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親和行動を導入したホームロボットインタフェース*

山本大介

内容梗概

近年,ブロ-ドバンドの普及に伴い家庭内でも情報家電をはじめとするホ-ムネ

ットワ-クの構築が進んでいる.さらに,これらの情報家電と各種センサが融合し

たユビキタスネットワ-クに関する研究も盛んである.しかし,これら情報家電の

ユ-ザインタフェ-スは,必ずしも使いやすいものとは言えない.それは各家電が,

例えば,冷蔵庫の在庫を示したり,電子番組表(EPG)と連携し番組表を見ながら番組

を選んだり,と多くの便利な機能を持ち,様々な使い方ができるようになる-方,

その多様さがゆえに,ユ-ザの欲する機能を実行するために複雑な入力が強いられ

るためである.この間題を解決するために,情報家電とユ-ザとの仲立ちとなり,

簡単に操作できるインタフェ-スとして,音声で応答し親しみやすい身体性を持つ

ロボット用いたインタフェ-スが注目されている.

しかし,これには2つの課題がある. -つはロボット側の音声認識技術の課題で

ある.家庭環境の多様な騒音に加え,ロボットの音声認識ではマイクと発話者の位

置関係が定まらず音響特性は変動する.さらに子供から老人まで幅広くかつ不慣れ

なユ-ザに対応する必要があり,その誤認識は避けられない.もう-つは情報家電

側の課題である.従来からあるリモコン等の手で操作する入力に代わり,音声入力

を用いた昔声リモコンの研究がされている.しかし個々の操作は容易になるが,多

くの機能を持った情報家電を音声で扱うには,予め決められた音声指示語を覚えな

ければ使えず,ユ-ザには大きな負担となる.

*奈良先端科学技術大学院大学情報科学研究科情報処理学専攻学位論文, NAIST-IS-DDO461042,

2007年月日.
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Home Robot lnterface lnnovated
by Familiar Behaviors*

Daisuke YAA4AMOTO

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 difrlCult

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 wi11 accept

recognition error by the robot. And the user wi11 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 insta11ed in a robotic information home appliance, "ApriAlphaT1, 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

equa1. Therefore, it checked that the introduced the familiar behaviors make a tolerant ofthe

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 lnformation Systems, Graduate School of lnformation
Science, Nara lnstitute of Science and Technology, NAIST-IS-DDO461042,???, 2007.
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when the unknownoperation 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 insta11ed this method to the ApriAlpha, and evaluated the

effect by the subject experiment. As a result, the robot memorizes the user-defined

instructions automatica11y 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 lnterface, Infant 's Familiarity, Tolerance ofMistakes, Learning of Word,

Interface for Elderly People
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1. Introduction

In recent years, home network systems are being introduced in line withthe progress of
broadband'teclmology. A homenetwork system connects home appliances andinformation

equipment in the home(Fig.1.1). The home appliance having manyconvenient functions is

composed for a user to variously utilize.

Fig. 1.1 Home Environment in the Near Future

1.1. Overview of the lnformation HomeAppliance

Although the expectation is that people will be able to enjoy a convenient and comfortable

quality of life by using these networked andadvanced home appliances, at present the user

interfaces of these apparatus are complicated and not humanfriendly. The user must select

hisnler desired function frommanyfunctions. In case of not finding the desired function, it

is inconvenient for the user. Generally, the difficulties are particu1ar1y acute for the elderly.

Accordingly, up to the present, aninterface 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 (Umiversal Plug and Play) or UDDI (Universal Description Discovery and

lntegration), 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 ofthe 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

usua11y 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

insta11ed including an expression corresponding to each function. In this case, the designer

takes much time for designing the interface apparatus, and this hinders genera1-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 ofthe Robot lnterface

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 omces 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

2



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. Anotheris that

the voice instructions are decided beforehand. I propose to make the robot act like an infant.

The user tvill accept recognition error by the robot, Andthe user will be able to teach the

user-defined instructions, naturally.

The user wants to operate
the appliances by voice

Fig. 1.2 The problem ofRobotic lnterface

1.3. Outline of the Dissertation

ln chapter 2, the concept of the familiarity for a home robot interface is discussed. As

familiarity, l investigated fami1iarity of aniJlfant (1-2 years old). This familiarity has the

capacity for mistake andthecuriosity 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,

¥ApriAlphaTMl., 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 languagepln

chapter 5, the experiment to evaluate the effect of familiarbehaviorS described in chapter 3 and

the operation rate of user spoken words described in chapter 4 is evaluated. Asa 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.

