Designing an Intelligent Agent for Information Appliances
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Abstract. An intelligent agent architecture is proposed for integration of information appliances (IAs). Based
on the characteristics of different IAs and the proposed agent module, the system designer can design differ-
ent knowledge bases and communication interfaces for the different IA agents. Therefore, the IA agent will be
used to promote the capabilities of the IAs. Also, the agent will follow up the rules in the knowledge base and
environment information to make decisions for IA automation. Furthermore, agents can use an agent commu-
nication language for communication and cooperation with each other. In addition, by automatic communica-
tion and cooperation among the agents, an IA with the A agents can generate more added-value functions
than what a single A system can provide. An implementation of IA agents in a smart home is used to demon-
strate the proposed approach.
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1 Introduction

In recent years, the development of computer systems is focused on faster speed, smaller size, lower price, and
easier operation. Computers are widely used by people and become one of the most important appliances at home.
Combining the technologies of embedded system, broadband network, Internet, and traditional appliances, the
information appliance (IA) [1] has become popular in the computer and electronic marketplace. However, as the
number of functions IA increases, it will become even more difficult to use these devices easily and effectively.
Users have to refer to complicated manuals and to use their own reasoning and learning processes for using an
IA successfully. Besides, most of the IA applications only concerns with how to bring information network and
appliances together. The problem here is how to use the communication and cooperation properties of IA to
generate functions that are not performed by a single IA.

In this paper, we propose a software agent architecture for integration of IAs and use an IA agent as the core
of intelligent appliances for a smart home [2]. We expect the IA with the IA agent can be promoted to intelligent
information appliance (ITA) which is more suitable for constructing a smart home than the traditional IA. An ITA
can collect environment information automatically, communicate and exchange information with other IIAs,
make decisions by using their knowledge-base, and cooperate with each other to generate more add-value func-
tions to serve users.

The IA with the IA agent can have some capabilities that cannot be performed by a traditional IA. For exam-
ple, the agent can help the user to detect error actions of the appliance, find the broken appliance out in a smart
home, compute the usage of power, detect whether or not the usage of power is overloaded, shut down unused
appliances, select proper time to restart appliances, and recover errors of appliances. Moreover, the [A agent can
make decisions without user’s direction or interact with the user via broadband network for getting more informa-
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tion to make decisions.

This paper is organized as follows. The related work is introduced in Section 2. In Section 3, we give the re-
quirements for designing the IA agent. We describe the architecture of the proposed IA agent in Section 4. In
Section 5, we introduce three different scenarios used for testing applications of the IA agent and a system im-
plementation is also displayed in this section. Finally, Section 6 concludes this paper.

2 Related Work

2.1 Smart Home

Following the appearance of embedded systems, information appliances, and home control network, there are
varieties of computer applications introduced in daily life. The human-computer interaction is no longer limited
in front of computer only, but all environments. Accordingly, the intelligent environment [3, 4, 5, 6] becomes one
of the charming topics in computer science not only for research but also for commercial applications. The goal
of intelligent environment is to provide better life quality through a multi-sensing multimodal intelligent system
embedded in an environment [7, 8]. An intelligent environment might consist of many different sub-systems such
as communication system, location system, IA, home network, and security system, etc. Equipped with different
sensors which observe and understand the activities in the environment, an intelligent environment is highly con-
text-aware. After gathering the information from the environment, the system will make appropriate reactions for
some events.

A smart home [9, 10] is one kind of intelligent environment and basically must contain three elements: inter-
nal network, intelligent control and home automation. The concept of smart homes plays an important role in the
planning of future housing-based models of care. Internal network is the basis of a smart home, and it can be
power-line, bus-line or radio frequency. Intelligent control means gateways to manage the systems. There are two
main purposes of gateways: bridging different technologies within the home and providing access from the home
to external services or from external systems to home. Home automation means products within the homes can
links to services and systems outside the home automatically.

2.2 Embedded Agents

How to embed intelligence into devices is the key problem to enable the full benefits of ubiquitous computing to
be realized in intelligent environments and to groups of artifacts learning to work together to achieve higher level,
user determined goals [11, 12]. An agent [13] is a software entity that has some properties of a human such as
autonomy, reasoning, learning, and knowledge level communication, etc. By service ability, the agent technique
is widely applied in many fields, such as resource management for cellular mobile networks [14], QoS manage-
ment for multicast environment [15], multimedia information retrieval [16], media-on-demand on the web [17],
and supporting the distribution of Video on Demand (VoD) to portable devices [18], etc.

