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Home Robot Interface Innovated
by Familiar Behaviors*®

Daisuke YAMAMOTO

Abstract

Recently, robotic interfaces have been attracting attention in view of their potential to
serve as intermediaries between complicated information equipment and users. For the
robotic interface, the user wants to operate the robotic interface by voice instruction that is
easy to input. However there are two problems. One is that the voice recognition is difficult
especially at home and by inexperienced users. Another is that the voice instructions are
decided beforehand. I propose to make the robot act like an infant. The user will accept
recognition error by the robot. And the user will be able to teach the user-defined
instructions, naturally.

At first, I innovated by infant's familiar behaviors to the robotic interface. The effects of
the familiar behaviors installed in a robotic information home appliance, "ApriAlpha", are
studied. The experimental results show that the task execution with speech repetition, object
gazing and moving to object has the highest score for the familiar factor. The familiar factor
the case in which the user orders to the robot with the familiar behaviors and it makes a
mistake, and in case the user orders to the television and it operates correctly was almost
equal. Therefore, it checked that the introduced the familiar behaviors make a tolerant of the
error recognition. Moreover elderly people tend to prefer familiar behaviors more than
young people do.

For the 2nd problem, I developed the learning method like an infant. This method is

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0461042, 7??, 2007.
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when the unknown operation for the robot is carried out, the robot ask the meaning of the
operation to a user. Then, the robot memorizes the user’s word and the operation related
with the word. Next, if the user orders the word, the robot will perform the memorized
operation related with the word. I installed this method to the ApriAlpha, and evaluated the
effect by the subject experiment. As a result, the robot memorizes the user-defined
instructions automatically by this method. It enables the user to operate it at a high
operation rate as the robot memorizes the instructions.

In conclusion, that introducing the familiar behaviors in character with an infant makes
the tolerance of the robot’s mistakes, and it is useful for the interface that is possible with

natural word.
Keywords:

Robotic Interface, Infant’s Familiarity, Tolerance of Mistakes, Learning of Word,

Interface for Elderly People
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1. Introduction

In recent years, home network systems are being introduced in line with the progress of
broadband technology. A home network system connects home appliances and information
equipment in the home(Fig.1.1). The home appliance having many convenient functions is

composed for a user to variously utilize.

o
e

Internet

&
=
2

Robotic
Interface =

e

N

e S

Home Network

Fig.1.1 Home Environment in the Near Future

1.1. Overview of the Information Home Appliance

Although the expectation is that people will be able to enjoy a convenient and comfortable
quality of life by using these networked and advanced home appliances, at present the user
interfaces of these apparatus are complicated and not human friendly. The user must select
his/her desired function from many functions. In case of not finding the desired function, it
is inconvenient for the user. Generally, the difficulties are particularly acute for the elderly.

Accordingly, up to the present, an interface apparatus between the information home

appliance and the user is taken into consideration. For example, an interface apparatus



preparing a dictionary in which the user’s operation by speech or gesture and the meaning
contents of the operation are edited by each user. Furthermore, by using a directory service
such as UPnP (Universal Plug and Play) or UDDI (Universal Description Discovery and
Integration), an apparatus for presenting functions of the home electric device to the user
(client device) is known. In case that a plurality of client devices cooperatively has a
plurality of functions, the client device for presenting contents of this cooperative function
to the user is researched. In this case, the client device functions as the interface apparatus.
However, a function of the home electric device is described by a designer’s original rule.
Accordingly, even if the interface apparatus realizes the function as it is, the user cannot
usually understand the function. Moreover, in order to convert the function to the user’s
understandable expression, the interface apparatus must previously have had a dictionary
installed including an expression corresponding to each function. In this case, the designer
takes much time for designing the interface apparatus, and this hinders general-use of the
interface apparatus. For example, the designer must install a dictionary related with a
predetermined home electric device onto the interface apparatus, and this interface

apparatus can be utilized for the predetermined home electronic device only.

1.2. Overview of the Robot Interface

Recently, robotic interfaces have been attracting attention in view of their potential to
serve as intermediaries between complicated information equipment and users. Until now,
industrial robots perform tasks precisely according to the instructions, pet robots move and
act like dogs, cats, or cute bears. Secretary robots and delivery robots in offices can deal
with limited tasks interactively, and carry letters and documents to specified places in
offices. All of these robots, however, can move around autonomously and communicate
with human beings by limited media interactions. Since current robots convey a certain
feeling of familiarity and also demonstrate a set of friendly behaviors, these robots are
expected to be used in the home.

For the robotic interface, the user wants to operate the robotic interface by voice



instruction that is easy to input. However there are two problems (Fig.1.2). One is that the
voice recognition is difficult especially at home and by inexperienced users. Another is that
the voice instructions are decided beforehand. I propose to make the robot act like an infant.
The user will accept recognition error by the robot. And the user will be able to teach the

user-defined instructions, naturally.

Intermediary between
complicated appliances 2 The user wants to operate

and Lllsers the appliances by voice

“Robotic Interface” <1 Issues

@ ™\
Voice recognition difficulties
in the home environment

& i d
T TR ™

beyond user’ s memory
[ iy i

Fig.1.2 The problem of Robotic Interface

1.3. Outline of the Dissertation

In chapter 2, the concept of the familiarity for a home robot interface is discussed. As
familiarity, 1 investigated familiarity of an infant (1-2 years old). This familiarity has the
capacity for mistake and the curiosity for getting new words. In chapter 3, the tolerant interface
for error recognition approach based on infant’s familiarity is described. I implemented a home
robot interface and studied how to install it in a robotic information home appliance,
"ApriAlpha™". In chapter 4, the learning user-defined method is explained. This method is how
a robot gains a user's spoken instruction word so that an infant may memorize language. In
chapter 5, the experiment to evaluate the effect of familiar behaviors described in chapter 3 and

the operation rate of user spoken words described in chapter 4 is evaluated. As a result,



introducing the familiar behaviors similar to those of an infant increases tolerance of the robot’s

errors and it is useful for a natural language interface.



2. Familiarity of Home Robot Interface

2.1. Conventional Robot Interface

The practicality of a robotic interface is an embedded function to execute tasks exactly
according to the user's instructions. The use of a rule-based approach results in a practical
interface. Industrial robots are the archetype of a practical robotic interface. Their
performance of tasks is superior to that of human operators because their tasks are defined
and programmed in advance as rules. Similarly, robotic home appliances must be practical.
A cleaner robot is one type of robotic home appliance. It is an advanced and robotized
vacuum cleaner and has already been commercialized. In the same manner as factory
automation robots, robotic home appliances perform tasks based on rules and must
recognize the working environment and plan their tasks accordingly. They must have rules
for recognizing the environment and for planning their tasks in addition to fundamental task
rules.

In this research, the fundamental knowledge for practicality is discussed in advance in the
form of rules that are as abstract as possible. The insufficiency is compensated by the

familiarity as described below.

Industrial Robot @ Pet Robot

Practical Familiar
e Interf. R I vl
Tasks Only Interface Robot Entertainment Only

Fig.2.1 Interface Robot in Combination with Industrial Robot and Pet Robot
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2.2. Related Researches

According to the report of the Committee on Human Friendly Robots, a human friendly
robot requires four aspects of familiarity: information familiarity, emotional familiarity,
physical familiarity, environmental and economic familiarity (Fig.2.2)."} The last two
aspects of familiarity are concerned with the robots as a product. In this research, since the
robot is considered as an interface without physical work, it requires two types of familiarity,
namely, information familiarity and emotional familiarity. Information familiarity is the
mutual understanding between users and robots. Emotional familiarity is the situation
representation. The robot recognizes the user’s mental state and expresses its own state in

order to enhance the user’s understanding of the robot’s condition.

A Human-Friendly Robot Requires |] In this Research Requiresl
/-

Information :> Mutual understanding between
Familiarity the users and robots
Emotional — Situational representation
Familiarity to express its own state

Physical ':> Safety for physical contact

Familiarity and physical working

Environmental and — Initial and running costs as a
Economic Familiarity commercial product

N

Fig.2.2 Familiarity Category

Conventional robots have neither information familiarity nor emotional familiarity. In the
case of pet robots, such as AIBO", the emphasis is on emotional familiarity. The

tail-wagging motion expresses a contact state detected by a touch sensor etc. as the robot's



own mental condition. On the other hand, information familiarity is important in the case of
Infanoid™ or Robovie!*. For mutual understanding of the user and the robot, information
sharing is required. Then, the robot shares the object that both it and the user are looking at
and plans to carry out information sharing,.

Two methods for generating action are applied in conventional robots. One is a rule-based
method which involves designing action generation rules and implementing them in advance.
The other is a learning-based method which involves acquisition of the action generation
method for human evolution or a development process by studying a reference. Although
these have various purposes and techniques, from the authors’ viewpoint, they are classified
based on both information familiarity and emotional familiarity as two techniques for
conventional robots. AIBO uses a rule-based method to achieve emotional familiarity. On
the other hand, WAMOEBA"’ uses a learning-based method based on the concept of
self-preservation. To achieve information familiarity, Infanoid uses a learning-based method,

whereas Robovie uses a rule-based method.

Robovie® | Information Familiarity hnfanoicp)

l Rule-Based Learning-Based
< >

AIBO2$

“WAMOEBA®

Emotional Familiarity

Fig.2.3 Implementations and Contents of Robot Familiar Behaviors

The objective of this research is to realize a robotic interface that possesses both

information familiarity and emotional familiarity. The robot’s emotional familiarity helps to



clarify the user’s ambiguous instructions in a voice dialog. If a robot acts like an infant, the
user will give intelligible instructions to the robot in a manner similar to that of parents
giving instructions to an infant. The user will accept incorrect recognition by the robot and
will be willing to repeat an instruction in the same way that parents are tolerant of their
infant's mistakes. Furthermore, the robot can increase information acquisition opportunities
by means of emotional familiarity and can thus increase the information shared with the user.
With regard to the increase in information familiarity, as an infant gradually comes to
understand what his or her parents say and takes appropriate action, the robot gradually
offers a suitable service in response to the user’s ambiguous directions. As for the method of
realizing these two aspects of familiarity, we refer to the developmental psychology of

infant,

2.3. Demonstrations of Behaviors Fusion

As an example of a robotic interface that has both practicality and familiarity (information
and emotion), we describe a demonstration conducted using the ubiquitous home

constructed as part of the UKARI project®™®! (Fig.2.4).

