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Abstract—1In this paper, we propose RT-Middleware for robot
system integration. “RT” means “Robot Technology’’, which is
applied not only to industrial field but also to nonindustrial field
such as human daily life supporting systems.

We have studied modularization of RT (Robot Technology)
elements and have developed RT-Middleware, which promotes
application of RT in various field[1], [2], [3]. RT-Middleware is
a software platform for RT systems and provides RT specific
features for the component based system development. The
component which constructs RT-systems in RT-Middleware is
called the “RT-Compoment”.

The RT-Component, which is a basic software unit of RT-
Middleware based system integration, is derived from this dis-
cussion. A methodology of system development by using RT-
Components, and a framework for component development are
proposed. Evaluations of some RT-Component based systems is
performed. Finally conclusion and future work will be described.

I. INTRODUCTION

Robotics has had accumulated knowledge of robotic basic
functions and elements enough to realize simple intelligent
tasks to make human daily life more convenient. Therefore,
research on system integration of a basic robot function
is becoming important in robotics in recent years. Robotic
research to apply RT (Robot Technology) to full-scale appli-
cation, which is exemplified by ubiquitous robot[4], intelligent
environment[5] and sensor network systems[6], is also active.

From such backgrounds, the necessity for the knowledge of
systematic robot system integration and the development of the
implementation platform has increased. As shown in Figure 1,
the methodology for robot system integration independent
from persons’ experience and knowhow, and robot system
platform to support it are also needed for systematic RT-system
development.

We have studied integral elements for robot software plat-
form, and the RT-Middleware has been proposed. The purpose
of RT-Middleware is to establish basic technologies for inte-
grating robot systems with a new function easily by using
modularized software components.

If robot systems with new functions can be constructed
more flexibly, it can satisfy every users’ needs individually
which cannot be satisfied now. Thus, it is expected that the
conventional robot industry mainly restricted to the manufac-
turing field will be expanded to the nonmanufacturing field
like support robots for daily life.
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Fig. 1. A Robot Systems Modeling Flow: The RT system should be modeled
and designed through systematic design flow independent from the persons’
experience and knowhow.

A. Related research

The research on software modularisation of robot func-
tions and development of software libraries for robotics are
performed actively in recent years. Table I shows related
researches on robot software platforms and its features.

ORIN (Open Resource interface for the Network/Open
Robot interface for the Network ) is a middleware which
offers the standard communication interface over various FA
apparatus including robots [7], [8]. Orocos (Open Robot
Control Software / Open Realtime Control Services) is a free
software project for robotics [9], [10]. ORCA is a project
to develop an Open-Source Robotic Control System derived
from OROCOS project [11]. Another ORCA (Open Robot
Controller Architecture) developed at Toshiba is a HORB
(Java ORB developed in AIST) based robot controller ar-
chitecture [12], [13]. In Toshiba’s home robot “ApriAlpha”,
functional components are integrated and controlled using
ORCA. OPEN-R is the standard interface for the entertain-
ment robot system that SONY is actively promoting. This in-
terface greatly expands the capabilities of entertainment robots
like AIBO, SDR-3X and QRIO[14]. OSCAR (Operational
Software Components for Advanced Robotics) is an object-
oriented framework for the development of control programs
for robotic manipulators [15]. Player/Stage is a free software
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TABLE I
ROBOT PLATFORMS AND MIDDLEWARE.

| | Network | Language | Style [ Application |
RT-Middleware Open specification.
OpenRTM-aist CORBA | C++,Python | CBSE | Any
ORCA CORBA,CURD,Socket C++ CBSE Any
ERSP Socket C++,Python CBSE Any
Player/(Stage) Socket CLL,Java,Tcl,Python PO Mobile Robot
ORIN DCOM C++,VB 00 FA, Robot
ORCA(Toshiba) HORB Java,Python,C++ 00 Service Robot
Open-R Socket C++ 00 AIBO,SDR
CARMEN IPC C PO Mobile Robot

CBSE (Component Based Software Development), OO (Object Oriented), PO (Procedure Oriented).

project for research in robot and sensor systems. The Player,
which is a robot server with robot control interface, and
its simulation backends, Stage and Gazebo, are very widely
used [17].

B. Goals of RT-Middleware

The purpose of RT-Middleware project is research and
development of the middleware for robots, which supports
efficient development of robot systems. RT-Middleware aims
at the spread of an open robot system architecture to contribute
to robot market activation.

