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Recently, various types of robot partners have been developed to realize social
interaction with people in daily life. A robot partner requires a cognitive model
like human being to conduct social interactions. Various types of cognitive models
have been proposed in psychology and cognitive science. For example, a simple
cognitive model based on subsumption architecture has been successfully applied to
easy tasks, but it is difficult to apply those kinds of cognitive models practically
to social applications based on human interaction. Furthermore, we need a methodology
to easily change the specification of hardware and software according to diversified
needs, and the developmental environment to design the contents on verbal and
nonverbal communication with people. The system integration based on modularization
is very important in order to facilitate social implementation while reducing

development time and cost

This thesis proposes robot partners with a modular cognhitive model based on
modularized architecture of hardware and software, and proposes a developmental
environment to realize easy contents design of verbal and nonverbal communication.
First of all, I propose a modularized architecture of robot partners using smart device
to realize the flexible update based on the reusability of hardware modules and
software modules. Especially, I focus on the easy hardware design of robot body with

two arms by using 3D printers, and the easy implementation of applicable software



libraries. Next, I propose a modular cognitive model composed of cognitive system,
emotional system, and behavioral system to easily realize social interaction with
people. Next, in order to solve the problem of difficulty in the content design, I
develop a design support environment using design templates of communication contents
based on the proposed modular cognitive model. Finally, I conduct preliminary

experiments on the integration of robot partners based on the modularized architecture
by different sets of hardware modules and software modules. Furthermore, I discuss
the effectiveness of the proposed modular cognitive model for robot partners through
social implementation and experiments in addition to the development of communication

contents using design templates.
This thesis consists of six chapters described as follows.

Chapter 1 gives the introduction of this thesis. First, I present the social and
research background related with this thesis. Next I explain the aim and the overall

organization of this thesis

Chapter 2 shows the technical background and recent progress on robot partners

and their applications.

Chapter 3 explains the modularization of hardware and software, and proposes a
modularized architecture of robot partners using smart devices. First, I define the
basic specification of robot body and arms in order to design the shape according
to the target aim, and propose various types of robot partners using different degrees
of freedom. Next, I propose a modularization method to easily change and update the
combination of software modules such as voice recognition and image processing

according to the detail of services requires to a robot partner.

Chapter 4 proposes a modular cognitive model based on the modularized architecture
of hardware and software explained in Chapter 3. First, I discuss the minimal
combination of system modules in the cognitive architecture required for the social
implementation. The modular cognitive model is composed of cognitive system,
emotional system, and behavioral system to easily realize social interaction with
people. Each system module works independently. Since these system modules are
mutually interconnected and coupled, the robot partner can conduct human—friendly
communication dependent on the emotional system and behavioral system by
communication contents. I discuss the effectiveness of the modular cognitive model
from the various points of view, and show the proposed method through the social

application.



Chapter 5 proposes a design support environment of communication contents based
on modular cognitive model of robot partners. First, I propose design templates for
easy design of communication contents. Next, I apply the proposed design templates
to communication contents for demonstration of robot partners at events on exhibition
halls and robot contests. Experimental results show that contents designers
unfamiliar with the robot development can develop communication contents by using
the design templates according to the guideline. Next, I apply the proposed system
to elderly care by robot partners. Furthermore, I show several examples of the easy
customization of communication contents according to the different aims, and discuss

the applicability of the proposed system in social implementations.

Chapter 6 concludes this thesis and discusses future works on the solution.