4



2. Familiarity of Home Robot lnterface

2.1..Conventional Robot lnterface

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. hdustrial robots are the archetype of a practical robotic interface. Their

perfornance of tasks is superior to that of human operators because their tasks are defined

and programmed in advanceas rules.Similarly, robotic home appliances must be practical.

A cleanerrobot is one type of robotic home appliance. It is an advanced and robotized

vacuumcleaner andhas already been commercialized. In the samemanneras factory

automation robots, robotic home appliances performtasks based on ru1es 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 fundamentaltask

rules.

In this research, the fundamental knowledgefor practicality is discussed in advancein the

formof rules that are as abstract as possible. The insufficiency is compensated by the

familiarity as described below.

Pet Robot:

Fa nh
Entertainrnent Onh(

Fig.2.1 Interface Robot in Combination with lndustrial Robot andPet Robot



2.2. Related Researches

According to the report of the Committee on HumanFriendly Robots, a human friendly

robot requires four aspects of familiarity: information familiarity, emotional familiarity,

physical familiarity, environmental and economic familiarity (Fig.2.2).[1] The last two

aspects of fami1iarity 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 ofthe robot's condition.

A Human-Friendly Robot Requires In this Research Requires

Fig.2.2 Familiarity Category

Conventional robots have neither information familiarity nor emotional familiarity. In the

case of pet robots, such as AIBO[2], the emphasis is on emotional familiarity. The

tai1-wagging motion expresses a contact state detected by a touch sensor etc. as the robotTs

6



ownmental condition. On the other hand, information familiarity is important in the case of

lnfanoid[3] or Robovie[4]. 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.

Twomethods 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 teclmiques, 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[5] 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 ru1e-based method.

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

7



clarify the user's ambiguous instructions in a voice dialog. If a robot acts like aninfant,the

user wi11give 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 aretolerant of their

infant's mistakes. Furthermore,the robot canincrease informationacquisition opportunities

by means of emotional familiarity and can thus increase the information shared with theuser.

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 gradual1y

offers a suitable service in response to the user's ambiguous directions. Asfor the method of

realizing these two aspects of familiarity, we refer to the developmental psychology of
infant.

2.3. DeJnOnStrations of Behaviors Fusion

Asanexample of a robotic interface that has both practicality andfamiliarity (information

and emotion), we describe a demonstration conducted using the ubiquitous home

constructed as part of the UKARI project[8l,[9] (Fig.2,4).

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 (ApriAlphaTM) 1ooks 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

doorbe11 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 doorbe11 rings) From the

image, the mother knowsthat the child has returned and instructs the robot to welcome the

child at the door by saying, "Go to Welcome!H Accordingly, the robot goes to the door,

saying, "Welcome! Welcome!" (Fig.2.6 (C) - This scene expresses practicality based on the

ru1eof 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. Fo11owing 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 doorbe11 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 embe11ishes 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!H are paralleled. The

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

9



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

behavior of going to the door andachieves only the familiar behavior of following the child.

(A) Looklng tO the same direction as mother looks

(B) Showing the door camera's view

onthe attached display

Fig.2.5 ExampleScene ofFusion Experiment (1)

10



(C) Going to the door andSaying

"Welcome! Welcome! "

(D) Following the child

Fig.2.6 Example Scene ofFusion Experiment (2)

l1



Fig.2.7 Exampleof Fusion Control Sequence

2.4. Familiar Behavior lnnovation

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 teclmology, the voice recognition accuracy is

insufficient for practical use on a routine basis. In the foreseeable future, voice recognition

teclmology is unlikely to advanceto 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 fami1iar behaviors[6] for the interface design solution. AniAfant's

familiar behaviors elicit the parent's intelligible instructions when the infant misunderstands

the parent's voice instructions (Fig2.8). Aninfant's familiar behaviors are as follows;

l2



Speaking: babble, a word speaking, repeated speaking,

Gazing: face tracklng, gaZing to face, etc.

Moving: person following, object fo11owing, etc.

Fig.2.8 Aninfant's Familiarity

2.4.2. Operation by User-defined lnstructions

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

al1 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 al1 vocabulary in everyday use.