Recently, the agent technology is widely used in the construction of intelligent environment, because the
agent can provide many advantages such as having artifacts in which an agent in the environment can cooperate
to generate more complex functions and the environment can provide more user friendly services to users. In [19],
the authors combined the use of unobtrusive sensors and effectors with intelligent embedded-agents to realize the
vision of ambient intelligence in health care environments. In [20], the authors propose an intelligent agent model
for smart home environments. The case-based reasoning and Bayesian Network approaches are implemented in
the agent architecture for acquiring the knowledge about user actions and inferring relationships among agents.

A novel life-long learning approach based intelligent agent is proposed in [21]. The agent is embedded in in-
telligent inhabited environments to improve the quality of users’ daily life. Because Type-2 fuzzy systems [22]
are able to handle the different sources of uncertainty and imprecision encountered in intelligent environments
and give a very good response, in [23] the authors proposed a novel type-2 fuzzy systems based adaptive archi-
tecture for intelligent embedded-agent.

It is obvious that there are many advantages for using agent technologies in intelligent environment. However,
implementing the properties of an agent in a computer program is non-trivial. The interaction, cooperation, and
negotiation issues among agents make the development of a multi-agent system (MAS) become a complex task.

There are many researches of systematic development methodology [24] to discuss how to analyze, design,
and implement the MAS. Because of the complexity and different applications of the MAS, using an agent ori-
ented software engineering (AOSE) [25] or agent based software engineering (ABSE) [26] methodology to con-
struct the MAS is still not easy. A large amount of design knowledge and activity will be required. Moreover, the
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IA agent has some specific attributes, requirements, and implementation limitations when designing an agent for
IA. The designer has to consider different requirements of different IA environment.

The IA agent, proposed in this paper, is a template for the system designer to construct different IA agent for
different appliances and use them in different intelligent environments. We use the process of software engineer-
ing to analyze requirements, design the system, construct the system prototype, and repeat the process again for
constructing a useful system and reusable software components.

3 Requirements Analysis

In many applications, we can build an intelligent environment for further performance of environment manage-
ment, such as office, office building, factory, storehouse, house, etc. Using an intelligent software agent to man-
age the environment and to provide a friendly interaction with users is a natural way for building an intelligent
environment. The general requirements of an agent for intelligent environment are described as follows.

Software automation: The agent must solve problem actively and autonomously without human guid-
ance.

Friendly interaction: The agent based system should provide a convenient interface for users.

Decision making: When the agent confronts problems, it can make decisions by itself.

Time-limit/emergent task handling: the agent possesses capabilities of handling time-limit or emer-
gent tasks.

Communication and cooperation: Every agent can solve problems with each other through commu-
nication and cooperation.

Knowledge sharing: Every agent can share their knowledge with each other.

In the agent and robotics application domains, many researchers have suggested the approach which is com-
bining the deliberative property and the reactive property [27]. Combining the deliberative reasoning ability and
reactive real-time response enhances the performance of an integral system. Agents in different applications have
specialized skills for its domain. Because the TA agent is designed for IA, it has some specific requirements.
However, in our design, an A agent has to fulfill following basic functional requirements.

I. Communication requirement: The agent should provide a mechanism to parse and package
FIPA agent communication language [28] for communicating with each other.

2. Behavior requirement: The agent should provide a set of low level functions to control the
appliance.

3. Scheduling requirement: The agent should provide a mechanism for task scheduling.

4, Reasoning requirement: The agent should provide a reasoning mechanism which can be
used to make decision by referring the message received from the environment and knowl-
edge-base.

5. Reactive requirement: The agent should provide a reactive mechanism. If the rule in the re-

active module has been triggered, the low level functions will be executed.

6. Information requirement: The agent should get environment information by the sensor of
related appliance.

4 Agent Architecture

Based on the analysis results of the requirements, we divide the IA agent into five parts: Agent Communication
Module (ACM) ~ Control Module, (CM) ~ Reactive Module (RM) ~ Reasoning Module, (EM) ~ and Device
Communication Interface, (DCI). The agent architecture is shown in Fig.1. The arrow in the end of line indicates
dependency relationship between components. The arrow from component A to component B means that A can
use functions or data provided by B. For example, CM can use the functions of DCI, but DCI cannot use any
functions of CM.
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Fig. 2. Two scenarios for reactive behavior and deliberate behavior of A agent
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ACM is the communication interface of IA agents. The main function of ACM is receiving an ACL message
from other agents, parsing the content of the message, storing important message, and sending message content to
RM. ACM also receives the request from CM, package the request content to an ACL message, and sends the
message to other agent.