Buisiness model of robot market: Until now, only some
makers with the synthetic technical capabilities of hardware
and software have been able to participate in the robot market.
If a standardized robot system architecture spreads, the makers
with technical capabilities of software, can also get into the
market as “a robot system integrator”.

Wide application of RT: The software platform is an in-
frastructure to improve flexibility of robot system integration.
Flexibility of system integration is needed to apply RT to
a wide variety of market needs. Component based software
development (CBSD) supported by RT-Middleware realizes
flexible software and robot system integration.

Robotics research tool: A researcher has only to develop
his/her logic or algorithm as a component, and he/she can build
a new system by combining with other available components.
If a researcher want to try some algorithms to specific part of
the system, a researcher has only to replace a related mod-
ule with new one implemented with his/her new algorithm.
Therefore the efficiency of an experiment will improve.

From academic view, robotics research can be shifted to
research of integration technology by robot technology com-
ponentization.

Since software and hardware are making rapid progress,
implemented software platform and framework are eventu-
ally becoming obsolete. Therefore robot middleware and its
component model should be discussed on metamodel. For the
above-mentioned purpose, we defined RT-Middleware object
model as an open specification, which is a set of interface
and its component model of distributed object middleware for
RT functional element. Since the “RT-Middleware” is an open
specification, anyone can develop own implementation on any
platform in any language.
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Fig. 2. The RT-Middleware (RTM) standardization process and the relation
between RTM specification and our implementation of OpenRTM-aist.

Moreover, an open source implementation named
“OpenRTM-aist” has been developed for the purpose of
obtaining the feedback from many robot research fields.
Figure 2 shows the relation between RTM (RT-Middleware)
specification and our implementation of OpenRTM-aist.

II. MODULARIZATION OF RT ELEMENTS

In this section, structural differences in the modularization
of the simple distributed object and the RT functional element
are clarified, and the core architecture design of RT-module is
discussed. We considered what kind of function required for
a modularization of the RT element would be realized in the
framework of distributed object middleware. As one of the
views of a modularization of RT element, “RT-Component™
was proposed. Required functions, a structure and a realization
method based on distributed objects for the RT-Component
were also reviewed.

A. RT specific functions

Granularity of modules: When modularizing an RT ele-
ment, a module of various granularity size can be considered.
Modules of fine granularity level, such as a motor, a sensor,
and a controller. Modules of middle-fine granularity level, such
as a vision system with some image processing algorithms,
a several degrees of freedom manipulator arm and a mobile
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robot with some sensors. Modules of rough granularity level,
such as a humanoid robot with legs, arms and vision system,
an intelligent room with distributed sensors and robots. It is
necessary to provide a framework which can choose such
various granularity freely in RT-Middleware.

Active module: Usually, a general distributed object works
as a passive object that sends back return values to a method
invocation. In this case, an object is modeled as interfaces
that contain operations with input and output parameters and
a return value. An internal activity model of an object is not
considered.

On the other hand, an RT element has its own tasks like real-
time feedback control. Furthermore, it is necessary to collect
required data RT-element itself, or to notify event to other
elements when it happened.

Rrealtime capabilities: Realtime capabilities of module
activity is a indispensable function in RT systems. RT-
Middleware should support realtime capabilities in its software
module as a framework.

Realtime capabilities between modules: RT system re-
quires the high speed communication and close cooperation
with other modules, such as a servo control.

Time management: For example, a servo control has to
be performed under stable periodic real-time task. In order
to make two or more modules cooperate in the real-time
schedule, the time synchronization between modules, which
may be running on distributed host machines, is needed.

Software reuse: Users are unwilling to use the framework
which needs to remake all programs. In order to reuse a lot of
software library created until now, it is necessary to provide
the framework for modularizing the existing software library
easily.

Platform independent middleware: In order to improve
the reusability of software, the middleware has to be modeled
on the platform (in this context, “platform” means operating
systems) independent abstraction level.

Network independent middleware: RT-Middleware has to
support various communication media and its model should
have independent structure from them. If a real-time commu-
nication media is available, modules that depend on realtime
features should use it.

III. RT-COMPONENT ARCHITECHTURE

RT-Component is basic functional unit of RT-Middleware
based systems. Figure 3 shows the architecture block diagram
of the RT-Component.

We chose CORBA (Common Object Request Broaker Ar-
chitecture) as distributed object middleware for its platform
independency, and tried modeling of the RT-Component on
CORBA.

