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To Artificial Intelligence and our pioneers
who have been working hard to make it
happen—without them we would not have
as much excitements as we have today.



Preface

This book is the first monograph on Wisdom Web of Things (W2T) coherently
written by multi-authors. The book contains 15 chapters structured into four parts:
W2T foundation, W2T and humanity, W2T technologies, and future vision of
W2T. The book has presented the recent study on the framework and methodology
of W2T, as well as applications of W2T in different problem domains such as
intelligent businesses, brain informatics, and healthcare. Aiming at promoting
people’s understanding of W2T and facilitating the related research including the
holistic, intelligent methodology, the book has addressed emerging issues such as:
“What are fundamental issues and challenges in W2T?”, “Where are the solutions
lying on?”, and “What are potential applications?”

We would like to specifically dedicate this book to the celebration of the 60th
anniversary of Artificial Intelligence (AI). Aiming at creating computers and
computer software capacity of intelligent behavior, throughout the sixty years of
journey many amazing achievements have been made, including the recent
AlphaGo, an intelligent computer program that beat Lee Sedol, a 9-dan professional
player in a five-game match of Go. Such a task was considered an impossible
mission if looking back in just a decade ago. Web Intelligence (WI) has extended
and made use of Artificial Intelligence for new products, services, and frameworks
that are empowered by the World Wide Web. Wisdom Web of Things is then born
as an extension of the Web Intelligence research in the IoT/WoT (Internet of
Things/Web of Things) era. The book is recommended by the Web Intelligence
Consortium (WIC, www.wi-consortium.org) as a consecutive book to the Web
Intelligence monograph published by Springer in spring 2003. The WIC was
formed in spring 2002 as an international, nonprofit organization endeavoring to
advance worldwide scientific research and industrial development in the field of
Web Intelligence. The scope of its activities covers encouraging deep collaborations
among the WIC research centers around the world, supporting organizational and
individual members, steering advanced research and technology showcases at the
international IEEE/WIC/ACM conferences and workshops, and producing official
publications. The book is a collaborative effort involving many leading researchers
and practitioners in the field of WI who have contributed chapters on their areas of
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expertise. We wish to express our gratitude to all authors and reviewers for their
contributions.

We are very grateful to people who joined or supported the W2T-related
research activities, in particular, the WIC Advisory Board members, Edward
Feigenbaum, Setsuo Ohsuga, Joseph Sifakis, Andrzej Skowron, Benjamin Wah,
Philip Yu, and all the WIC Technical Committee members. We thank them for their
strong and constant support—without such, this book is impossible.

Last, but not least, we thank Jennifer Malat of Springer US and Yanchun Zhang
for their helps in coordinating the publication of this monograph and editorial
assistance.

Maebashi, Japan Ning Zhong
May 2016 Jianhua Ma

Jiming Liu
Runhe Huang
Xiaohui Tao
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Part I
Foundation of Wisdom Web of Things



Chapter 1
Research Challenges and Perspectives
on WisdomWeb of Things (W2T)

Ning Zhong, Jianhua Ma, Runhe Huang, Jiming Liu, Yiyu Yao,
Yaoxue Zhang and Jianhui Chen

Abstract The rapid development of the Internet and the Internet of Things
accelerates the emergence of the hyper world. It has become a pressing research issue
to realize the organic amalgamation and harmonious symbiosis among humans, com-
puters and things in the hyper world, which consists of the social world, the physical
world and the information world (cyber world). In this chapter, the notion of Wisdom
Web of Things (W2T) is proposed in order to address this issue. As inspired by the
material cycle in the physicalworld, theW2T focuses on the data cycle, namely “from
things to data, information, knowledge, wisdom, services, humans, and then back
to things.” A W2T data cycle system is designed to implement such a cycle, which
is, technologically speaking, a practical way to realize the harmonious symbiosis of
humans, computers and things in the emergin hyper world.
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4 N. Zhong et al.