CM is the control center of the agent. It schedules and controls the message processing process and provides
low level functions of the agent. RM provides a set of reactive rules. If received messages fit the description of
the reactive rule, RM will execute the related low level function in CM directly. Otherwise, the message will be
sent to CM for scheduling. EM uses a reasoning engine to infer facts by referring the message coming from CM
and the rules in the knowledge-base. In the reasoning process, the information of the appliance or other agents
will be acquired by using DCI and ACM. Finally, DCI provides an interface to communicate with the IA Com-
munication Module (IACM) for controlling the appliance. DCI is a template of communication interface for an
IA agent and the appliance. The agent designer can modify this interface for reading and setting parameters of the
appliance. The IA agent cans also derive the environment information such as temperature or humidity, etc. from
the appliance by the IACM.

The agent has two kinds of behaviors: reactive behaviors and deliberative behaviors. The main difference be-
tween these two behaviors is that the reactive actions are triggered by RM and when the reactive tasks do not
need be scheduled by CM. However, the tasks of deliberative behavior will be scheduled by CM. Two scenarios
are shown in Fig.2 to demonstrate these two different behaviors.

In the first scenario, an IA agent sent an ACL message to another IA agent. The ACM of latter agent parsed
the ACL message and forwarded the content of the message to RM. There was one of the reactive rules in RM
triggered by the content, and RM called Agent Behavior module in CM for controlling the appliance to do some-
thing. DCI received the function call from CM and then sent control signal to IACM in the appliance. When the
task has been completed by the appliance, an acknowledgement message will be returned.

In the second scenario, the A agent received another ACL message from the same IA agent. First, the mes-
sage was parsed by ACM and the content of message was forwarded to RM. RM found that there is no reactive
rules triggered by this message and then forwarded the message content to CM. CM arranged the content into
schedule and prepared to send a message to EM for decision making. Once the EM received the message from
CM, it started to collect related information for reasoning. The agent made decision and controlled the appliance
to act by sending messages to DCI. Finally, a result will be sent to the IA agent.

4.1 Agent Communication Module

The ACM is divided into three parts: Communication Interface (CI), Environment Information Interface (EII),
and Environment Information (EI). The content of ACL message will be extracted by CI. If the ACL message
contains environment information, CI will use EII to update the environment information stored in EI. CI will
send the extracted data to RM for future processing. CI can also accept the request from CM for packaging the
message to ACL format and send it to related agent. EII provide a function call for EM acquiring environment
information in reasoning process. The architecture of ACM is displayed in Fig.3.
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Environment
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Fig. 3. The agent communication module of TA agent
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4.2 Control Module

CM is the task scheduling and event control center of the agent. The main function of this module is generating
system events and sending events to an Agent Event Queue (AEQ) for determining the execution sequence of
events. These events include sending the RM filtered message to EM for reasoning, acquiring the information of
the related appliance, setting parameters of the related appliance, preparing the message for sending to other
agents, etc. An Agent Behaviors (AB) module is also designed in CM. AB is a set of implemented low level
functions which can be performed by the IA agent to control related appliance or acquire information of appli-
ance. These functions can be triggered by the rules in RM and executed directly without waiting in AEQ for
generating the reflex behavior of the IA agent. Fig.4 shows the CM of an IA agent.

Agent Control Module
Communication M—1—
Module
Control Agent Event
— P>
p Component Queue
Reasoming Module
-l
Reactive Module g Ager_lt
Behaviors
Device
Communication |
Interface

Fig. 4. The control module of the IA agent

4.3 Reactive Module

This module is the main component for the reactive behavior of the IA agent. There are three components in this
module. Reactive Component (RC) receives the message from ACM and uses Reactive Rules Interface (RRI) to
decide which rule stored in Reactive Rules should be triggered. The IA agent uses RM to response real time and
simple requests. The RM is shown in Fig.5. If RC find that there is no reactive rule be triggered by the message
fro ACM, the message will be forwardded to Control Module for processing.