An RT-Component consists of the following objects and
interfaces.

o Component object.

o Activity.

« InPort as input port object.

o OutPort as output port object.

o RTComponent Service interface.

The general distributed object model can be described as
some interfaces that contain operations with parameters and
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Fig. 3. A proposed architecture of RT-Component. RT-Component has a
component object, command interfaces, an activity, InPorts and OutPorts.

a return value. On the other hand, the RT-Component model
has a component object as a main body, activity as a main
process unit, input ports (InPort) and output ports (OutPort)
as data stream ports.

A. Activity and state transition

An RT-Component itself has an activity which always
continues processing its tasks, and activity serves as a subject
of a device control, such as a robot.

The activity of RT-Component has eleven states: BORN,
INITIALIZE, READY, STARTING, ACTIVE,
STOPPING, ABORTING, ERROR, EXITING,
FATALERROR, UNKNOWN. Figure 4 shows the state
transition chart (UML state chart) of RT-Component’s
activity.

According to the UML notation, RT-Component’s method
names, which are invoked from clients, are described in each
state block. The meaning of method prefixes is the following.

« entry: An atomic action performed on entry to the state.
e do: An action performed while being in the state.
o exit: An atomic action performed on exit from the state.

The states of having only a “entry” method are transient
states which change to the next state immediately. The states
of having “do” method are steady states which can stay at
the state. The states and state transition of the component
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Fig. 4. RT-Component statechart diagram.

was defined so that various type of RT-Components could be
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treated as common software parts. By giving a common state
transition to RT-Components, and specifying the meaning of
states, it is possible to control the action of many components
similarly.

B. InPort/OutPort

In the low level real-time control layer, if a component is
considered as the functional unit which consists of inputs,
processing, and outputs like a control block diagram, it will
be easy to perform a system configuration.

This input/output model is not so suitable for general usage
of the distributed object model. Because an object which sends
its data to other objects has to know all objects’ complete
interface definition. On the other hand, in such low level con-
trol layer, data type, number of data and unit of data are more
important than interface definition. RT-Component adopted the
publisher/subscriber model and defines it as InPort/OutPort.

An InPort receives data from an OutPort that calls method
of “InPort::put()”.

An OutPort sends data to InPorts that “subscribes” this
OutPort, calling “InPort::put()” as “push” type data exchange.
“pull” type data exchange calling “OutPort::get()” method is
also provided.

OutPort supports some subscription types, “New”, “Once”,
“Periodic”, “Periodic New”, “New Periodic”, “Triggered”,
“Triggered Priodic”, “Periodic Triggered”.

For example, the "New” subscription type means that an
OutPort sends data to InPorts which subscribe it when a new
data come from the activity. Other subscription type can also
be defined if user needs.

C. RTComponent Service

The software component should have enough interfaces to
change internal attributes from outside without re-compileing.
The object which provides the function attached to the RT-
Component is called “RT-Component Service (RTCS)” in
RT-Middleware. Component developer can provide his func-
tional object interfaces to other RT-Components by using RT-
Component Service feature.

Figure 5 shows whole UML Class Diagram of RT-
Component, which depicts the relation among RT-Component,
InPort/OutPort and RTComponent Service.

IV. SYSTEM INTEGRATION USING RT-COMPONENTS

In a RT-Middleware based system, it will be constructed
with two or more RT-Components in some ways.

The following methods are available to construct RT-
systems with RT-Components.

« GUI tool

« XML file

« Script language

o Application program

A. Assemble using GUI

Since the software component is based on some isolation
principles such as cleanly specified interfaces, interoperability
and glue mechanism, it is one of the great merits of component
based software development that user can integrate application
software using GUI tools.

“rtc-link” is a GUI tool that manages a connection
of InPort/OutPort between RT-Components like a control-
block diagram and performs activation/deactivation of an RT-
Component (Figure 6). “rtc-link” is the powerful tool which
can be used in case development of RT-Component and debug-
ging are performed. Moreover, it can use also in verification
and an experiment of a robot system, performing the low level
integration of components.
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Fig. 6.  GUI tool: “rtc-link”. The rtc-link is a graphical user interface for
RT-Components manipulation.

The Connection information among RT-Components can be
saved as XML file. RT-Components connection can be also
rebuilt from a saved XML file.

