]gerator Groceryinventory
belowa pre-defined
level

eHome server Secure phone call /

email / http request

eHome control panel User request

Door unlocked, lights,
curtains (dependingon
time of day), alarm on

Doorlocked, lights
turned off, curtains
lowered, alarm off

' Turn on/off heating /
cooling devices

[ Update shoppingﬁst

| Fill bath with hot water

Change all pictures
inside the hometo a
specifictheme

None

None

None

None

None

None

3. Conclusion

The next decade in computing will undoubtedly revolutionize our personal lives and enhance our
digital lifestyle more than many anticipate today. As new digital devices become affordable, the main
challenge for the industry is how to connect these devices and create value by providing access to
many new and exciting possibilities and scenarios. A standard model is required if we wish to take full
advantage of all the different devices. The prototype presented in this paper, demonstrates the basic
concepts needed to create a single digital environment inside the home. As a first step, the model can
set the framework for a standards committee such as those sponsored by the IEEE (Institute of
Electrical and Electronics Engineers). This would open the way for hardware and software vendors to
create a complete solution for smart homes. Future research is required to explore more advanced
intelligent home scenarios such as personal health. The digital revolution is already underway, but the
potential benefits for daily life are only just beginning to be understood.
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