1.1 Introduction

The Internet connects dispersive computers into a global network. On this network,
the World Wide Web (Web) provides a global platform for information storage,
resource sharing, service publishing, etc. An information world, called the cyber
world, comes into being between the social and physical worlds.

In recent years, advanced information technologies accelerate the development of
the cyber world [38, 39]. On one hand, various new Internet/Web based technologies,
such as semantic Web [3, 11, 12], grid computing [13, 14], service-oriented com-
puting [51], and cloud computing [2, 17], make the cyber world become not only a
research/service platform but also a global communication and cooperation space in
which various virtual communities, associations and organizations have been estab-
lished. The cyber world is constantly expanding towards a social world. On the other
hand, embedded technologies, automated recognition based on Radio Frequency
Identification (RFID) technologies, wireless data communication technologies and
ubiquitous computing technologies impel the forming of the Internet of Things
(IoT) [5, 62]. A large number of sensor nets, embedded appliance nets and actuator
nets (SEA-nets) have been constructed. Transparent computing technologies [55,
71–73, 85] ensure the effective deployment and publishing of resources/services on
these heterogeneous nets. Furthermore, these SEA-nets are integrated and connected
into the Internet through various gateways. The Web of Things (WoT) [10, 52] is
emerging on the IoT to integrate the sensor data coming from various SEA-nets into
the Web. The cyber world is also extending towards a physical world.

At present, various Internet/Web and IoT based applications, such as Web 2.0
[47, 48], Web 3.0 [20, 30], smart world [39, 45], smart planet [24], green/eco com-
puting [29, 64], etc., accelerate the amalgamation among the cyber, social and phys-
ical worlds. It can be predicted that the cyber world composed of computers will be
gradually syncretized with the social world composed of humans and the physical
world composed of things in the near future. A hyper world [28, 37] will come into
being on the IoT/WoT. It consists of the cyber, social and physical worlds, and uses
data as a bridge to connect humans, computers and things. Such a data based hyper
world will bring a profound influence in both work and life to the whole human

J. Ma · R. Huang
Faculty of Computer and Information Sciences, Hosei University,
Tokyo 184-8584, Japan
e-mail: jianhua@hosei.ac.jp

R. Huang
e-mail: rhuang@hosei.ac.jp

Y. Zhang
Key Laboratory of Pervasive Computing, Ministry of Education, and Tsinghua National
Laboratory for Information Science and Technology, Department of Computer Science
and Technology, Tsinghua University, Beijing 100084, China
e-mail: zhangyx@mail.tsinghua.edu.cn



1 Research Challenges and Perspectives on Wisdom … 5

society and every member in it. Multi-domain experts should closely cooperate to
cope with the subsequent research challenges and opportunities.

The core research challenge brought by the hyper world is to realize the organic
amalgamation and harmonious symbiosis among humans, computers and things
using the Internet/Web based technologies, ubiquitous computing technologies and
intelligence technologies, i.e., to make every thing in the hyper world more “intelli-
gent” or “smart” by computers or cells with storage and computing capabilities, to
provide active, transparent, safe and reliable services for individuals or communities
in the hyper world. Though various theories and technologies have been developed
to realize different levels of intelligent services on the Internet/Web and various
SEA-nets, they do not fit well in the hyper world that is built on top of the IoT.

This chapter proposes the notion of Wisdom Web of Things (W2T) that repre-
sents a holistic intelligence methodology for realizing the harmonious symbiosis
of humans, computers and things in the hyper world. A W2T data cycle system is
also designed to implement such a cycle, namely “from things to data, information,
knowledge, wisdom, services, humans, and then back to things.” The W2T provides
a practical technological way to realize the harmonious symbiosis of humans, com-
puters and things in the emerging hyper world. The rest of the chapter is organized as
follows. Section1.2 discusses fundamental issues on intelligence in the hyper world.
Section1.3 proposes the W2T as a holistic intelligence methodology in the hyper
world. For realizing the W2T, Sect. 1.4 describes a W2T data cycle system. Three
use cases are introduced in Sect. 1.5. Finally, Sect. 1.6 gives concluding remarks.