Cameras

Distributed
Database of
Environment and
Human actiors

Face posture of user|

Fig.2.4 Experiment in the UKARI project



While the mother is watching TV in the sitting room, the child returns home. First, the
robot (ApriAlpha™) looks in the same direction as the mother. (Fig.2.5 (A) - This scene
expresses information familiarity with the mother.) Then, as the child returns and the
doorbell rings, the robot displays the image captured by the door camera on its display and
shows it to the mother. (Fig.2.5 (B) - This scene expresses practicality based on the rule of
showing the user an image obtained by the door camera when the doorbell rings) From the
image, the mother knows that the child has returned and instructs the robot to welcome the
child at the door by saying, “Go to Welcome!" Accordingly, the robot goes to the door,
saying, “Welcome! Welcome!” (Fig.2.6 (C) - This scene expresses practicality based on the
rule of moving to the appointed place when commanded to do so. Emotional familiarity is
expressed by simultaneous imitation.) If a child is seen at the door, the robot follows the
child. (Fig. 2.6 (D) - This scene expresses emotional familiarity with the child.) In this
demonstration, the robot acquires not only the sensor information on its own but also the
sensor information from the ubiquitous home via the distributed database of the
environment and human actions that have been developed for the UKARI project and use
this information. For example, the robot turns its face according to the direction in which
the mother looks from the environmental camera and projects the image information from
the door camera. Following the child, the robot acquires the positional information of the
child from floor sensors via the distributed database. In this demonstration, the effects of
practicality and familiarity proposed in this research can be roughly estimated.

The above demonstration includes three fusion methods; the switch method, the parallel
method, and the suppress method. (Fig.2.7) The switch method changes the practical
behavior and the familiar behavior. The Fig.2.5 (A) and (B) show the switch method. While
the mother is watching TV in the living room, the robot executes face tracking of the
familiar behavior. The doorbell ringing is a trigger to switch the familiar behavior to the
practical behavior. In the parallel method, the practical behavior and the familiar behavior
are executed at the same time. The familiar behavior embellishes practical behavior and
makes various. The Fig.2.6 (C) shows the parallel method. The practical moving motion to
the door and the familiar speaking motion “Welcome! Welcome!" are paralleled. The

suppress method is that the familiar behavior suppresses the practical behavior. The Fig.2.6



(D) shows the suppress method. ApriAlpha™ likes the child so that he forgets the practical

behavior of going to the door and achieves only the familiar behavior of following the child.

(A) Looking to the same direction as mother looks

(B) Showing the door camera's view

on the attached display
Fig.2.5 Example Scene of Fusion Experiment (1)
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s

Welcome! Welcome!

(C) Going to the door and Saying

“Welcome! Welcome!”

(D) Following the child

Fig.2.6 Example Scene of Fusion Experiment (2)
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Doorbell “Go to Finding
Ringing welcome!” | |the child
‘Show the  ||Goto 0
‘image at | | the door the
the,door | vito wel’come jeico
Practical / . . l N _, / o / i
Behavior| s | o0 |
s S l e SRR i : 5
' Fusion | 1| Parallel ||| |Suppress
1
Familiar ﬁ IIIIIIII* ﬁ
Behavior \_ / A ,I A ! /
Face 'Tracking i Speaking Followin
“Welcome, the chil
Welcome!” I

Fig.2.7 Example of Fusion Control Sequence

2.4. Familiar Behavior Innovation

2.4.1. Capacity for Mistake Recognition

The voice instruction is important for the home robot interface because it allows the user
to operate the robot naturally. Using current technology, the voice recognition accuracy is
insufficient for practical use on a routine basis. In the foreseeable future, voice recognition
technology is unlikely to advance to the level such that complete voice recognition is
realized. Thus, the home robot interface must have built-in tolerance against
misunderstanding.

I refer to an infant’s familiar behaviors'® for the interface design solution. An infant’s
familiar behaviors elicit the parent’s intelligible instructions when the infant misunderstands

the parent’s voice instructions (Fig2.8). An infant’s familiar behaviors are as follows;
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Speaking: babble, a word speaking, repeated speaking,
Gazing: face tracking, gazing to face, etc.

Moving: person following, object following, etc.

Intelligible
instructions

Tolerance of ]
Ehis mistakes < [ Mistake!

Fig.2.8 An infant’s Familiarity

2.4.2. Operation by User-defined Instructions

For practical use on a routine basis, the need to achieve highly accurate recognition of
voice instructions constitutes the other major issue. The verbal problem is the vocabulary. If
all vocabulary is registered, highly accurate voice recognition is realized. The user’s
vocabulary in everyday use includes diverse abbreviations, buzzwords and so on. So it is
unrealistic to register all vocabulary in everyday use.

Our solution is increasing the vocabulary to learn the user’s words using home appliances.
In such an approach, the curiosity of an infant is effective (Fig.2.9). An infant is full of
curiosity regarding new things and new experiences. And an infant is a keen questioner.
Parents want to come to let an infant know spontaneously to the question. I utilized the

characteristics of an infant in the present work.
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What are you
doing?

Willing
instructions

Fig.2.9 An Infant’s Curiosity

2.5. Summary

In this chapter, the difference from the conventional robot was indicated to be the home
robot interface described in the preceding chapter. And the hypothesis that familiarity and
practicality were important was built up for the realization. The following chapter, by

utilizing this familiarity describes solution of two subjects.
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3. Tolerant Interface Error Recognition by
Familiar Behaviors

3.1. Familiar Behavior Based on Developmental Psychology

In developmental psychology, Piaget divides a child's development process into four
stages. The first stage is called the sensorimotor stage (0-2 years old). In this stage, the child,
through physical interaction with his or her environment, builds a set of concepts about
reality and how it works. Simultaneous imitation (parrot-like imitation), which imitates the
previous partner's acts, is performed, and delayed imitation, which involves a lapse of time
between the act of the partner and its reproduction by the child, is performed at the end of
this stage (around 2 years old). '

Information familiarity and emotional familiarity are directed by combining these two
imitative actions. Simultaneous imitation shows how the robot has recognized the user’s
instructions. Delayed imitation demonstrates the adaptability to the user because the robot
imitates the user’s past actions. Simultaneous imitation and delayed imitation can lead to
new actions in addition to the rule-based actions mentioned in chapter 2. A practical
interface is realized by the rule-based actions and a familiar interface is realized by the
simultaneous and delayed imitations.

The proposed robot acts in accordance with a rule-based algorithm for the practical
interface and in accordance with a learning-based algorithm for the familiar interface. Since
it acts like a child, the control mechanism based on the two algorithms looks like the actions
of a child. While a child obeys its parents' instructions, he or she is distracted by interesting
things and forgets the instructions. Children do not wish to lose an opportunity to attract
their parents’ attention. The robot alternates these interfaces like a child according to the
recognized conditions. While the robot performs tasks by means of practicality behavior
control, the robot finds opportunities to act by means of familiarity behavior control. While
the robot does not perform any tasks, the robot is controlled by the familiarity behavior

control in order to attract the user’s attention.
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3.2. Implementation of the Robot Interface

The above-mentioned framework was installed in a robotic information home appliance,
ApriAlpha™, which is currently under development (Table 3.1 and Fig.3.1) ! at Toshiba
Corporation. Furthermore, ApriAlpha™ cooperates with a distributed database of
environments and human actions and the interaction field model proposed in the UKARI
(Universal Knowledgeable Architecture for Real-Life appliances) project.® The distributed
database stores information concerning person-to-person, person-to-appliance and
person-to-service interfaces, which is obtained from sensors and other devices, by
structuring it. The interaction field model is designed to express the interactions between
human beings and appliances as potential energy functions and to propose a framework for
producing services through the interactions of potential energy."’

A block diagram of the ApriAlpha™ modules and the UKARI system is shown in Fig.3.2
Moreover, we consider that the imitation action of a robot has an embodiment different to
that of a human. The ApriAlpha™ system consists of two interface modules and two control
modules. The interface modules are an actuator interface and a sensor interface. The
actuator interface module mainly controls the three functions; gazing, speaking, and moving.
These three functions are used for expressing familiarity to the user. The sensor interface
module controls cameras that serve as “eyes”, microphones, wheel encoders, and ultrasonic
sensors for obstacle avoidance and sends the sensor data to the distributed database. The
control modules are separated into two parts; a basic control module part and a fusion
control module part. The basic control module part serves as a bridge between the actuator
interface and the sensor interface by a feedback loop. The fusion control module part
combines practical behaviors and familiar behaviors based on the following method.

ApriAlpha™ has the three motions; gazing, speaking and moving. Using these three
motions, ApriAlpha™ achieves practical behaviors. Gazing motion is to announce to the
user that ApriAlpha™ awaits the user’s instructions. Speaking motion is to attract the user’s
attention and notify some information. Moving motion is to go to the target position.

In addition to the three motions, ApriAlpha™ does useful tasks via the network. The

attached display of ApriAlpha™ shows the door camera's view or any other information
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from Web sites. ApriAlpha™ recognizes the user’s instruction by speech recognition

function and controls the various home information appliances.