B. Script language

RT-Components are able to be controlled from script
language. Now Python language is available in our RT-
Middleware implementation. Script languages are useful for
rapid prototyping. High level programming language is suit-
able for high level system integration programming.

C. Application Programs

An RT-Component is a distributed object (in our case it
is CORBA object). Usual CORBA based system application
program can control RT-Components as CORBA objects.

V. OUR IMPLEMENTATION AND A EXPERIMENT

A. OpenRTM-aist

“OpenRTM-aist” is prototype implementation based on RT-
Middleware interface specification and RT-Component object
model. “OpenRTM-aist” consists of an RT-Component devel-
opment frame work, a manager and some set of tools.

1) RT-Component frame work: RT-Component frame work
provides a managed state transition and InPort/OutPort man-
agement as frozen spots. A component developer inherits the
base class of the RT-Component, and can create his new
component class. The state transition logic is implemented in
the base class, and a developer only needs to map process to
be executed in each state by the specific method override.
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2) RT-Component manager: RT-Component manager man-
ages a life cycle of an RT-Component and provide access to
CORBA naming service. RT-Component can exist as a load-
able module. The loadable module is loaded by a component
manager and an instance of an RT-Component is created by the
manager. A manager also activates a component as a CORBA
object and binds it to a name server. Clients can obtain RT-
Component object references from the name server.

3) RT-Component template generator: OpenRTM-aist pro-
vides a template source code generator for RT-Component
development. The template generator creates C++ and Python
source code from given component profiles and InPort/OutPort
profiles. (Here, “template” is not C++ template metaprogram-
ming.) C++ source code includes a header file, component
source, executable component source code, Makefile and
specification file of the RT-Component. A standalone RT-
Component executable and a loadable RT-Component module
are created from these files.

B. Experiment

We applied RT-Component to a force controlled manipulator
systems.
At first, the following RT-Components were developed.

o Force/torque sensor on endeffector (Nitta, IFS).

o PA10 manipulator component (Mitsubishi HI, PA10).

o HRP2 arm component (Kawada/AIST, Humanoid HRP2
Promet).

« Joystick using force/torque sensor (Nitta, IFS).

o GUI slider gain tuning tool.

o Dumper controller component.

Figure 7 shows experimental setup composed of a manipu-
lator (PA10 and HRP2 arm), a force/torque sensor, a joystick,
a controller and a GUI slider component.

1) System I: System I is a basic force controlled manip-
ulator system. A manipulator (PA10) component, an end-
effector force/torque sensor component, a joystick component,
a controller component and a slider gain tuning component
are used. All the components were executed in a same PC
(Pentium4, 2.8GHz).

Velocity of the manipulator’s end-effector is given by the
controller. The controller output is calculated from the follow-

RTCS

UML Class Diagram of RT-Component, InPort and OutPort.
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Fig. 7. Manipulator system equipment: Manipulators, an end-effector
force/torque sensor, a joystick, a controller and a GUI slider.

ing control law.

Uref = K(fref - fext) (1)

Here, fiof is reference force/torque, which are generated on
the manipulator’s end-effector. foy; is external force which
is applied to the manipulator’s end-effector. f..¢ is given by
the joystick component which is applied force/torque to the
joystick. fext is given by the end-effector force/torque sensor.
K is damper gain given by the slider gain tuning component.

In the experiment, when force was applied to the end-
effector’s force/torque sensor, it was confirmed that an end-
effector moves in the same direction of force. When force was
applied to the joystick, the end-effector moved. It stops when
the end-effector touched something and the applied force to
the joystick, and the contact force between the end-effector
and the contact object, were balanced.

2) System II: Next, a HRP2’s arm component was devel-
oped and replaced with PA10 arm component in the System [
as shown in Figure 7.

Since the HRP2 arm component InPort was designed by
the same specification as PA10 arm component, the PA10 arm
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component can be replaced with the HRP2 arm component
easily. Although the joystick and the HRP2 are separated
physically, the HRP2 arm can be also controlled from joystick
because of distributed middleware.

In the experiment, when force was applied to the joystick,
it was confirmed that the HRP2 arm moves. Only developing
a new arm component with same specification, a new force
controled arm system can be developed. Here, other com-
ponents, which are the joystick, the slider and the controller
components, except arm component can be used without any
changes in the new system.