1.2 Intelligence in the Hyper World

1.2.1 Web Intelligence (WI) and Brain Informatics (BI)

The Web significantly affects both academic research and daily life, revolution-
izing the gathering, storage, processing, presentation, sharing, and utilization of
data/information/knowledge. It offers great research opportunities and challenges
in many areas, including business, commerce, marketing, finance, publishing, edu-
cation, and research and development.

Web Intelligence (WI) [67, 74, 77, 81, 83] may be viewed as an enhancement
or an extension of Artificial Intelligence (AI) and Information Technology (IT) on
a totally new domain—the Web. It focuses on the research and development of
new generations of Web-based information processing technologies and advanced
applications to push technologies towards manipulating the meaning of data and
creating distributed intelligence.

The tangible goals of WI can be refined as the development of Wisdom Web
[75, 76], which is involved with the following top 10 problems [34, 35]:

• Goal-directed services (best means/ends),
• Personalization (identity),
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• Social & psychological context (sensitivity),
• PSML, i.e., Problem Solver Markup Language (representation),
• Coordination (global behavior),
• Meta-knowledge (planning control),
• Semantics (relationships),
• Association (roles),
• Reproduction (population),
• Self-aggregation (feedback).

Though many efforts [16, 22, 31, 53] have been made to solve these problems,
it is difficult to develop the Wisdom Web by using only the existing AI and IT
technologies.

Brain Informatics (BI) [79, 80, 82] is an emerging interdisciplinary field to study
human informationprocessingmechanismsystematically frombothmacro andmicro
points of view by cooperatively using experimental, theoretical, cognitive neuro-
science and WI centric advanced information technology. It emphasizes on a sys-
tematic approach to an in-depth understanding of human intelligence. On the one
hand, WI based portal techniques (e.g., the wisdom Web, data mining, multi-agent,
and data/knowledge grids) will provide a new powerful platform [78] for BI; On the
other hand, new understandings and discoveries of human intelligence in BI, as well
as other domains of brain sciences (e.g., cognitive science and neuroscience) will
yield new WI researches and developments. At present, some new human-inspired
intelligent techniques and strategies [69, 70] have been developed to offset the disad-
vantages of existing intelligence technologies, especially logic-based technologies.

1.2.2 Ubiquitous Intelligence (UI) and Cyber-Individual (CI)

The development of RFID technologies and wireless data communication technolo-
gies impels the forming of IoT. The real physical things are called u-things if they are
attached, embedded or blended with computers, networks, and/or some other devices
such as sensors, actors, e-tags and so on [38]. The IoT makes it possible to connect
u-things dispersed in various SEA-nets and ubiquitous computing applications for
realizing a Ubiquitous Intelligence.

Ubiquitous Intelligence (UI) [39, 59], generally speaking, is that intelligent things
are everywhere. It means pervasion of smart u-things in the real world, which would
evolve towards the smart world filled with all kinds of smart u-things in a harmonious
way [38–40]. The construction of smart u-things is a core issue in the UI. So-called
smart u-things are the active/reactive/proactive u-things, which are with different
levels of intelligence from low to high. Ideally, a smart u-thing should be able to
act adaptively and automatically. Its construction is involved with the following 7
challenges [38, 40, 41]:

• Surrounding situations (context),
• Users’ needs,
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• Things’ relations,
• Common knowledge,
• Self awareness,
• Looped decisions,
• Ubiquitous safety (UbiSafe).