Table 3.1 Specifications of “ApriAlphaTM”

Dimensions 350 x 350 x 380mm (w x d x h) (Weight 9.5kg)

CCD Cameras (2), Ultrasonic Sensors (6),
Sensors Microphones (3), Speakers (2),
Interfaces TFT Liquid Crystal Display with Touch-Screen

2 Drive Motors and Wheels; Speed: 0.5m/s
3 Motors of Camera’s Pan/Tilt Motion

Movement .
1 Motors of Display Open-Close Motion

High Output Lithium-Ion Battery (Integrated)
Battery 2 Hours of Uninterrupted Operation with Battery

Communication with External PCs, Home Servers,
PDAs and Mobile Phones through Wireless LAN
Communication with Bluetooth™ Equipment

Transmission/
Communication

R TRl through Home Server
Wireless
CCD Cameras Infrared 7 / LAN
with Pan/Tilt / Remote N
Motion : control : 3

TFT LCD with

L Touch-Screen
Speakers
Microphones
; Ultrasonic
% Hive Sensors Li+ Battery
Motors and
Wheels

Size: 350x350x380 mm Weight 9.5 kg

Fig.3.1 Overview of Robotic Information Home Appliance, “ApriAlpha™”
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Fig.3.2 Block Diagram of ApriAlpha™ Modules and the UKARI System

3.3. Experimental Evaluation

In order to evaluate the effectiveness to the voice recognition error by infant's familiar
behaviors introduction, the impression evaluation experiment using the SD method

(semantic differential method) was conducted.
3.3.1. Preliminary Experiment

The experimental procedure of the preliminary experiment is as follows. A subject sits
down in front of a television and the robot. The subject gives instructions to the robot by
voice and changes the television channel. (Fig.3.3) The responses of the robot are controlled

by 6 conditions.
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Fig.3.3 Scene of Preliminary Experiment

The behavior executions are as follows: the practical behavior without the familiar
behavior, the familiar behavior without the practical behavior, and the practical and familiar
behaviors. The practical behavior is to change the television channel. For the familiar
behaviors, two motions are prepared. One is speech repetition. The other is gazing at the
subject’s face and the television. The other two conditions are for the execution of speech
recognition.

Table 3.2 shows the experimental conditions. Pattern A is the practical behavior without
the familiar behavior. If the subject directs “the 4th channel, please!”, the robot changes to
the 4th channel of the television via the network. The television displays the channel
number. Pattern B is the familiar behavior of speech repetition without the practical
behavior. If the subject gives the instruction “the 4th channel, please!”, the robot says “the
4th channel, the 4th channel” but does not change the television channel. Pattern C is the
practical behavior and the familiar behavior of speech repetition. Pattern D is the practical
behavior and the familiar behavior of gazing. The robot gazes at the subject's face and the
television alternately, and changes the television channel. Pattern E is the familiar behaviors
combination of speech repetition and gazing. The robot speaks repeatedly and gazes at the
subject's face and the television alternately, but does not change the television channel.
Pattern F is a combination of all the behaviors. The familiar behavior of gazing without the

practical behavior is neglected because the subject cannot understand the meaning of this
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behavior. Each subject tries 6 times for each pattern. The robot does not recognize subject
instructions 3 times per 6 times. The orders of recognition mistake are randomized and the
subject cannot guess the robot's response. A subject makes trials for 6 patterns in a different
order and replies to a questionnaire after each pattern trial. The questionnaire involves
rating 11 adjective pairs (in Japanese) with 1-to-7 scales based on the semantic differential
method (SD method). These adjective pairs are from [4]. Subjects are non-researchers. They

are three men and three women, a total of 6 persons.

Table 3.2 Preliminary Experiment’s Experimental Conditions

Practicality Familiarity Familiarity
(Channel (Speaking) (Gazing)
Changing)
A O - —
B — O -
- - ~ O
c O O -
D O — O
E - O O
F O O O

Table 3.3 shows the results of the ratings. The adjective pairs in the table are translated
from Japanese words. Principal component analysis was performed according to the SD
method rating for the 11 adjective pairs. Based on the difference in eigenvalues, we adopt a
solution that consists of one factor only. The second factor's eigenvalue is lower than 1.0.
The first factor is named the “familiarity factor" because several pairs of familiarity
adjectives, such as “Unpleasant-Pleasant” and “Cold-Warm”, have high loadings for the
first factor. The second factor, the eigenvalue of which is low, is named the “motion factor”
because several pairs of adjectives of motion, such as “Slow-Quick” and ”Slow-Rapid”,

have high loadings for the second factor.
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Table 3.3 Preliminary Experiment’s Evaluated Adjective Pairs and the Results

Adjective Pairs Factorl | Factorll

Unpleasant Pleasant -0.93 -0.06
Cold Warm -0.91 -0.29
Ugly Pretty -0.91 -0.01
Dark Light -0.90 -0.07
Rigid Frank -0.90 0.05
Comprehensible Incomprehensible -0.86 0.00
Quiet Showy -0.84 -0.20
Mechanical Humanlike -0.83 -0.37
Slow Quick -0.82 0.54
Slow Rapid -0.82 0.54
Boring Interesting -0.81 -0.09

Proportion of variance 75.0% 7.83%

The experimental conditions for the familiarity factor are shown in Fig.3.4. As expected,
the behavior fusion of task execution with speech repetition and object gazing achieves the
highest score for the familiarity factor. This result does not depended on whether voice
recognition is correct or mistaken. The order of familiarity factor scores is
F>>B>C>E>>D>>A (“>>" means p<0.05, where p means statistical significance of the
comparison).

For all conditions, except pattern A, correct recognition is higher than mistaken
recognition and is significantly different (p<0.05). No significant difference is observed in
the case of Pattern A. It shows the subject does not notice change of the television channel
because Pattern A is only the channel change without any familiar behavior. This result

shows the familiar behavior of gazing is effective for the speech interaction.
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Fig.3.4 Preliminary Experiment’s Comparison of Familiar Behaviors

(Correct and Mistake of Voice Recognition)

3.3.2. Experiment

Although the experiment method is almost the same as that of the preliminary experiment,
there are partly different points. As experimental conditions, the added familiar behavior is
that of moving. When changing the television channel, the robot moves to the television,
when hearing a command, it moves to the subject. It turns out that the familiarity factor goes
up as familiar behavior is added like an utterance < utterance + gazing from the result of the
preliminary experiment. So each familiar behavior of utterance, gazing, and moving decided
to add with not a total combination but pattern B, C, and D (Table 3.4). In order to measure
the influence of existence of a robot as an experimental condition, the case that a subject
directs to TV directly, pattern E was added. Pattern E constitutes a valuation basis.

As a valuation method, the impression evaluation experiment uses the SD method as same
as the preliminary experiment. In order to evaluate the influence of a voice recognition error,
each four trial pattern performed 50% of voice recognition error at a time at random. In the
preliminary experiment, 11 adjective pairs performed the questionnaire that subjects answer

after each end of a pattern. However, the contribution of factors except the familiarity factor
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was low, and was not able to evaluate. Then, the adjective pairs considered to be related
with practicality were added, and the number of adjective pairs in the questionnaire is
increased to 22 (Table 3.5).

Table 3.4 shows the experimental conditions, and Fig. 3.5 shows the familiar behaviors of
the experiment. The responses of the robot are controlled by 5 conditions. Subjects are
non-researchers. They are 15 men and 13 women, a total of 28 persons. In order to reveal
differences that may be related to age, the subjects consisted of 10 people in their 20°s, 9 in

their 30’s, and 9 in their 60’s.

Table 3.4 Experiment’s Experimental Conditions

Practicality | Familiarity | Familiarity | Familiarity
(Channel | (Speaking) | (Gazing) (Moving)
Changing)
A O - - -
B O O 1 -
C O O O -
D O O O O
E O TV. directly (without robots)
With robots
Repeated speaking Gazing the user and a TV Moving to a TV

Looking 2
around

OK: 3ch, NG: another

Fig.3.5 Experiment’s Conditions of Familiar Behaviors

23



Table 3.5 shows the results of the ratings. The 22 adjective pairs in the table are translated
from Japanese words. In the preliminary experiment, in order to check existence of factors,
principal component analysis was used. Then, since existence of the familiarity factor and
the motion factor was checked, factor analysis was used in this experiment. As a result, the
proportion of variance of the st factor got about 57%, and the 2nd factor got about 9.4%
(Table 3.5).

As in the preliminary experiment, the first factor is named the “familiarity factor" because
several pairs of familiarity adjectives, such as “Unpleasant-Pleasant” and
“Unfriendly-Friendly”, have high loadings for the first factor. The second factor is named
the “operability factor” because several pairs of adjectives of operation, such as
“Slow-Rapid” and "Complex-Simple”, have high loadings for the second factor.

The graph summarized in order of the familiarity factor for correct and incorrect
recognitions of the speech of each pattern is shown in Fig. 3.6. The graph summarized in
order of the operability factor is shown in Fig. 3.7. The graph of this familiarity factor
shows that familiarity goes up it as both of correct and incorrect recognitions add each
familiar behaviors of speaking, gazing and moving. As in the preliminary experiment, the
familiarity factor tends to increase as familiar behaviors are added. The validity of the
familiarity factor for the mounted familiar behaviors was checked.

Conversely, whenever familiar behaviors increased, the result that operability had fallen
was obtained from the graph of the operability factor. This is considered to be because it
comes to take time until the channel of TV actually changes as each operation is added.

Familiarity in the case of having recognized correctly the voice of the direct directions
(pattern E- an index of tolerant for error recognition-) to TV and Familiarity in the case of
having made a mistake in and recognized the voice of the pattern D which combined
speaking, gazing and moving were almost equal. (Both-ends enclosure part of Fig. 3.6) This
means that a robot's familiar behaviors made voice recognition error permit.