Reactive Module
Agent Reactive Rules
Communication F—— > Interface
Module ;
Reactive
Component *
Control Module |- Reactive
Rules

Fig. 5. The reactive module of IA agent
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4.4 Reasoning Module

Three are three components in EM: Reasoning Component (RC), Knowledge-Base Interface (KBI), and Knowl-
edge-Base (KB). A forward-chaining reasoning algorithm [29] is implemented in RC. KBI provides a set of ap-
plication interface (API) for RC to access the rules stored in KB. The agent designer can also implement a user
interface for IAA designer to manage rules in KB. The EM is shown in Fig.6.
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| Base
|

L J
Device
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Fig. 6. The reasoning module of A agent

5 Implementation

We defined three kinds of user when implement the IA agent based system: agent designer, system designer, and
general user. The general user uses the implemented Home agent and IA agents to control appliances at home.
The system designer uses different kinds of pre-designed IA agent as a template and designs reactive rules and
deliberative rules for implementing different interaction scenarios among agents. The agent designer use the
proposed IA architecture as a template to design different kinds of IA agent such as air-condition agent, washing
machine agent, or refrigerator agent, etc.

In order to test the proposed agent architecture, we implement two kinds of agents: Home agent and IA agent.
Home agent provides a graphical user interface (GUI) to interact with the user and manages related IA agents.
The user can control an IA agent by using the GUI of Home agent. Home agent and IA agent have the same ar-
chitecture. The main difference between them is that the KB of Home agent stores the rules of how to manage

agents at home. Therefore, the KB of IA agent stores the rules of how to control appliances. A GUI if Home
agent is shown in Fig.7.
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Fig. 7. A snapshot of home agent GUI
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The agent is implemented in Windows CE.net framework 1.1 and running in an embedded system testing
board with IXP740 CPU, 64M RAM, and 64M Flash ROM. The GUI of the Home agent is displayed on a LCD
television as a control center for the user to monitor the action of IA. Each IA in our environment is communica-
tion via the power line. Once an IA adds to the environment, the registry of the Home agent will be updated. The
IA agent for different kinds of appliances should be implemented for controlling related appliance. By using the
GUI, the user can add, remove, pause, and restart IA agents for [As. The relationships among the embedded
board, TA, and [Aagents are shown in Fig.§.

A brief description of A agents is also shown in the GUI of Home agent. The agents can detect and report
their conditions or errors to the user by showing messages in the GUI of Home agent. A GUI showing a air-
condition message is shown in Fig.9. Therefore, the Home agent can use broadband network to connect with the
appliance store for calling appliance engineer to repair broken appliance.

In order to test the proposed IA agent, we design and implement three scenarios for IA agents. First, we as-
sume that an user is watching TV in living room and the user set parameters of the air-condition in living room.
The Home agent received the status reports from the TV agent and the air-condition agent. If the home agent
detects the TV and the air-condition in living room are turned off and the air-condition in bedroom is turned on,
the air-condition agent in the bedroom will be started. The newly started agent will ask whether or not there is
any air-condition has been opened recently, and ask the setting parameters of the air-condition agent in living
room for adjusting its setting. By using this scenario, the newly opened air-condition can be adapted itself setting
for the user.
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In the second scenario, we assume that there are one air-condition and one dehumidifier in a room. When tem-
perature is higher than 26 °C, air-condition will be turned on. In contrast, if the temperature is lower than 22 C,
air-condition will be turned off. Furthermore, when humidity is higher than 55 %, the dehumidifier will be turned
on. In contrast, if the humidity is lower than 50%, the dehumidifier will be turned off. If the air-condition is run-
ning, the dehumidifier will never be turned on. That’s because air-condition can dehumidify when it is running.

In the third scenario, we assume that there are five appliances at home: TV and air-condition in the living
room, air-condition in the bedroom, refrigerator in the kitchen room, and washing machine in the balcony. Be-
cause air-condition, washing machine, and refrigerator needs more power when the compressor or motor is run-
ning. Hence, do not let these three kinds of appliances running at the same time is better. When the compressor of
air-condition is off, compressor of the refrigerator and motor of the washing machine can work. If the compressor
of air-condition is turned on and the agent find that washing process of the washing machine is almost done, air-
condition can delay for waiting the washing machine. By using the communication and negotiation capabilities of
the I1A, the appliances can make a better schedule for doing their works and do not violate power usage constrain.

6 Conclusions

We proposed an IA agent template for setting up an intelligent environment. Our IA agent combines the delibera-
tive reasoning module and the reactive module to accomplish the core part of the agent. The reasoning module
can provide a complete decision making method, and the reactive module that can increase the near real time
response. Through these two modules, the IA agent can solve emergent and complex tasks in intelligent environ-
ment. In a smart home, the IA agents which based on the proposed agent template can cooperate with each other
to achieve a mutual goal and shares information to complete more complex tasks. In the analysis method, we use
software engineering methods to analyze our architecture. Therefore, we provide a method and a suitable archi-
tecture for the users who want to have an existing environment turn into an intelligent environment.
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