Constructing such a smart u-thing is involvedwith various challenging topics, includ-
ing the collecting and mining of logs [42], context modeling [21, 26, 27, 58], user
modeling [4, 18, 19, 56], etc. However, there are many challenges due to the real
world complexity. For realizing theUI, the human essence in the cyberworld needs to
be re-examined and analyzed. The research of Cyber-Individual (Cyber-I or CI) [63]
is emphasized on re-examining and analyzing the human essence and creating cyber
individuals in the cyberworld.ACyber-I is a real individual’s counterpart in the cyber
space. It is a unique and full description of human being in the digital world. On the
one hand, ubiquitous computing technologies make it possible to collect individual’s
information anytime and anywhere. With the increasing power of computers, net-
works, ubiquitous sensors andmassive storages, it is no longer a dream that everyone
on this planet can have a Cyber-I going with and even beyond his/her own whole life.
On the other hand, a comprehensive and exact Cyber-I can effectively guide smart
u-things to provide active and transparent services for realizing the UI.

1.2.3 The Holistic Intelligence in the Hyper World

For realizing the harmonious symbiosis of humans, computers and things, u-things in
the hyper world should be intelligent and able to provide active, transparent, safe and
reliable services. This intelligentizing will realize not only individual intelligence
but also holistic intelligence, i.e., all of related u-things can intelligently cooperate
with each other for each application. Realizing such holistic intelligence will bring
new challenges and opportunities for intelligence researches:

• The hyper world is involved with heterogeneous networks, service types, data
forms and contents, efficiency/accuracy requirements, etc. Thus, it is impossible
to realize holistic intelligence in such a complex environment by only separately
using the WI, BI, UI and CI. For WI supported by BI, though the ubiquitous com-
puting oriented data/services have been mentioned at the beginning, its related
researches and developments are mainly focused on Web based data/services
because of lacking the IoT and WoT, which can provide an effective approach
to dynamically and largely gather the real-time sensor data coming from different
SEA-nets, and realize active and transparent services anytime and everywhere.
For the UI supported by the CI, though recent studies begin to focus on mining
a large number of historical data for providing higher quality of services, related
researches and developments were mainly oriented to specific applications and
data because of lacking effective technologies and strategies to organize, manage,
mining and utilize the multi-aspect real-time data and historical data, as well as
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Fig. 1.1 The holistic intelligence research in the hyper world

information and knowledge derived from the data. Thus, the holistic intelligence
research in the hyper world will present new research challenges to WI, BI, UI
and CI.

• The infrastructure of hyper world consists of the Internet and a number of SEA-
nets. It is possible to continuously and dynamically gather both real-time sensor
data and historicalWeb data in the hyper world by the IoT and theWoT.Moreover,
grid computing, cloud computing and transparent computing also make it possible
to integrate the powerful storage and computing capabilities on the IoT for effec-
tively storing, managing, mining and utilizing the gathered data, as well as the
information and knowledge derived from data. Based on such an infrastructure,
the hyper world will provide significant opportunities to the holistic intelligence
research. It will integrate the WI, BI, UI and CI to develop a new holistic intelli-
gence methodology for realizing the harmonious symbiosis of humans, computers
and things in the hyper world.

In summary, the hyper world makes it possible and necessary to integrate separate
intelligence researches into a holistic research. As shown in Fig. 1.1, in this holistic
research,WI, BI, UI andCI are independent but promote each other. Finally, a holistic
intelligencemethodologywith its associatedmechanisms can be developed to realize
the harmonious symbiosis of humans, computers and things in the hyper world.

1.3 Wisdom Web of Things

The Wisdom Web of Things (W2T) is an extension of the Wisdom Web in the IoT
age. The “Wisdom” means that each of things in the WoT can be aware of both itself
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Table 1.1 A comparison between the Web and W2T

World Wide Web W2T

Infrastructure Internet Internet of things

Function A sharing platform and
communication space

An environment to provide
active, transparent, safe and
reliable services for the
harmonious symbiosis of
humans, computers and things
in the hyper world

Storing and computing
medium

Different types of computers All electronic media with the
capabilities of storage and
computing (including different
types of computers, PDAs,
mobile telephones, embedded
chips, and so on.)

Data characteristic Reliable data sources and
relatively stable data streams

Various data availabilities, data
stream modes, and data
gathering strategies

Modeling Data and user preference
modeling

Not only data and user
preference modeling but also
space modeling (including
environment modeling, thing
modeling, context modeling,
user behavior modeling, etc.)