One interesting result is the difference in the result for the familiar factor according to age.
The experimental conditions for the familiarity factor are shown in Fig3.6 and Fig.3.8, and
those for the motion factor are shown in Fig.3.7 and Fig.3.9. The results for the subjects in

their 60°s are shown on the left-hand side, and those for the subjects in their 20’s are shown
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on the right-hand side. In Fig.3.8, the result for the familiar factor is almost the same as that
for speech recognition. On the other hand, for the subjects in their 20’s a clear difference
appeared for the correct or mistaken speech recognition. In Fig.3.9, these results are
attributable to the motion factor. For the subjects in their 60’s, motion factors differ little,
but for those in their 20’s motion factors do differ. This is considered to reflect the

difference in values between elderly people and young people.

Table 3.5 Experiment’s Evaluated Adjective Pairs and the Results

Adjective Pairs Factor 1 JFactor 1l
Unpleasant Pleasant 0.88 -0.05
Unfriendly Friendly 0.85 -0.32
Boring Interesting 0.83 -0.12
Dull Exciting 0.83 -0.25
Rigid Frank 0.83 -0.15
Difficult Easy 0.82 0.34
Disobedient Obedient 0.81 0.18
Cold Warm 0.80 -0.38
Weary Unwearied 0.79 -0.05
Blunt Sharp 0.78 0.35
Dark Light 0.78 -0.37
Ugly Pretty 0.78 -0.21
Passive Active 0.77 -0.01
Unintelligent Intelligent 0.76 0.21
Unserious Serious 0.76 0.25
Mechanical Humanlike 0.75 -0.39
Comprehensible Incomprehensible 0.73 0.13
Slow Quick 0.67 0.45
Slow Rapid 0.66 0.48
Quiet Showy 0.65 -0.46
Dangerouse Safe 0.54 0.35
Complex Simple 0.43 0.46
Proportion of variance 57.20% 9.4%
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3.3.3. Evaluation of the Robots in the Different Shapes

This section reports the effects of the familiar behaviors installed in two kinds of robots in
the different shapes. As a candidate for comparison, I used the dialog interface robot Phyno
1% (Fig.3.10) manufactured in the National Institute of Information and Communications
Technology open lab. Phyno is the height of about 200mm and has 1 DOF (Degree of
Freedom) at waist, 2 DOF at wings and 3 DOF at head. The impression evaluation
experiment by the SD method in the general subject of a total of 21 men and women aged
from 19 to 69 was conducted using ApriAlpha and Phyno. Experiment scenery is shown in
Fig. 3.13 and Fig.3.14. The contents of an experiment are the same as the former. A
different point is to add pointing with wing of the direction to TV for Phyno's familiar
behavior (Fig.3.11 and Fig.3.12). Moreover, ApriAlpha's moving is performed by two sorts,
normal speed (speed about 0.3 m/s) and high-speed which doubled speed. There are seven
experiment patterns in total used as A and G of the valuation basis of the existence of B-F
which added movement, high-speed movement, and pointing with wing to utterance and a
gaze, and familiar behavior, and a robot's existence (Table 3.6), and experiment turn
presupposed that it is random. The operator operated the experiment and it added 50% of
incorrect recognition at random so that a subject might not understand for the impact
evaluation of each pattern 6 trial deed and incorrect recognition. When it had been
incorrect-recognized on the question paper which consists of a seven-step 24 adjective pair
(Table 3.7) after each end of a pattern as the case where it has recognized correctly, it

divided into it, and the reply was obtained.

Fig.3.10 Overview of Phyno
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As a result of conducting factor analysis of the impression evaluation (Table 3.7), the 1st
factor (66.5% of contribution) had the high influence on the adjective pair "Dark - Light"
and "Cold - Warm", "Rigid - Frank", so the first factor is named the "familiarity factor". The
graph which compared each pattern by the familiarity factor is shown in Fig. 3.15. This
graph to B-F that the subject orders to the robot with the familiar behavior of the familiarity
factor is higher than G that the subject orders to TV directly. Therefore, it was checked that

the familiar behavior introduced also in which robot is effective to voice error recognition.

Table 3.6 Experimental Conditions of Experiments

Familiar behaviors
fpnote Speaking Gazing Moving N}ﬁ;gzg vPv::;: tl\.r?fg

A ApriAIphaTM

B | ApriAlpha " O O =

C | ApriAlpha™ @) @) (@) s

D |ApriAlpha™ o) O 0O -

E Phyno O @) — o

F Phyno O @) — — @)

G | TV. directly - —_ = = —

Fig.3.11 Motion of Pointing

Fig.3.12 Motion of Pointing with Wing
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Fig.3.13 Scene of Experiments with ApriAlpha™

Fig.3.14 Scene of Experiments with Phyno
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Table 3.7 Evaluated Adjective Pairs and the Results of Experiments

Adjective Pairs Factor 1 |Factor I |Factorll |
Dark Light 0.83 0.13 0.05
Cold Warm 0.82 0.30 0.04
Rigid Frank 0.79 0.19 0.07
Unfriendly Friendly 0.77 0.38 0.09
Quiet Showy 0.76 0.11 0.11
Mechanical Humanlike 0.73 -0.07 0.04
Ugly Pretty 0.69 0.37 0.17
Dull Exciting 0.63 0.38 0.17
Unpleasant Pleasant 0.63 0.53 0.29
Boring Interesting 0.47 0.49 0.26
Passive Active 0.46 0.51 0.33
Unkind Kind 0.39 0.70 0.26
Unintelligent Intelligent 0.32 0.47 0.47
Weary Unwearied 0.31 0.18 0.29
Unserious Serious 0.31 0.47 0.35
Disobedient Obedient 0.31 0.69 0.30
Comprehensible Incomprehensible 0.30 0.67 0.38
Difficult Easy 0.25 0.59 0.45
Unnecessary Necessary 0.21 0.29 0.29
Dangerouse Safe 0.16 0.69 0.15
Blunt Sharp 0.12 0.32 0.77
Slow Quick 0.08 0.25 0.90
Slow Rapid 0.05 0.23 0.91
Complex Simple -0.04 0.38 0.28
Proportion of variance 25.7% 18.9% 15.4%
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Fig.3.15 Experiment’s Comparison for Factor I

3.4. Summary

In this chapter, I have proposed a new robotic interface which is tolerant voice recognition
error by infant’s familiar behaviors. I implemented a home robot interface and studied how
to install it in a robotic information home appliance, "ApriAlpha™". The effect of infant’s
familiar behaviors is experimentally evaluated using the semantic differential method and
principal component analysis or factor analysis. The familiar behaviors combined with
speech repetition, object gazing and moving achieves the highest score for the familiarity

factor. It is especially effective for the subjects in their 60’s.

32



4. Interface Learning User-Defined Voice
Instructions by Familiar Behaviors

4.1. Learning Method of User’s Voice Instruction

4.1.1. Learning of User’s Voice Instruction

In order to operate a home appliance without recourse to voice instruction words
registered beforehand, but instead by the user's words, a robot needs to acquire the spoken
instruction words for home appliance operation from the user. However, it is hard to register
a spoken instruction word using a keyboard, for example. It is unrealistic to register many
operation words. In this research, we devised an approach whereby a robot learns a user's
words in a natural voice dialog. Just as an infant asks its parents what it does not understand,
similarly a robot learns a user's words and associates them with home appliance operation
because a robot asks a user questions in order to understand aspects of operation that it does
not understand.

Concretely, I consider the case in which the robot changes to a news program on a
multi-channel television (Fig.4.1). In order to teach the robot, a user operates the television
via a remote control as well as in the traditional manner. The robot will detect that the
television was operated via a network, if the television is connected to a network. If the
television is not connected to a network, the robot receives a remote control signal directly
and detects operation of the television. If the operation command of the television is a
command that the robot has not encountered previously and the robot lacks information
about it, the robot questions the user: "What are you doing now?". An operation command is
<SetNewsCh> etc. if the television is connected to a network. If the television is a
conventional home appliance, it is the code of a remote control signal itself. If the user
answers "I changed the channel to the news. (= 2 — AIZ L 72)" to the question from the
robot, the robot will repeat the recognized language and will learn the correspondence to the

command <SetNewsCh> "changed channel to the news." When operating the television, the
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user commands "Change the channel to the news. (= 2. — ZIZ L T)". Calling it "the news,
the news", the robot sends a network signal, or sends a remote control signal, and changes

the television channel.

<Instruction> @(User)
Changing TV channel to
the news by remote control
@)(Robot)
= Receiving the channel

"<'S;:iNewsCh.> change comannd

@3X(Robot)

Inquiring what is the command

@(User)

Teaching the command’ s word

B)XRobot)

Learning the user’ s words

(User)
Saying commands

Change the
channel to
the news

(Robot)
Speaking the user’ s words
Repeatedly and changing
the channel to the news

Fig.4.1 Explanation of Learning Method of user’s voice instruction

If study has not progressed yet even if taught once, the robot asks a question each time,
“What are you doing?” If study is progressing to some extent, the already learned words will
be uttered. If this utterance is wrong, the user can teach again and the robot can learn the
right user's words gradually. When teaching, if the voice recognition mistaken (for example ,
the voice recognition error of the "the news" recognized as "Muse"), the robot repeats the
words recognized by mistake. Hearing the repetition, the user can teach again or can operate

it using remote control again.(Fig.4.2)
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@(User)
Changing TV channel to
the news by remote control

<Re-Instruction>

@(Robot)
Receiving the channel
<SetNewsCh.> change comannd

Q)(Robot)

Known words is answered.
(But it is wrong.)

@(User)

Teaching the words, again
B)(Robot)

Repeating the recognized word
and learning the words by addition

il

The news
<SetNewsCh.>

Fig.4.2 Explanation of Learning Method of Re-Instruction

4.1.2. Notice of User’s Voice Instruction

Repetition ("the news, the news") of the user's words at the time of a robot operating a
home appliance is also notifying a user by means of words. It is almost meaningless when a
user operates this. However, in a home appliance with the function of which a user is
notified, it is meaningful. For example, the end of wash is told at a buzzer like a washing
machine. That is, when a washing machine is completed, the command is sent via a network.
A robot receives the command and asks the user, "What happened". And a user teaches
"Wash has finished." Then, it can be reported when wash was completed, "Wash has

finished. Wash has finished." as the same framework as the time of operating it. (Fig.4.3)
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@(Washing machine)
Wash has finished and
a buzzer sounds

<Instruction>

@(Robot)

Receiving the washer

Inquiring what is
the command

@(User)

Teaching the command’s word

‘Wash has
finished.