Our solution is increasing the vocabulary to learn theuser's words using home appliances.

h such an approach, the curiosity of aninfant is effective (Fig.2.9), Aninfantis fu11 of

curiosity regarding new things andnewexperiences. Andaninfantis a keen questioner.

Parents want to come to let an infant know spontaneously to the question. I utilized the

characteristics of aninfantin the present work.
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Fig.2.9 An lnfant's Curiosity

2.5. Summary

ln this chapter, the difference from the conventional robot was indicated to be the home

robot interface described in the preceding chapter. Andthe 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 lnterface Error Recognition by
Familiar Behaviors

3.1. Familiar Behavior Based on Developmental Psychology

ln 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-1ike 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). [6]

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 ru1e-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

contro1, the robot finds opportunities to act by means of familiarity behavior control. While

the robot does not perform any tasks, the robot is contro11ed by the familiarity behavior

control in order to attract the user's attention.
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3.2. Implementation ofthe Robot lnterface

The above-mentioned framework was insta11ed in a robotic information home appliance,

ApriAlphaTM, which is currently under development (Table 3.1 and Fig.3.1) [7] af T.shiba

Corporation. Furthermore, ApriAlphaTM cooperates with a distributed database of

environments and human actions and the interaction field model proposed in the UKARI

(Umiversal Knowledgeable Architecture for Rea1-Life appliances) project.[8] 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

humanbeings and appliances as potential energy functions and to propose a framework for

producing services through the interactions of potential energy.[9]

A block diagram ofthe ApriAlphaTM 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 ApriAlphaTM system consists oftwo 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 fo11owing method.

ApriAlphaTM has the three motions; gazing' speaking and moving. Using these three

motions, ApriAlphaTM achieves practical behaviors. Gazing motion is to announce to the

user that ApriAlphaTM 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, ApriAlphaTM does useful tasks via the network. The

attached display of ApriAlphaTM shows the door camera.s view or any other information

16



from Web sites. ApriAlphaTM recognizes the user's instruction by speech recognition

function andcontrols the varioushomeinformation appliances.

Table 3. 1 Specifications of "ApriAlphaTM"

D lm e n S iO n S 3 = O X 2 5 0 X 2 8 0 m m  (W X d X h 2  (～ e ig h I 9 ･= k g )

S e  n S O rS

ln Ie rf2  C e S

C C D  C 2 m e r2 S  ( 2 2I  J -I ra S O n lC  S e n S O rS  (6 2 1

M iC rO I h O n e S  (2 1 I  S I e 2 k e rS  ( 2 ),
T F l  l il u i-  C rl S Ia I  D IS I -a l  ～ 1I h  l O u C h lS C re e n

M O V e m e n t

2  D ril e  M O IO rS  a n -  ～ h e e IS =  S I e e d =  0 ･5 m I S

3  M O IO rS  O f  C a m e ra ,S  P 2 n m -I  M O IiO n
l  ～ O IO rS  O f  D IS I Ia l  O I e n -C IO S e  M O IiO n

B a IIe  IY
H i! h  O U I I u I  l lIh lU m -IO n  B a tte rl  ( In Ie g ra Ie - )
2  H O u rS  O f  U n n I e rrJ I I e d  O I e ra I lO n  ～ 1Ih  B a Ite ry

T ra n S m iS S iO n /

C O m m u n iC a l=iO n
F u n C IlO n S

C O m m u n lC 2 IiO n  W iIh  = X Ie m 2 -  P C S ･  H O m e  = e rV e rS .
P D A S  a n -  M O b i-e  I h O n e S  Ih rO u ! h  ～ 1re -e S S  IJ N
C O m m u n iC a IlO n  ～ IIh  B -u e I O O Ih lM  E l u lI m e n t

t h rO J  h  H O m e  S e rV e r

size: 350x350x380 mmWeight 9.5 kg

Fig.3. l Overviewof Robotic lnformationHomeAppliance,"ApriAlphaTM"
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The UKARI System

Fig.3.2 Block Diagram ofApriAlphaTM Modules and the UKARI System

3.3. Experimental Evaluation

ln 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 channe1. (Fig.3.3) The responses ofthe 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, andthepractical 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 andthe 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 ehanne1, please!", the robot changesto

the 4th channel of the television via the network. The television displays the chaJlnel

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 channe1, the 4th channel"but does not changethe 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 andthe

television altemately, andchanges the television channel. Pattem E is the familiar behaviors

combination of speech repetition andga2ing. The robot speaks repeatedly andgazes at the

subjectrs face and the television alternately, but does not changethe television channe1.