Formal knowledge Domain knowledge for the
data and computing integration

Both domain knowledge and
common sense knowledge for
guiding the Web and
ubiquitous computing

Awareness mode A human centric mode (i.e.,
users choose the appropriate
services based on individuals’
judgments about the current
Web environments.)

A ubiquitous awareness mode
(i.e., all of humans, computers
and things can be aware of
themselves and others
dynamically for providing
active and transparent
services.)

Computing mode Computing on the
Internet/Web

Computing in everywhere

Service mode Passive services Both active services and
passive services

and others to provide the right service for the right object at a right time and context.
Thus, the W2T is not a copy of the Web on the IoT. As shown in Table1.1, it is
different from the existing Web in many aspects, including infrastructure, function,
data characteristic, modeling, and so on. Such a W2T is impossible to construct by
using only the existing intelligence technologies that are oriented to specific humans,
computers, things.
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The nature is based on materials. An effective material cycle ensures the har-
monious symbiosis of heterogeneous things in nature. Similarly, the hyper world is
based on data. Thus, constructing theW2T for the harmonious symbiosis of humans,
computers and things in the hyper world requires a highly effective W2T data cycle:

• Things to Data: Various data of things are collected into a distributed integrated
data center through theWoT.These data include the real-time data of things coming
from the sensors in SEA-nets andmeasuring equipments (such asMRI, EEG, CT),
the Web accessible historic data of things stored on the Web, and the data of Web
produced on the Web.

• Data to Information: After data cleaning, integration and storage, both sensor data
and Web data are analyzed and re-organized to generate multi-aspect and multi-
granularity data information by various data mining/ organization methods. The
obtained data information is also described and stored in the data center.

• Information to Knowledge: The valuable knowledge is extracted from the data
information by various modeling. Other related knowledge is also gathered and
described using knowledge engineering technologies. All of knowledge is stored
in the data center.

• Knowledge to Wisdom: Based on the obtained knowledge, the top 10 problems
of Wisdom Web mentioned in Sect. 1.2.1 and 7 characteristics of smart u-thing
mentioned in Sect. 1.2.2 are studied to develop the key intelligence technologies
and strategies.

• Wisdom to Services: An active and transparent service platform is constructed on
the integrated data center using the developed intelligence technologies and strate-
gies. It can provide active, transparent, safe and reliable services by synthetically
utilizing the data, information and knowledge in the data center.

• Services to Humans: The service platform provides various active and transparent
services to individuals and communities by a variety of sensors and actuators.

• Humans to Things: During the process of receiving services, humans continues to
influence the things around him/her and brings the changes of things. Finally, the
data reflecting these changes are collected into the integrated data center.

As shown in Fig. 1.2, a variety of sensors, storage and computing terminals in the
IoT provide a data storage and conversion carrier for implementing the data cycle.
The emerging WoT provides a transmission channel of data cycle. Therefore, the
core problem of data cycle construction is to develop a highly efficient data cycle
system.
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Fig. 1.2 A data cycle in the hyper world

Fig. 1.3 AW2T data cycle system
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1.4 A W2T Data Cycle System

1.4.1 The System Framework

Figure1.3 illustrates the system framework of W2T data cycle system. It includes
two parts, W2T data conversion mechanism and W2T data/service interface. The
W2T data conversion mechanism is the main body of cycle system and used to drive
the process of data cycle, as shown in the right of Fig. 1.3. The W2T data/service
interface includes two middlewares and is used to connect the cycle system to the
WoT, as shown in the center of Fig. 1.3.

1.4.2 The W2T Data Conversion Mechanism

The W2T data conversion mechanism includes a group of information technologies
to transform data forms along the process of the W2T data cycle. As shown in the
center of Fig. 1.4, it includes the following five levels:

• The data level of technologies is involved with various data management and pre-
processing technologies, including data collection, cleaning, integration, storage,
etc., for completing the “Things-Data” sub-process of the data cycle. Because the
objective data include sensor data, Web accessible data and Web data, the data
collection is a core issue at this level. It is involved with not only collecting data
from the Web and information systems, but also producing data by deploying
sensors and embedded chips [23, 54] or designing and implementing cognitive
experiments [32, 33, 84]. The data integration is also an important issue because
of the differences on data formats, contents and applications.