~ Wash has finished.
=< WasherFinish.>

(Washing machine)
Wash has finished and
a buzzer sounds

(Robot)
e Receiving the comannd

Wash has finished! % <\.V:1-sherFinish,> and repeat the user’s words

[{| Wash has finished!

Fig.4.3 Explanation of Learning Method of Notice

4.1.3. Voice Instruction matching using a morphological analysis

In the case of instruction and in the case of operation, the word ending differs in Japanese.
In the above example, it is "I changed the channel to the news (= 2 — AIZ L 7Z)" in the
case of instruction. In the case of operation, it becomes "Change the channel to the news (—
a2 —AIZ L T)" and the word ending differs from "T" and "/=." In order to cope with the
problem posed by the change of the word ending, by means of a morphological analysis, in
the case of instruction, it separates by a clause and matches with "— 2 — A", "iZL", "T"
separately at the command <SetNewsCh> and is memorized. In the case of operation as well
as in the case of instruction, a user's utterance is separated by a clause. The adaptive value
of the clause and each command is computed from the frequency of the clause in each
command. And the command of the highest adaptive value is output. Thus, operation

becomes possible even if the word ending differs such as "change the channel to the news
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(Za—ZiZLT)."

<lInstruction> “TLE JHL f=(The TV was turned off.)”
“E& ;HL 7= (The light was turned off)”
“B& DI 1= (The light was turned off. )” x2

z = B |DIF
<SetTVoff) 1(0. 25) “FLE HL £
(SetLightoff> 1(0.25) | 11(0. 33) “BR HL 7 |
<SetLighton) 2(0.5) [2(0.66)(2 (1) rE&& DIF =~

<Operation> “FTULE ;L T(Turn off the TV.)”
“B& JHL T(Tum off the light.)”
“%L T(Turn off. )”

FLE L T ES HL T HL T
SetTVvoff> 1 +0.5+0€1.5 ) |0  +0.5 +0 = 0.5 +0 0.5
(SetLightoff> 0 +0.5 +0 =0.5 | 0.33 +0.5 +0 €0.83)| 0.5 +0 40.5
{SetLighton> 0 +0 +0 =0 0.66 40 40 =0.66 | 0 +0 =0""

l d l
{SetTVoff> {SetLightoff)> {SetLightoff>
or<SetTVoff)

Fig.4.4 Explanation of Learning Method of user’s voice instruction

Next, the details of the calculation method are explained. For example, as for instruction
words, A and B were taught every 1 time, C was taught twice (Fig. 4.4). Voice recognition
is right and presupposes that it was assigned to the command <SetTVoff>, <SetLightoff>,
and <SetLighton>, respectively.<SetTVoff>: “7 L EiH L /=”(The TV was turned off.),
<SetLightOff>: “EE &4 L 7= ”(The light was turned off), <SetLightOn>: “&E 5, D}
72”(The light was turned on) “7 L EJHL /=", “EXIE L7/ and “ER DI 72> are
decomposed by morphological analysis with “5 L E {#§ L /72>, 85X L /72> and
“BX./ DY 72”. Each command is connected for every morpheme of voice instruction
words, and computes a goodness of fit according to the frequency. That is, “T L E” gets
frequency 1 (goodness of fit 1) at <SetTVoff>. “Ji L gets frequency 1 at <SetTVoff> by
“FL EWH L7, and gets frequency 1 at <SetLightoff> by “BRIHL 727 “WHL”
goodness of fit turns into frequency / sum total frequency, and gets every 0.5 (the inside of

Fig. 4.4 parenthesis is a goodness of fit). Thus, whenever it gains voice instruction words,
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the goodness of fit of each morpheme is computed.

When operating it, for example “7 L EYH L T” (Turn off the TV.) is inputted, The sum
of a goodness of fit with each command will be calculated for every morpheme of “7 L E/
{H L /T”, and a command with the highest goodness of fit <SetTVoff> (goodness of fit
1.33) will be executed. Thus, even if “7 L EJf L /= teaches at the time of instruction, at
the time of operation, it can be operated by “7~ L EJ§ L T”.

Moreover, when voice instruction words are ambiguous like “iH L CT” (Turn off) at the
time of operation and a goodness of fit is that it is the same (or slim margin), A robot throws
back a question like “{§ L C - T¥ ?” (Turn off, what?). This will cancel the ambiguity
of a user's voice instruction words.

It is comparing the size of the goodness of fit within each command, the morpheme which
shows the greatest value can be obtained as representative words of a command. This can
also be used as words at the time of notifying at which it was shown with Section 4.2.2.
Moreover, it can register as voice command in the discrete speech recognition whose

recognition precision is higher than the continuous speech recognition.

4.2. Advantage of Learning Voice Instruction

The method of learning the user's voice instructions has two advantages over the
conventional method of registering the voice instructions beforehand (Fig.4.5).

One is the robustness with respect to the divergence of the user's voice instructions. For
example, when changing the channel to a news program, the user will give various
instructions, such as "The news" and "The news program". In the conventional method, in
order to deal with this divergence, it is necessary to register all reference instructions
supposed to be spoken by users. However, since spoken instructions change depending on
the user, it is difficult to register beforehand by supposing all the users' spoken instructions.
Moreover, even if they are registered, the registered number of voice instructions will
increase, and the possibility of making a mistake in speech recognition will become high.

On the other hand, in the case of the proposed method, the robot learns the words of the user
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who actually says the spoken instruction. Therefore, the actual user can operate home
appliances by means of the instructions he speaks. Since the registered instructions are

limited, the rate of speech recognition improves.

Divergence of Divergence of
voice instruction voice recognition

The news -
The news

The news program .. [ The new spore |\

**channel

Learning voice insturctions including
“divergence” of voice instructions
and voice recognition

Fig.4.5 Advantage of Learning Voice instruction

Another advantage is the robustness with respect to the divergence of the recognition
result due to the voice recognition error of a robot. For example, when changing the TV
channel to the news program, the user said "news" but the robot recognized it as "muse." In
the case of the conventional method of registering the voice instructions, "muse" is not
registered as the voice instruction to change the TV channel to a news program. Therefore,
the robot does not change the TV to a news program. On the other hand, in the case of the
proposed method, even if the robot erroneously recognizes it as "muse", it may be able to
change the TV channel correctly. Because, in the case of the proposed method, the voice
instructions are learned using the actual speech recognition result of instruction. Thus, a
robot may erroneously recognize "news" to be "muse". However, if this is what the robot

has learned, even if it erroneously recognizes the user's instruction as "muse", the robot can
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change the channel to the news program correctly. In fact, the possibility that the same
erroneous speech recognition will occur for the same words in the same environment and for

the same user is high.

4.3. Evaluation

The method described in the foregoing paragraphs was mounted on ApriAlpha™ for
verification of the instruction / operation method of a user's spoken words. Three home
appliances to be operated were prepared: a television as an example of AV equipment, a
network air-conditioner connected by UPnP as an example of a home appliance connected
to a network, and a remotely controlled a standard lamp as an example of a home appliance
mn widespread use. The operations considered were changed among three channels for the
television, ON/OFF of air conditioning and heating for the air-conditioner, and ON/OFF
switching of the standard lamp,, giving a total of 7 operations.

After operating the home appliances using remote control and teaching a robot a spoken
command, the home appliances were operated using the taught spoken command. The

situation is shown in Fig. 4.6.
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Fig.4.6 Test of this method

4.4. Summary

In this chapter, while incorrect recognition is allowed, how a robot gains a user's spoken
instruction word so that an infant may memorize language is proposed. And the validity of
the proposal method was evaluated through the experiment which gains the spoken
command word by 12 general subjects, and changes the channel of television with the
reference term. After operating the home appliances using remote control and teaching a

robot a spoken command, the home appliances in the taught spoken command was operated.

41



42



5. Usability Evaluation

By the experiment by common subjects I evaluated overall the effect described in Chapter
3 that the familiar behaviors implemented based on developmental psychology makes
incorrect recognition tolerate, and the effect described in Chapter 4 that a robot learns a
user's spoken instruction as an infant learns words. In this chapter, the experiment and its

result are described.

5.1. Conditions of Experimental Evaluation

In this experiment, first, a subject changes the television channel using a remote control.
Since a robot asks "What are you doing, now?", the subject teaches the voice instruction for
changing the channel <Instruction>. The subject changes are from the 1st channel to the 5th
channel. (The operation commands are from <Setlch> to <Set5ch>). A program of the
genre typical of each channel was projected on the TV so that a subject could teach by free
utterance. (The 1st channel is for news programs. The 2nd is for weather reports. The 3rd is
for information programs. The 4th is for sports programs (rugby). The 5th is for movies.
<Instruction> was repeatedly performed for about 5 minutes. Next, using the taught
instructions, the subject commanded the robot and the robot changed the channel
<Operation>. < Operation > was repeatedly performed for about 2 minutes. One trial was set
as <instruction> and <operation> (for about 7 minutes). In order to compare the stage at
which the spoken instructions words are not learned (at the start of an experiment) with the
stage at which the spoken instruction words are learned (when instruction progresses), three
trials were performed per subject. The subject completed a questionnaire at the end of each
trial. The questionnaire involves rating 24 adjective pairs (in Japanese) (Table 5.2) with
1-to-7 scales based on the semantic differential method (SD method) , as well as the
questionnaire described in Chapter 3. The subject distinguished his/her impressions between
the case of erroneous recognition and the case of correct recognition, and completed each
questionnaire. Moreover, when changing the television channel, a robot performs familiar

behaviors modeled on those of an infant, whose effect of permitting voice recognition errors
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had already been verified by experiment. Specifically, the familiar behaviors are the
following three actions: repeating a user's voice instruction, gazing at the television and the
user in turn and approaching the user when receiving directions from the user and
approaching the television when changing the channel. The subjects were a total of 12 men
and women of a young man (his 20s-30s) and elderly people (his 60s-70s). The scene of the
experiment is shown in Fig.5.1 and Fig.5.2. The robot familiar behavior motions are shown

in Fig.5.3.