3) System III: Next, the controller’s output is connected
to the PA10 arm component and the HRP2 arm component
simultaneously. In this case, the PA10 is controlled same as
System I. Since the controller output of end-effector velocity is
connected to HRP2 arm component simultaneously, two arms’
end-effectors move with same velocity. The PA10 manipulator
acts as a master manipulator of the HRP2 arm. Only using
component used in System [ and System II, a simple tele-
operation system was composed without developing any new
components.

The point is that these four devices components and two
software components are not a monolithic program but pro-
grams completely created separately. Since RT-Middleware is
constructed on distributed object middleware, each component
can be easily distributed on network. RT-Components which
have same InPort/OutPort specification can be replaced easily.
Moreover, a new system can be composed only developing
some new components and using other components which are
already developed.

VI. CONCLUSION

In this paper, we proposed RT-Middleware as a software
platform for robot system integration. About the basic func-
tions needed in case RT functional element is modularized
were discussed. RT-Middleware interfaces for the distributed
object middleware, a component model and OpenRTM-aist as
an implementation were introduced.

Simple manipulator system was constructed using RT-
Components and the RT-Component usability was evaluated.
It was shown that the reusability of software and the flexibility
of integration can be improved if RT-Component is used.
Moreover, since it becomes possible to handle the existing
component as a black box and to combine it, a complicated
system can be constructed easily.

In this paper, we focused on general features of RT-
Middleware and RT-Component. Therefore, other features and
details were not discussed. These are discussed on other papers
(31, [2].

Robot specific features, for example coordinate system
handling, unit definition and conversion of data and so on are
not clearly mentioned in RTM specification and OpenRTM-
aist currently. However these features are indispensable for
RT-Middleware. In the future work, Some of them will be
realized as services, and others will be imported into the RTM
specification.

ACKNOWLEDGEMENT

This work, supported by NEDO (New Energy and Industrial
Technology Development Organization), was performed in the
Joint Research Projects: “Development of Core Technology
needed for Creation of Robotic Fanctions” with Matsushita
Electric Works Ltd. and JARA (Japan Robot Association).

REFERENCES

[1] Noriaki ANDO, Takashi SUEHIRO, Kosei KITAGAKI, Tetsuo KO-
TOKU, Woo-Keun Yoon, “RT-Middleware: Distributed Component
Middleware for RT (Robot Technology)”, 2005 IEEE/RSJ International
Conference on Intelligent Robots and Systems (IROS2005), pp.3555-
3560, 2005.08

[2] Noriaki ANDO, Takashi SUEHIRO, Kosei KITAGAKI, Tetsuo KO-
TOKU, Woo-Keun YOON, “RT-Component Object Model in RT-
Middleware - Distributed Component Middleware for RT (Robot Tech-
nology) -”, 2005 IEEE International Symposium on Computational Intel-
ligence in Robotics and Automation (CIRA2005), p.We-B2-5, 2005.06

[3] Noriaki Ando, Takashi Suehiro, Kousei Kitagaki, Tetsuo Kotoku
and Woo-Keun Yoon, “Composite Component Framework for RT-
Middleware (Robot Technology Middleware)”, IEEE/ASME Interna-
tional Conference on Advanced Intelligent Mechatronics(AIM), 2005

[4] Young-Guk Ha, Joo-Chan Sohn and Young-Jo Cho, “Service-Oriented
Integration of Networked Robots with Ubiquitous Sensors and Devices
Using the Semantic Web Services Technology”, 2005 IEEE/RSJ Inter-
national Conference on Intelligent Robots and Systems (IROS2005),
pp.413-418, 2005.08

[5] Yasushi Nakauchi, Tsukasa Fukuda, Katsunori Noguchi and Takashi
Matsubara, “Intelligent Kitchen: Cooking Support by LCD and Mobile
Robot with IC-Labeled Objects”, 2005 IEEE/RSJ International Con-
ference on Intelligent Robots and Systems (IROS2005), pp.2464-2469,
2005.08

[6] Taketoshi Mori, Aritoki Takada, Hiroshi Noguchi, Tatsuya Harada
and Tomomasa Sato, “Behavior Prediction Based on Daily-Life Record
Database in Distributed Sensing Space”, 2005 IEEE/RSJ International
Conference on Intelligent Robots and Systems (IROS2005), pp.1833-
1839, 2005.08

[71 M.Mizukawa, H.Matsuka, T.Koyama, T.Inukai, A.Noda, H.Tezuka,
Y.Noguchi, N.Otera, “ORiN Open robot Interface for the Network — The
Standard Network Interface for Industrial robots and its Applications —”,
ISR2002, No.45