• The information level of technologies is involved with information extraction,
information storage and information organization for completing the “Data-
Information” sub-process of data cycle. Because of the limited data transmis-
sion and computing capabilities, it is necessary to perform the off-line informa-
tion extraction and organization before services are requested. This is especially
important to the hyper world which includes mutable data, computing and net-
work environments. However, the existing technologies cannot meet the require-
ments of off-line information extraction and organization. Thus, it is necessary to
study human information processing and organizationmechanisms, such as induc-
tion [32, 33], for developing the new information level of technologies, such as
granularity division, basic level setting, and starting point setting [69, 70].

• The knowledge level of technologies is involved with knowledge extraction and
knowledge expression for completing the “Information-Knowledge” sub-process
of data cycle. The core issues include model, common sense and knowledge
retrieval. The studies of human knowledge expression and storage are also imple-
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Fig. 1.4 The W2T data conversion mechanism

mented to develop the more effective technologies of knowledge expression and
storage.

• The wisdom level of technologies mainly focuses on the top 10 problems of
WisdomWeband7characteristics of smart u-thing for completing the “Knowledge-
Wisdom” sub-process of data cycle. The autonomy oriented computing [36],
granular computing [66, 68], and complex network [57] are three core theories for
realizing “Wisdom” on theWoTwhich includes enormous data and heterogeneous
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networks. The results of human intelligence studies are also used to develop new
intelligence technologies and strategies.

• The service level of technologies is involved with service construction, service
publishing and service integration on the Internet/Web and various SEA-nets for
completing the “Service-Human” sub-process of data cycle. They are based on grid
computing, cloud computing and transparent computing, and oriented to various
specific applications in the hyper world, such as pervasive elderly/kid care, active
and transparent service platform for depression, etc.

These technologies are realized as an integrated data center and an active and trans-
parent service platform, as shown in the right of Fig. 1.4.

As shown in the left of Fig. 1.4, the five levels of technologies are integrated by
a domain driven data conceptual modeling. Such a data conceptual modeling is not
the traditional conceptual schema design of databases/metadata or the ontological
modeling of data related domain knowledge. It models the whole process of data
cycle by different dimensions and has various specifications on the different levels
of conversion mechanism:

• At the data level, it can be specified as the conceptual schema designs of databases
and data warehouses.

• At the information level, it can be specified as the conceptual descriptions of
metadata, cases and data characteristics.

• At the knowledge level, it can be specified as space/user/thing conceptual model-
ing, domain/common-sense knowledge modeling, and knowledge structure mod-
eling.

• At the wisdom level, it can be specified as intelligent agent modeling, granular
knowledge structure modeling, networks and network behavior modeling, as well
as the modeling of human higher-level information processing capabilities.

• At the service level, it can be specified as the applications of the different levels
of conceptual models.

1.4.3 The W2T Data and Service Interface

The W2T data and service interface includes two middlewares, hyper world data/
knowledge application server (Hypw-DKServer) and hyperworld transparent service
bus (Hypw-TSBus). They are used to connect the data cycle system to the WoT for
making it “Wisdom”.

The Hypw-DKServer is a software middleware for the service publishing on
the WoT. It can support centralized or distributed data/model/knowledge publishing
and respond to data/model/knowledge requests coming from the Internet and var-
ious SEA-nets. Different from the existing Web based application servers, such as
Weblogic, Tomcat, Jboss, etc., the Hypw-DKServer is an entirely new WoT based
application server, as shown in Table1.2.
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Table 1.2 A comparison between Web application servers and the Hypw-DKServer

Web application servers Hypw-DKServer

Environment The Web on the Internet The WoT on the IoT

Operating system Operating systems in
computers (such as Windows,
Unix, Linux, etc.)