Fig.5.1 Scene of Usability Experiment (Younger)

Fig.5.2 Scene of Usability Experiment (Senior)
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The robot gazed at the user. It turned to the TV. It moved to the TV.

g
4

It changed the TV ch. The TV ch. is changed It turned to user.

It returned to the user. It turned to the user It gazed at the user.

Fig.5.3 Robot motions of Usability Experiment

5.2. Qualitative evaluation of the proposal method

There were 110 - 209 dialogs per subject (an average of 148 dialogs per subject) in three
experiments (about 7 minutes per experiment, giving a total of about 21 minutes). The
instruction dialog of was 44 - 157 times (an average of 95 times), and the operation dialog
was 36 - 81 times (an average of 53 times).

As an example, a part of the dialog of a certain subject is shown in Table 5.1. The
subject's spoken words in Table 5.1 are copied from the video of the experiment. The voice

recognition result in Table 5.1 is the result of the robot’s correct recognition. (In this
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experiment, microphone sensitivity according to the environment and a subject is not
adjusted, and a subject is does not practice utterance beforehand, either. This is because
speech recognition in the case of an actual home environment and an unfamiliar user is
assumed. Furthermore, experiments were usually conducted not with a headset microphone
used in speech recognition but with a microphone mounted on the robot. Therefore, the
distance between a microphone and a subject's mouth is considerable and the recognition
result is inferior to that in the case of general speech recognition.)

A robot repeats a voice recognition result in <Instruction>. In <operation>, if speech
recognition results already match the words of a learned voice instruction , the robot repeats
the words of an applicable voice instruction. If there is no reference term matching speech
recognition results, a robot replies, " 2. ?(What?)".

Qualitative evaluation of this experiment is described using the example of the dialog in
Table 5.1. <Instruction> the 1st line: The robot has recognized a subject's utterance "Rughy
no channel ni kaeta (I've changed to the rugby program.)" as "Rugby no sa (difference of
rugby.)" by mistake. <Operation> the 1st line: It has recognized a subject's utterance "Rugby
no channel ni kaete (Change the rugby program!)" as "Rugby no san nennkan de (in 3 years
of rugby)" by mistake. The robot divides the subject's utterance by a morphological analysis,
and is learning the relation between "Rugby" and an operation command <Setd4ch>.
Therefore, if "Rugby" is recognized, it can perform the operation correctly.

<Operation> the 2nd line: It has recognized a subject's utterance "Figa no channel ni
kaete (Change to the movie program!)" as "Reagan no san nenkan de (In three years of Mr.
Reagan)" by mistake. In the case of the conventional method, since there is no relation with
a movie program when the robot recognizes "In three years of Mr. Reagan", it cannot
perform the operation. However, in the case of the proposed method, the operation can be
performed correctly. Because, <Instruction> the 2nd line: The robot has recognized a
subject's utterance "Eiga no channel ni kaeta (I've changed to the movie program.)" as
"Reagan san (Mr. Reagan)" by mistake, too. Thus, there are many examples of the correct
operation being performed even if the voice recognition was incorrect, because the same
incorrect recognition occurred in the case of both instruction and operation. This shows the

effect of the divergence of voice recognition.
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In the case of instruction, the robot gained different instruction words to one operation
command. For example, the robot gained "weather report" and "weather bulletin" as
<Set2ch>, and gained "the 5th channel" and "movie" as <Set5ch>. In the case of operation,
a subject might utter a divergent verb for example "Show the movie program", "Change to
the movie program", etc. However, in the short experiment time, it was rare for a subject to
utter a divergent word in connection with a program name, and the effect of the divergence
of voice instruction was not checked. In addition, the divergence of voice instruction of

verbs is solved by processing using morphological analysis.

Table 5.1 Judgments of Success or Failure

| Success or Faliure

Subject’'s Spoken Word Voice Recognition Result ' Conventional Proposed
Method Method

SOC—DF = F - EA - SOE—DZE
Rugby no channel ni kaeta Rugby no sa Success —
(I've changed the Rugby Program.) (difference of Rugby)
BEDF > FINICEZ - |L—H2 34

Instruction|Ejga no channel ni kaeta 'Reagan san Failure —
(I've changed the Movie Program.) (Mr. Reagan)
EXRADF+>FIIZEZL - EBHD3 .
Tenki no channel ni kaeta Enki no san Failure -
(I've changed the Weather Program.) |(the 3rd of postponement)
SOE—DF T ICEZ T SOE—D3E/T.
Rugby no channel ni kaete Rugby no san nenkan de Success Success
(Change the Rugby Program!') (in 3 years of Rugby)
BEIDF R IICEZLT L—H>DIER]

Operation | Ejga no channel ni kaete Reagan no san nenkan de Failure Success
(Change the Movie Program!) (in 3 years of Mr. Reagan)
= -3
Tenki ! Tenki ! Success Failure
(Weather!) (Weather !)
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Table 5.2 The Example of Instruction Dialogs (the 1* Traial)

Robot's Question/Utterang

User's Answer / Direction

(Recognition Resuilt)

Robot Repetition/Utterance

Ima nani shitano?
(What are you doing?)

Yontyanneru wo erandayo
(I chose 4ch.)

Ru mongon ga atta
(No meaning)

SEL=0? IchZRATZ L 2D SHED

Ima nani shitano? Ittyanneru wo erandayo Ru kikan no Ru kikan no
(What are you doing?) (I chose 1ch.) (No meaning) (No meaning)
SL-0? ARBHERALEL RE =

Ima nani shitano? Kisyou jyouhou wo erandayo Shingen wo Shingen wo
(What are you doing?) (I chose the weather information.)  |(No meaning) (No meaning)
SEL-0? Sch&:RATZ R f= ! f=1

Ima nani shitano? Santyanneru wo erandayo Ta! Ta!

(What are you doing?) (1 chose 3ch.) (No meaning) (No meaning)
SELi-m ? Ach%RATZL SXEN BT AXELH-T=

Ru mongon ga atta
(No meaning)

SHEL=-0?
Ima nani shitano?
(What are you doing?)

1chZRAE L

Ittyanneru wo erandayo
(I chose 1ch.)

BAERR %
Shisan hankan wo
(No meaning)

BRERE %
Shisan hankan wo
(No meaning)

SILI=0?
Ima nani shitano?
(What are you doing?)

Kisyou jyouhou wo erandayo
(I chose the weather information.)

Shioaji wo houei ga
(No meaning)

SfIL=0? 5chzB@ATZ L a— =

Ima nani shitano? Gotyanneru wo erandayo Turn Turn

(What are you doing?) (I chose 5ch.) (Turn) (Turn)

SfILt-0? SchZEAT:K SADEH SADOBRH

Ima nani shitano? Gotyanneru wo erandayo San no e ga San no e ga

(What are you doing?) (I chose 5ch.) (No meaning) (No meaning)

SAL-0? 1chEBATL & ) Ao

Ima nani shitano? Ittyanneru wo erandayo San ra San ra

(What are you doing?) (I chose 1ch.) (No meaning) (No meaning)
ARBHREBATLK ER% BBk HY ERRE R A

Shioaji wo houei ga
(No meaning)

SfILf-m?
Ima nani shitano?
(What are you doing?)

BchZBAZE

Santyanneru wo erandayo
(I chose 3ch.)

BEHL O G5
Naranai no nara
(No meaning)

TEBTEL O 155
Naranai no nara
(No meaning)

SfILzm?
Ima nani shitano?
(What are you doing?)

4chZBATZEL

Yontyanneru wo erandayo
(1 chose 4ch.)

4ch # b
Yontyanneru wo yara
(No meaning)

4ch & 5
Yontyanneru wo yara
(No_meaning)

SEL=m? SchZBA L& REZ 5 BRE%E b
Ima nani shitano? Gotyanneru wo erandayo Zannen wo yara Zannen wo yara
(What are you doing?) (I chose 5¢ch.) (No meaning) (No meaning)

SHELf-0?

Ima nani shitano?
(What are you doing?)
SELi-0 2

Ima nani shitano?
(What are you doing?)

1ch%BA &
Ittyanneru wo erandayo
(I chose 1ch)

AN DBATZS
Sanhe no erandara
(No meaning)

IAN ORBATFDL
Sanhe no erandara
(No meaning)

AREREBALE
Kisyou jyouhou wo erandayo
(I chose the weather information.)

SRIL-0D?
Ima nani shitano?
(What are you doing?)

3chZzBAT K
Santyanneru wo erandayo
(I chose 3ch.)

BEEXROF B BEXDE N
Shihon no hon ga Shihon no hon ga
(No meanin, (No meaning)
SBRBEORER SEREORER

Sandanme no nagayaha
(No meaning)

Sandanme no nagayaha

(No meaning)

SfIL-0?
Ima nani shitano?
(What are you doing?)

4chZBEATK
Yontyanneru wo erandayo
(I chose 4ch.)

DREOIT—
No naganen no error
(No meaning)

DEFENIS—
No naganen no error
(No meaning)

SfIL-0 ?
Ima nani shitano?
(What are you doing?)

5chZEATZ K
Gotyanneru wo erandayo
(I chose 5ch.)

TFYoRILE
Mo tyannneru wo
(No meaning)

EFroRIL E
Mo tyannneru wo
(No meaning)

SHEILz0D?
Ima nani shitano?
(What are you doing?)

