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Robots have taken more and more important roles in human life. That is, they are not
only working in factories and hazardous environment but also being introduced in applications
like welfare services and amusement agents, where interaction with human is crucial. In the
future, we envision interactive robots assisting humans especially the elderly and the disabled in
daily life. Such robots coexist and interact with humans in a human-friendly manner.

To develop such robots we need to address two main problems of how to integrate
various robotic components, and how to control robot behaviors so that it interacts with humans
reasonably. The first problem involves architectural design of the system in the component level,
i.e, how robotic components can be combined into a single system. The second problem
involves designing the brain part of the system, which manages robot actions and interactions
with human. There are several approaches in designing robot architectures to accommodate these
problems, e.g., behavior-based, plan-based, and knowledge-based approaches. In our research
group, we have been focusing on the knowledge-platform-based approach using the frame model,
and have developed a sofiware platform for robot system development called the Sofiware
Platform for Agents and Knowledge (SPAK), in which a general purpose software platform
integrating various robot devices and applications is placed at the center of the system.

In this work, we extended SPAK to overcome the problems of representing changing
knowledge and limitations in managing human-robot interactions found when deploying SPAK
in a robot system. New extensions to the conventional frame model, namely, time-based layer,
periodical task evaluator, and priority support for frame-related actions, are proposed and added
to SPAK. With the time-based layer, the knowledge manager keeps track of changes of the
knowledge contents and provides methods to access this history data. One can, for example,
query a frame’s age, old values of a slot at an absolute or relative point of time, and set the
frame’s condition based on this history data. The periodical task evaluator regularly checks the
validity of the knowledge contents, fixes it if needed, and executes actions. Designers can
specify actions to be done periodically in an event-driven slot, whose contents will be executed
by the evaluator. Priority support for frame-related actions allows the knowledge designer a
fine-grain control of the execution order of frame-related actions. Each frame can be assigned
with a priority value in a system slot. SPAK engine will respect these values when conducting
actions like frame instantiation, updating, deactivation, and evaluations. These new extensions
can be used via new special system and event-driven slots, and slot flags added to SPAK.

To very the utility of SPAK and to illustrate how a robot system can be built based on
this architecture, a demonstration system on a humanoid robot was developed, with a sample
dialogue management application. The knowledge model for the dialogue manager is shown.
The current knowledge-based dialogue manager can handle basic human commands, state-based
and form-filling dialogues. A multi-agent technique is employed to connect various robotic
hardware and software components designed as agents together on the network. The prototype

system was set to make dialogue interactions with a human in three scenarios: basic learning,



greeting, and future welfare robot.

This dissertation makes three contributions to the fields of knowledge engineering,
dialogue systems, and robotics.

First, the thesis proposes a design concept for the knowledge manager, the brain part of
the robot. We based our design on the frame knowledge model because of its simplicity and
naturalness, and introduced dynamic extensions to the conventional frame model to support
robot behaviors control. Various robotic applications can run and share knowledge among each
other on the platform.

Second, the thesis proposes a novel design of a knowledge-based dialogue manager for
robot as an application on the platform. The design and internal mechanism are natural, easy for
developers to understand. With tight integration with the knowledge base, the dialogue manager
can easily make use of the knowledge and facilities provided.

Third, the thesis contributes a knowledge-based robot architecture with an
implementation as a robot system that interacts with humans in the laboratory environment. The
system components include SPAK, the designed dialogue manager, various software and devices,
and a Robovie humanoid robot. With SPAK, we show that it is simple and intuitive to develop a
multi-modal interactive robot system.

A SPAK-based robot system has an important feature of frames and agents being
integrated seamlessly in a distributed environment. A prototype system with a sample dialogue
management application has demonstrated interesting functions for future symbiotic robots.
Ultimately, this dissertation demonstrates the concept of employing a knowledge platform as the
base layer of a robot system. The platform works as glue connecting various robotic devices and
applications together. We believe that this is a major step forward towards achieving intelligent
future robots.



M ERERROER

ERuRy FEMICBTAMERREIBEACRY, Z__RHST.HEORRLER B#
8. BXOAD L 2 BEBEZITIAE Ry PRRLATEY Bk —v 2%
~ORBENHBFINBZ LR o, LALENSL ELOMBIER Ay b OEFHEK
A= AL BT THY ANLORFORBCLELMENRNETORELR, &
BIERBRIShNEFEEAZEEO— D THILLEBIC, Beulry VRY 7 MU T 2K
T BEDDY T ITT « Ty N7 F—ABARARTH D,

Pattara Kiatisevi EDOHRXIT AL EFLAZBT A 2 BRI KRHtERELE TR
v NCETAHETHY  J@FE Ry hOETF Y V7 L MBRAFEY AT HICET D H
LWEAEFALLEZBREFORERFTLTHD, B, NBLBEEWK., vV FE—F
LEH, ==Y PR, S8Y 7 Py TEHN, @SR -V A M RFERE
T 200Kt REERRY POT—FT 7 F ¥ —2REBEL TS, ¥, ZThz
EFHTBEHIC., Internet DO HBE T OEETI 7 VAR AAMBALEY 7 by
TF7 S5y hT7x—h SPAK OB L, ThiTEILKOBT—FTI/7F ¥ 2 REL,
PEAEHSRE L L CERMAE L ANEBELBEFAERAMT I IR -2 T, ERET
TOAEBRY NEDOHERX—VAVFETAELVABRFCERCTESLZ L 2RI
L. %BOFRACEERTIREEZ T,

AL SENLRY E1E-FE2ERNFRB3E-FTENARESENLETLDT
B, RTE1ET, MEDESE., EWNLAXOHEREZBRF2ETCEAHADOE K
ThHArAEBILHAECBITAEMY—YY2aRy hOBE®RZRLEVWTAAL VT —
I BEBEOENT L — AB B AT AREV AT LAY N, L, EREMae Ry b
VAFALA~DRBESLEREAEZEBL, AROERELTVD, E3ET,FWMID
BB DETHL OB ARy b T—FF 7 F ¥y —2REBLTND, T
N BELEEN, = — V= PN, OBRLABEREFEREG LEBFRLEBET NV TH Y,
BeroRy VAV 7 VYT OHALETNERETES Ty b7+ —LThHD, H4
ETIHMBCESE AMEOLDIER LEYEIBLET T v b7+ — 5 SPAK
DOHBHEBAE TFEABE HBEOBELZRATWS, TOFT,HEnRy POREICH
R EHRAMBLABLEALEBELZREL VD, E5ETSPAKDOEAHL LT
HETX— VX —OEAEFTARREL HHRNFE~F— VA PCXLELR BREE
VAT A RERGAEGELE, ERNAETHEOMBR AL LIBMEETVERESR
LTW3, 6 ETIR,BFAFESECBT 2B Ry F2RELEAFE YT I A Z
FIEEL L7 b A T52RELBELTWAT e —FOoFAKERL TS, #i
KETETR. IEREOFRMEIDORA TALL, Y7 b7 - 77y b7 4
— XA SPAK O fAitE M~ — ABHHE VAT LAOEHME, BLOCSBMELE R v
M 7T—%F7 7 Fx—OFRULZFIMLESETSHROBRELZRLE,

HEEEBLSRI AMERBHe Ry PEokttRELAe Ry PBIVHMEY AT A
DHRBICEBLT, BEERFHN» OBRNARELZEZ TS LHKL, BERmXEL
THHRRBETHB LERDIE,