[8] Makoto Mizukawa, Hideo Matsuka’ Toshihiko Koyama, Toshihiro
Inukai, Akio Noda, Hirohisa Tezuka, Yasuhiko Noguchi, Nobuyuki
Otera, “ORiN: Open Robot Interface for the Network — The Standard
and Unified Network Interface for Industrial Robot Applications —”,
SICE Annual Conference 2002, pp.1160-1163, Osaka

[9] Orocos: Open Robot Control Software. http://www.orocos.org
[10] C. Schlegel, R. Worz, “The Software Framework SmartSoft for Im-
plementing Sensorimotor Systems”, IEEE/RSJ International Conference
on Intelligent Robots and Systems, IROS °99, pp.1610-1616, Kyongju,
Korea, October '99
http://orca-robotics.sourceforge.net/about.html

Fumio OZAKI, ”"Open Robot Controller Architecture (ORCA)”,
IROS2004 Workshop on Robot Middleware toward Standards,

Fumio OZAKI, “Open robot controller archtecture (ORCA)”, AIM2003
Workshop: Middleware Technology for Open Robot Architecture
Kohtaro SABE, “Open-R : An Open Architecture for Robot Entertain-
ment” , AIM2003 Workshop: Middleware Technology for Open Robot
Architecture

Kapoor, C. Tesar, D., “A Reusable Operational Software Architecture
for Advanced Robotics”, Proceedings of the Twelfth CSIM-IFToMM
Symposium on theory and Practice of Robots and Manipulators, Paris,
France, July 1998.

Minsu Jang, Jachong Kim, Meekyoung Lee and Joo-Chan Sohn,
“Ubiquitous Robot Simulation Framework and Its Applications”, 2005
IEEE/RSJ International Conference on Intelligent Robots and Systems
(IROS2005), pp.3213-3218, 2005.08
Brian P. Gerkey, Richard T. Vaughan, Kasper Stoy, Andrew Howard,
Gaurav S. Sukhatme, and Maja J Mataric, “Most Valuable Player:
A Robot Device Server for Distributed Control”, Proceedings of the
IEEE/RSJ International Conference on Intelligent Robots and Systems
(IROS 2001), pp.1226-1231, 2001.11.

[11]
[12]

[13]

[14]

[15]

[16]

[17]



	_URAmI2005_Ando.pdf
	Main
	Program
	Table of contents
	Invited paper
	Behavioral Development for a Humanoid Robot: Towards Life-long human-robot partnerships with QRIO
	Robots and RT Systems in Human Environments
	Robotics in Knowledge Embedded Space
	Robotics and Mechatronics for Active Longevity