New-style network operating
systems on various networks

Main function Supporting the establishment,
deployment and management
of static and dynamic Web
applications

Supporting the establishment,
deployment and management
of data/model/knowledge
services

Protocol Standard Web protocols (such
as HTTP, FTP, SOAP, WSDL,
UDDI and so on.)

New-style standardized
protocols for
data/model/knowledge
communications, descriptions
and publishing

External interface Database interfaces for main
database systems such as
Oracle, SQL Server, DB2, and
so on.

Database interfaces for main
database systems, and
knowledge/model base
interfaces for the
existing/developed description
languages of
knowledge/models

TheHypw-TSBus is a softwaremiddleware for the service integration on theWoT.
It can support dynamic service discovery, service evolution, service composition, and
security validation formeeting various service requests on the Internet/Web andSEA-
nets. Different from the existing Enterprise Service Bus (ESB), such as WebSphere
ESB (WESB), BizTalk Server, etc., the Hypw-TSBus is an entirely new WoT based
service bus, as shown in Table1.3.

1.5 Case Studies

In this section, we present three use cases to demonstrate the usefulness of the
proposed W2T methodology.

1.5.1 A W2T Based Kid Care Platform

An interesting survey [50] recently made in Japan reported that 72.5% parents wor-
ried about their kids, 82.3% parents felt tired in caring their kids, and 91.9% parents
had no enough time well taking care of their kids. Although the survey data may vary
from country to country or from region to region, it shows that caring kids is not an
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Table 1.3 A comparison between ESB platforms and the Hypw-TSBus

ESB platforms Hypw-TSBus

Environment The Web on the Internet The WoT on the IoT

Operating system Operating systems in
computers

New-style network operating
systems on various networks

Main function Providing a Web oriented
infrastructure for the
process-description driven
service discovery and
integration

Providing a WoT oriented
infrastructure for the
purpose-driven dynamic
service discovery, evolution
and integration

Other function Supporting message routing,
message conversion, message
expansion, protocol
intermediary, security
validation, event handling,
service scheduling, etc.

Supporting message routing,
message expansion, security
validation, event handling, etc.

easy work and it does consume a lot of time/energy to many parents. In fact, parents
have been putting lot of efforts to ensure their children’s safety. However, unexpected
matters sometimes still happen. In other words, it is impossible for parents to keep
eyes on their kids and give them prompt helps 24 h a day. Fortunately, with the rapid
advancing of ICT and ubiquitous computing, not only kids can enjoy the fruits of
developments brought by IT like digital games, real time animations, multimedia
contents, but also their parents benefit from the advanced technologies. This section
presents the W2T based kid care platform on top of which kid care systems are built.
With the support of kid care systems, parents benefit from the supporting systems
and can be relieved more or less from their various worries regarding to kid cares,
especially to those working couples.

The issue of kid care is important to a family but it is also an ordinary and com-
mon activity. It has not been receiving much attention from research communities
although there have been some research going on [23, 39, 54]. Kids as a specific
group of humans, it is necessary to have a thorough study. With the rapid advanc-
ing of ubiquitous computing [5, 60, 61] and wireless communication technologies,
developing kid care systems with ubiquitous sensors and wireless communications
become feasible. This research field has received increasing attention. Based on
related research results, we will develop a W2T based kid care platform, as shown
in Fig. 1.5, which can be described as follows.

To take care of a kid, the first step is to know the kid. A system has to first record all
the kid’s activities and get to know the kid by analyzing his/her activities that just like
a parent is doing in the process of caring children. A kid’s activities are recorded via
SEA-nets in the physicalworld. The recorded data are classified and stored in life-log,
space-log, and thing-log, respectively. For example, Bob comes back from school,
he watches TV in the living room from 2:30 pm to 3:30 pm, then studies in the study
room from 3:30 pm to 5:30 pm. The recorded data are classified according Bob’s