1chEBATZ &
Ittyanneru wo erandayo
(I chose 1ch.)

L =D I5—
Shi ta ane no error
(No meaning)

L =D IT5—
Shi ta ane no error
(No meaning)

SfILf-m 2

Bch&EATZL

7 A LRI D 5

T A Lol O 15

Ima nani shitano? Santyanneru wo erandayo Nanyjyanainonara Nanjyanainonara
(What are you doing?) (I chose 3ch.) (No meaning) (No meaning)
SHEL-D? ARBRERATL BiRE © BRE ©

Ima nani shitano? Kisyou jyouhou wo erandayo Syouhyouhou ya Syouhyouhou ya
(What are you doing?) (I chose the weather information.) |(and trademark law) (and trademark law)
SEL-D? S5ch#BAL L BRE DI5— BE DI5—

Ima nani shitano? Gotyanneru wo erandayo Zannen no error Zannen no error
(What are you doing?) __I(I chose 5ch.) (No meaning) (No meaning)

SfILf-0?

Ima nani shitano?
(What are you doing?)
SILI=D?

Ima nani shitano?
(What are you doing?)

AchZRATIL

Yontyanneru wo erandayo
(I chose 4ch.)

DF v B

no channel ga

DFvoFIL B
no channel ga

ARWMBERAZL
Kisyou jyouhou wo erandayo
(I chose the weather information.)

(No meaning) (No meaning)
ELERES RN ELERESEN

syusyou no honnne ga
(The prime minister’s real intention)

syusyou no honnne ga
(The prime minister’s real

SfILi-h? 1chkBATZK ZEIN =X
Ima nani shitano? Ittyanneru wo erandayo Zannen souna Zannen souna
(What are you doing?) (I chose 1ch.) (No meaning) (No meaning)
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Table 5.3 The Example of Operation Dialogs (the 1* Traial)

User's Answer / Direction

(Recognition Result)

1ch Z#A T

1ch Zi®A T

Robot Repetition/Utterance
A7

Tttyanneru wo erande Tttyanneru wo erande Ehe
(Choose 1ch.) (Choose 1ch.) (What?)
1ch #1RA T FTFvRIL EBA T b ]
[ttyanneru wo erande Masu channel wo erande Ehe
(Choose 1ch.) (Choose "Masu channel”.) (What?)
EDSELVES =13

Kawaranaina ta haha ha

(It does not change.) (No meaning) <Silence>
3ch ZikA T 3ch /A T

Santyanneru wo erande Santyanneru wo erande

(Choose 3ch.) (Choose 3ch.) {Silence>
3ch Z®A T 3ch ZBA T

Santyanneru wo erande Santyanneru wo erande

(Choose 3ch.) (Choose 3ch.) {Silence>
SRERERLT MER EA T

|Kisyou jyouhou wo erande Syou Jyouhou wo erande

(Choose the weather information.) |(Choose small information.) {Silence>
1ch Z®A T 1ch Z8A T zZ7?
Ittyanneru wo erande fttyanneru wo erande Ehe
(Choose 1ch.) (Choose 1ch.) (What?)

Fig.5.4 Scene of the subject shows “lch.” by gesture
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Table 5.4 The Example of Operation Dialogs (the 3™ Traial)

User's Answer / Direction

(Recognition Result)

Robot Repetition/Utterance

1ch #8A T
Ittyanneru wo erande
(Choose 1ch.)

1ch 28A T

Ittyanneru wo erande
(Choose 1ch.)

DTS —, HNIS—
Ta ane no error, ta ane no error,
(. Sister's error, sister's error)

(Yes yes it's good. It's 4ch.)
SAREHERAT

Kisyou jyouhou wo erande
(Choose the weather information.)

E2E3F5. L& WED Z?

Sou sou sou, iiyo Ronsou no Ehe

(Yes, yes, It's good.) (of dispute) (What?)
BREERAT P77 EBAT

Eiga wo erande Ya anntena wo erande

(Choose the movie.) (Choose the Antenna or,.) <Silence>
rﬂ@iig/uf REZRBA T

Eiga wo erande Genan wo erande

(Choose the movie.) (Choose the draft proposal) <Silence>
hhoiEN? EJ2)

Wakaranai ? Annnai

(Do you understand?) (Guidance) <Silence>
[REZRAT BREZBAT EXR.Ex
Eiga wo erande Eiga wo erande Daya, daya
(Choose the movie.) (Choose the movie.) (No meaning)
3%3%5 IIFJo@ o z?

Sou sou sou Ha Ozone sou no Ehe

(Yes, yes.) (,is of Ozone layer,) (What?)
LWKERT Rz z7?

liyo sore de Nehe Ehe

(Yes, that's OK.) (Hi) (What?)
CeHachZBAT PE#fhdch £:8A T RER.FZE
Jya yontyanneru wo erande Ya aen yontyannneru wo erande Daya, daya
(Next,choose 4ch.) (Choose Zinc,4ch or,) (No meaning)
4chZBAT SHOATILERA T AN
Yontyanneru wo erande Ima tyannneru wo erannde Nara, nara
(Choose 4ch.) (Choose ch. Now) (No meaning)
SRS, LER Z?

Chigau chigau Nakya Ehe

(No,no.) (No meaning) (What?)
4ch#xBAT 4ch 4ch, 4ch
Yontyanneru wo erande Yontyanneru Yontyanneru, yontyanneru
(Choose 4ch.) (4ch) (4ch, 4ch)
E3E3E3L W Kdchia MEAR ELTHEINTIE, 33K ThhALNE—
Sou sou sou iiyo yontyannnerune  |Aogi ninnki to wazawsaza hasami Urusakute wakannaiyo

wo.,,

ARMBERAT

Kisyou jyouhou wo erande
(Choose the weather information.)

(it is noisy so 1 don't understand)
EiRE. BRE

Syouhyouhou, syouhyouhou
(Trademark law,trademark law)

£5%35 B % A7

Sou sou Imi wo Ehe

(Yes.) (Meaning,) (What?)

3ch #8A T Lf=3ch %18 Z7?

Santyanneru wo erande Shita 3ch wo e Ehe

(Choose 3ch.) (..get 3ch..) (What?)

3ch #8A T - A Lo N

Santyanneru wo erande Tanjya Nara, nara

(Choose 3ch.) (No meaning) (No meaning)

Tch 1ch BeToH. Batoh
Ittyanneru Ittyanneru Zannen souna, zannen souna
(1ch.) (1ch) (No meaning)

HoBRBE A DHoE T

Ara eiga ni kawattyatta

WA BN A D FEo
Harae nainnka datta

ok (M 53]
Kore ha Figa

CAUISBRE C
Kore ha Eiga de
(This is the movie,,.)

<Silence>

(This is the movie.)
BRIE (A A

Eiga ha dame
(No,the movie!)

L TH¥E%8BA T

Shite hanntoshi wo erande
(..Choose half year,,)

BE.RE
Genan, genan
(Draft proposal, draft proposal)

BRE L 20D,
Eiga jya naino.
(It isn't the movie.)

BINT 2L D
Reigai de naino
(It isn't exception.)

<Silence>

(Oh, it has changed to the movie.) _|(.couln't pay.), <Silence>

1ch L .E&K%E1ch

Tttyanneru Shi, nennrei wo Ich

(1ch.) (age 1ch <Silence> 1
Tohf=& 10ch ZHA T . Fig 5.4
[ttyanneru dayo Jyuttyannneru wo erande Genan, genan

(t's 1ch.) (Choose 10ch.) (Draft proposal, draft proposal)

1ch #8A T

lTttyanneru wo erande

L THB o EWT

Shite hannrei no uerann de

(Choose 1ch.)

(,.Upper column of precedent,,)

<Silence>

50




5.3. Operation Rate Evaluation

In order to evaluate the operation rate in the case of using the proposed method, it was
judged whether the operation of the robot was correct based on the instructions of a subject
for every dialog of the result of the experiment. Moreover, the operation rate for the
conventional method was estimated for comparison. The conventional method was
considered to be the ideal case in which all the spoken instruction words assumed for each
operation are registered. In detail, it was assumed that the main words in connection with a
program name were registered as spoken instruction words beforehand. And the operation
rate was estimated based on whether the main words are contained in a speech recognition
result. For example, in the voice recognition result of Table 5.1, to relate to the program
names, "Rugby" and the "weather" presuppose that it is registered. Therefore, in the 1st line
of <instruction>, since "Rugby" (italicized part of Table 5.1) is recognized to be "a
difference of Rugby", it is considered a success. Moreover, in the 3rd line of <operation>,
the reference term the "weather" is not gained at the time of instruction, and the actual
experiment using the proposal method has gone wrong. However, since the word related to
the weather report program "weather" is recognized, it is estimated to be a success by the
conventional method.

The operation rate of the conventional method was computed as the number of presumed
successes / the total number of dialogs. The operation rate of the proposal method was
computed as the number of operation successes / the total number of operations. As a result,
the average of all the subjects' operation rates was 19.5% for the conventional method and
19.3% for the proposed method. Thus, the difference between the result for the conventional
method and that fro the proposed method was slight. However, the operation rate of the
conventional method is an ideal value based on the assumption of registration of all
reference terms. It has sufficient meaning that the ideal value and the actual experimental
value in the proposal method based on an experiment are equivalent.