	Technical paper
	1. Network Robot Collaboration Technology for Service Appliances
	2. Home Automation System using Intelligent Mobile Robot in Ubiquitous
	3. Human Behavior Recognition by Using Vision Sensors in a Network Robot System
	4. Network Robot Platform for Information Sharing and Collaboration Between Ubiquitous Sensors and Robots
	5. A Proactive Service Platform for URC
	6. Position estimation from multiple RFID tag readers
	7. Cognitive Architecture toward Social Interaction
	8. Extraction of Skeleton Features Using Hybrid Silhouette with Skin Information in Intelligent Robot System
	9. Real-Time Face Recognition for Mobile Robots
	10. A Vision-Based Context Understanding System for Mobile Robot Applications: Design Issues
	11. Inference of High-level Context using Fuzzy Bayesian Network for Music Recommendation of Service Robot
	12. Sound Source Classification Using CART
	13. Robot Skill Components for RT-Middleware
	14. System Design for "Ubiquitous Robotics" with Functions
	15. Design of Ubiquitous Functions for Networked Robots in the Informative Spaces
	16. Twisting Based Manipulaton by Robotic Fingers with Common Rotational Axis
	17. Robotic Dexterity by Multi-fingered Hand with Soft Fingertip
	18. Standardization of Intelligent Service Robots in Korea
	19. System Design and Service Concept in the Physical Agent System
	20. An approach to the standardization of the Robotic Technology
	21. Common Robot Interface Framework for Device Abstraction
	22. Development of modulated component for opened and standardized robot design
	23. Robot Middleware and its standardization in OMG
	24. RT(Robot Technology)-Middleware-Towards Component Based Networked Robot Systems Development
	25. Reinforcement Learning based Distributed Routing Algorithms for Mobile Robots
	26. OSGi-based Dynamic Service-Lifecycle Management in CAMUS
	27. A Simple Motion Generation Method with BVH Files for Networked Humanoid Robots in Ubiquitous Network Systems
	28. Online Locomotion Generation for Humanoid Robots through Networked Knowledge Bases
	29. Shared Autonomy for Mobile RT Agent beyond Network
	30. DDT Project - An Overview
	31. Overview of Information Infrastructure and Ubiquitous Device for the Victim Search
	32. Autonomous Blimp System for Aerial Infrastructure
	33. Communication Protocol and Data Format for GIS Integration
	34. Object Recognition Using 3D Tag-based RFID System
	35. Design and Application of u-Ring: A Universal Gesture-based Interface
	36. RF Signal Restoration Filter for Ubiquitous Location Sensing
	37. A localization Sensor Suite for Development of Robotic Location Sensing Network
	38. Time Synchronization in Ubiquitous Robots Positioning
	39. Cooperative Environment and Robot Applications
	40. Indoor Localization Scheme of a Mobile Robot Applying RFID Technology
	41. Ultra-sound based Scalable Localization System for Mobile Robots
	42. Robot Navigation in Partially Observable Domains using Hierarchical Memory-Based Reinforcement Learning
	43. Preliminary Results on the Navigation Component of Mobile Robots: A Business-Oriented Approach 
	44. Active Range Sensing and Grid Map Building using Halogen Sheet-of-Light
	45. A New Feature Map Building from Grid Association
	46. Rotaing IR Sensor System for 2.5D Sensing
	47. Performance Analysis of UWB Positioning System for Indoor Mobile Robots
	48. A CHAOS SEARCHING METHOD FOR MOBILE ROBOT CONTROL
	49. Computational and experimental investigation of the wave fields generated by ultrasonic transducer
	50. Context Awareness for Nomadic Human in Robot Environments
	51. Flexible 3-axes Tactile Sensor Fabricated by Si Micromachining and Packaging Technologies for URC
	52. Development of Effective Locomotion Based on the Biologically Inspired Approach
	53. Dynamic Task Scheduling for Ubiquitous Computing Service
	54. Intelligent Digital 3-Axis IMU for Robotic Applications
	55. 3D Shape Restoration of Objects using Rotating Mirror and Mono-camera-based Depth Measurement System
	56. Context Knowledge Modeling for Ubiquitous Computing
	57. Construction of Bayesian Networks for Context-Aware Service Robot
	58. Development of Lightweight Mobile Agent Platform for URC Environment
	59. Case Based Reasoning Engine for Intelligent Robot Platform
	60. A Robot Photographer with Human Interaction
	61. Emotion Coordination Model for Autonomous Robot
	62. A Simple and Easy 2D/3D Map Modeling of Indoor Environment
	63. Priority-Driven Network Protocol Processing for OS-Level QoS Support
	64. Stable Trajectory Generation of Biped Robots with Multiple mass model for Impact Force minimization
	65. Behavior Management System based on Memory and Attention Theory
	66. Automatic Focusing of Visual Attention for a Robot Vision System
	67. Feature Matching based Localization using the Filtered Range Seosor Information
	68. Visual Context-based Scene Interpretation in Indoor Environment
	69. Some Design Issues on intelligent Robot Software Platform
	70. Face Recognition Using an Enhanced Component Representation for Human-Robot Interaction
	71. User Identification Method for Personallized Service in Ubiquitous Home Environment
	72. Path Planning for Multi-Autonomous Mobile Robots
	73. A Design of Sensor Framework for CAMUS
	74. Surgical Robot Dexterity
	75. Network-based Humanoids ‘MAHRU’ and ‘AHRA’

	Industry paper
	1. Specific Person Tracking in Real Time and Robust for Mobile Robot
	2. A High Resolution Omni-directional Camera System for Mobile Robots
	3. Depth-Map Lib. & Distance Calculation Utility for Robot Vision
	4. Development of Ultrasonic Sensors with Specific Beam Characteristics for Intelligent Robots
	5. The User Interface for Remote Control Robot with PPA
	6. A Teaching Assistant Robot in Elementary Schools
	7. Ubiquitous Robot based Authoring Tool
	8. Scenario-based Dialogue System Using TDML On Service Robot

	Search This CD-ROM
	CD-ROM Help
	Exit



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