Next, transition of the operation rate according to the number of trials is shown in Fig 5.5.
Using the conventional method, in the Ist to the 2nd transition, since the subject gained

experience in speech recognition the operation rate has increased, but it does not change in
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the 2nd to the 3rd transition. On the other hand, using the proposal method, the operation
rate is low in the Ist trial since the spoken command words are not gained. However, the
operation rate continued to increase through the whole, and it exceeded the conventional
method's rate in the 3rd trial. The proposed method can obtain an operation rate exceeding
the rate of speech recognition by gaining a subject's spoken command word despite the
divergence of the recognition result by mistake. On the other hand, the conventional method
cannot obtain an operation rate exceeding the rate of speech recognition. Therefore, the
operation rate of the proposal method is considered to have exceeded the operation rate of

the conventional method.

| Ideal Method |
- Operation by all
30% T ¢ E;ommands registeretﬂ ‘ 1 |
i | .7
Proposed Method | J Lo
-B (" Operation by W o
Learning commands o
20% J )’ i — - " . - | ’
L o
* e |
10% = |
L4 : : i i
. H
0% *
1st 2nd 3rd

Fig.5.5 Rate Change of Succeeded Operations According to the Experiments
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Table 5.5 Number of Dialogs and Operation Results (All trials)

All trials
Correct Correct
No. |Gende{Generatio] All dialogs | Instuructons | Opeations | recognitions | Rate[%] operations Rate[%]
1|Male |Younger 125 44 81 20 16.0%) 19 23.5%
2|FemalelYounger 197 156 41 23 11.7% 9 22.0%
3|FemalelYounger 209 157 52 30 14.4% 17 32.7%
4[Male |Senior 127 89 38 26 20.5% 11 28.9%
5|Male [Senior 134 74 60 12 9.0% 12 20.0%
6|Male [Younger 110 55 55 26 23.6% 11 20.0%
7|FemaleSenior 139 93 46 43 30.9% 8 17.4%
8{Female{Senior 132 88 44 34 25.8% 4 9.1%|
9|Female Senior 141 74 67 29 20.6% 5 7.5%
10|Male _|Younger 157 83 74 46 29.3% 13 17.6%
11|FemaleSenior 125 80 45 23 18.4% 11 24.4%
12|Male |Younger 177 141 36 24 13.6% 5 13.9%
Total 1773 1134 639 336 19.0% 125 19.6%
Average 147.8 94.5 53.3 28.0 19.5% 10.4 19.7%
Max 209 157 81 46 30.9% 19 32.7%
Min 110 44 36 12 9.0% 4 7.5%
Table 5.6 Number of Dialogs and Operation Results (the 1* trial)
1st trial
Correct Correct
No. |GendeqdGeneratiof All dialogs | Instuructons | Opeations | recognitions | Rate[%] operations Rate[%]
1[Male [Younger 42 28 14 3 7.1% 0 0.0%
2|Female|Younger 31 25 6 2 6.5% 0 0.0%
3|Female Younger 43 31 12 5 11.6% 1 8.3%
4[{Male _ [Senior 26 21 5 4 15.4% 0 0.0%
5|Male_ |Senior 48 37 11 0 0.0% 0 0.0%
6[Male |Younger 22 11 11 2 9.1% 1 9.1%
7|Female Senior 55 42 13 9 16.4% 2 15.4%
8|Female Senior 51 33 18 13 25.5% 0 0.0%
9|FemaleSenior 51 27 24 12 23.5% 0 0.0%
10|Male |Younger 42 29 13 4 9.5% 0 0.0%
11[Female/Senior 28 20 8 3 10.7% 2 25.0%
12|Male |Younger 58 56 2 12 20.7% 0 0.0%
Total 497 360 137 69 13.9% 6 4.4%
Average 414 30.0 1.4 5.8 13.0% 0.5 4.8%
Max 58 56 24 13 25.5% 2 25.0%
Min 22 11 2 [1] 0.0% 0 0.0%
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Table 5.7 Number of Dialogs and Operation Results (the 2" trial)

2nd trial
Correct Correct
No. |GendeqdGeneratiof All dialogs | Instuructons | Opeations | recognitions | Rate[%] operations Rate[%]
1[Male [Younger 45 9 36 10 22.2% 9 25.0%
2|FemalgYounger 63 46 17 5 7.9% 1 5.9%
3|Femald Younger 51 44 7 6 11.8% 4 57.1%
4]Male |Senior 55 35 20 14 25.5% 5 25.0%
5|Male |Senior 32 10 22 10 31.3% 9 40.9%
6|Male |Younger 45 26 19 11 24.4% 3 15.8%
7|FemaleSenior 45 24 21 17 37.8% 1 4.8%
8|FemaleSenior 35 27 8 6 17.1% 1 12.5%
9|Female Senior 36 20 16 0 0.0% 0 0.0%
10|Male |Younger 68 35 33 25 36.8% 3 9.1%
11|{FemalegSenior 41 21 20 12 29.3% 3 15.0%
12|Male [Younger 59 45 14 7 11.9% 3 21.4%
Total 575 342 233 123 21.4% 42 18.0%
Average 47.9 28.5 19.4 10.3 21.3% 35 19.4%
Max 68 46 36 25 37.8% 9 57.1%
Min 32 9 7 0 0.0% 0 0.0%
Table 5.8 Number of Dialogs and Operation Results (the 3™ trial)
3rd trial
Correct Correct
No. |GendeqGeneratiof All dialogs | Instuructons Opeations recognitions | Rate[%] operations Rate[%]
1iMale |Younger 38 7 31 7 18.4% 10 32.3%
2|Female Younger 52 41 11 7 13.5% 4 36.4%
3|Femalg Younger 63 40 23 10 15.9% 5 21.7%
4|Male _[Senior 46 33 13 8 17.4% 6 46.2%
5|Male |Senior 53 27 26 2 3.8% 2 1.7%
6|Male |Younger 43 18 25 13 30.2% 7 28.0%
7{Femaleg{Senior 39 27 12 17 43.6% 5 41.7%
8|Femaleg Senior 46 28 18 15 32.6% 3 16.7%
9|FemalegSenior 54 27 27 17 31.5% 5 18.5%
10[(Male |Younger 47 19 28 17 36.2% 10 35.7%
11|Female{Senior 56 39 17 8 14.3% 6 35.3%
12|Male |Younger 60 40 20 5 8.3% 2 10.0%
Total 597 346 251 126 21.1% 65 25.9%
Average 49.8 28.8 20.9 10.5 22.1% 5.4 27.5%
Max 63 41 31 17 43.6% 10 46.2%
Min 38 7 11 2 3.8% 2 7.7%

5.4. Impression Evaluation

The subjective evaluation carried out at the same time is described. As a result of
conducting factor analysis of the impression evaluation (Table 5.8), the 1st factor (66.5% of
contribution) had a high influence on the adjective pair "Unkind-Kind" and “Unpleasant -
Pleasant", and so the first factor is named the "familiarity factor". Regarding transition

according to the number of times the experiment was performed, when speech recognition
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was correct and incorrect, the familiarity factor became high as the experiment progressed.
This result is connected also with the result of a previous operation rate and shows that the
familiarity increased as the user's instruction words were gained.

Next, the elderly people's result is divided and compared with the young people's result
(Fig.5.6). When recognition is correct, for both elderly people and young people, the
familiarity becomes higher as an experiment progresses. On the other hand, when the voice
recognition is erroneous, the young people's familiarity falls remarkably, and it does not
become higher as the experiment progresses. In elderly people, even if the voice recognition
1s erroneous, the elderly people's familiarity is high on the whole and it become higher as
the experiment progresses. This shows that learning user-defined voice instructions is also
particularly effective for elderly people as well as the tolerant error recognition described in

chapter 3.

1.5
N Correct
1 | BError |

gg
;

Familiarity

NI

DAOINN

-1.5

=
Q.

1st 2nd 3rd 1st 2nd 3

Senior Younger

3

Fig.5.6 Experiment’s Comparison of Familiarity
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Table 5.9 Evaluated Adjective Pairs and Results

Adjective Pairs Factor 1
Unkind Kind 0.91
Unpleasant Pleasant 0.88
Unintelligent  Intelligent 0.88
Disobedient Obedient 0.87
Unfriendly Friendly 0.87
Boring Interesting 0.86
Unserious Serious 0.86
Unnecessary Necessary 0.86
Ugly Pretty 0.85
Dark Light 0.85
Difficult Easy 0.84
Rigid Frank 0.83
Cold Warm 0.83
Weary Unwearied 0.83
Blunt Sharp 0.81
Slow Rapid 0.81
Quiet Showy 0.81
Passive Active 0.80
Dull Exciting 0.80
Slow Quick 0.78
Complex Simple 0.74
Mechanical Humanlike 0.73
Comprehensible Incomprehensible | 0.70
Dangerouse Safe 0.46
Proportion of variance 66.5%
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6. Conclusion

At first, I added an infant's familiar behaviors to the robotic interface. The effects of the
familiar behaviors installed in a robotic information home appliance, ApriAlpha™, are
studied. The experimental results show that the task execution with speech repetition, object
gazing and moving to object has the highest score for the familiar factor. The familiar
factors for the case in which the user commands the robot with the familiar behaviors and it
makes a mistake and in case that the user commands the television and it operates correctly
were almost equal. Therefore, it checked that the introduced the familiar behaviors make a
tolerant of the error recognition. Moreover elderly people tend to prefer familiar behaviors
more than young people do.

Next, I developed a learning method similar to that employed by an infant. According to
this method, when the robot is commanded to perform an operation of which it has not prior
knowledge, the robot asks the user to explain the meaning of the operation. Then, the robot
memorizes the user’s words and the operation related to the words. Next, if the user utters a
command using the words, the robot will perform the memorized operation related to the
words. We installed this method on the ApriAlpha™ and evaluated the effect by means of a
subject experiment. The result indicated that the robot memorizes the user-defined
instructions automatically by this method. It enables the user to operate it at a high
operation rate as the robot memorizes the instructions.

In conclusion, introducing the familiar behaviors similar to those of an infant increases
tolerance of the robot’s errors and it is useful for a natural language interface.

Future works; I will carry out prolonged evaluation experiments by a living environment
involving various people and assess the validity of the results. Moreover, only directions
with voice are used for operation in this paper. However, human uses gesture etc. in
addition to voice. If these are also combined, I will think that an interface gets what it is

easier to use. I would like to advance the research after this.
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