Pattern F is a combination of all the behaviors, The familiar behavior of gazing without the

practical behavior is neglected because the subject cannotunderstand the meaningof 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 tria1. The questionnaire involves

rating 1 1 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 menand three women,a total of6 persons.

Table 3.2 Preliminary Experiment's Experimental Conditions
P raCIIC aliIy F am lllarlIy F am lllarlIy

lC h an n el

C h an glng )

lSP eak ln g ) lG a21n g)

A 0

B 0

0

C 0 0

D 0 0

E 0 0

F 0 0 0

Table 3.3 shows the results ofthe 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 1 1 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 ofwhich 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
A d l e C II V e  P a lr S F a C I O I I F a C IO I I I

U n P le a S a n I  P le a S a n t [0 ･9 3 L O ･0 6

C O l d  W a r m [0 ･9 1 I O ･2 9

U g ly  P l e II y -0 ･9 1 ] 0 ･0 1

D a r k  l lg h t .〇･9 0 - 0 ･0 7

R lg ld  F r a n k 1 0 ･9 0 0 ･0 5

C O m P l e h e n S lb le  I n C O m P l e h e n S lb le 10 ･8 6 0 ･0 0

Q u le I  S h O W y 10 ･8 4 . 〇･2 0

M e C h a n lC a l  H u m a n l lk e -0 ･8 3 1 0 ･1 7

S l O W  Q u lC k -0 ･8 2 0 ･5 4

S l O W  R a P ld [0 ･8 2 0 ･5 4

B O r ln g  In I e l e S Il n g -0 ･8 1 [ 0 ･0 9

P r O P O r I2 0 n  O I  V a l l a n C e 7 5 ･0 % 7 ･8 2 %

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 signiflCant 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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•Ò
q

LL

2

0

2

4

F B C E D A

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 ofthe preliminary experiment,

there are partly different points. As experimental conditions, the added familiar behavior is

that of moving. When changing the television channe1, 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 ofthe

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, 1 1 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, andthe numberof adjective pairs in the questionnaire is

increased to 22 (Table 3.5).

Table 3.4 shows the experimental conditions, andFig. 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 l5 men and l3 women, a total of28 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
P raCI= CallIy F am lllarlIy F am 111arlIy F am l12 ari Iy
lC haln el
C h an gi ng )

l SP eakln g) (G a21ng) (M OVll g)

A 0

B 0 0

C 0 0 0

D 0 0 0 0

E 0 T V ･ J lreCIly (W IIhOuI rO bOIS)

With robotS
Repe8ted speakhg Gazing the usemnda TV Movingto a TV

Without robots

Fig.3.5 Experiment's Conditions of Familiar Behaviors
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Table 3.5 shows the results ofthe 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 lst factor got about 57%, and the 2nd factor got about 9.4%
(Table3.5).

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 fa11en

was obtained from the graph of the operability factor. This is considered to be because it

comesto take time until the channel ofTV actua11y 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 equa1. (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

A d l e C II V e  P a lr S t l･a C IO r  l F a C I O r  l

U n P le a S a n I  P le a S a n t 0 ･ 8 8 I O ･0 5

U n fr 1  e n d ly  F r l  e n d ly 0 ･ 8 5 - 0 ･1 2

B  O r ln g  I n I e r e S I ln g 0 ･ 8 3 1 0 ･ 1 2

D u l l  E X C II ln g 0 ･ 8 3 1 0 ･2 5

R 12 1  d  F r a n k 0 ･8 3 - 0 ･ 1 5

D II I IC u lI  E a S y 0 ･ 8 2 0 ･2 4

D IS O b e d l e n I  O b e d le n t 0 ･ 8 1 0 ･ 1 8

C O l d  W a rm 0 ･ 8 0 .〇･1 8

W e a r y  U n W e a r l  e d 0 ･1 9 .〇･0 5

B  lu n I  S  h a r P 0 ･1 8 0 ･1 5

D  a r k  l lg h t 0 ･1 8 - 0 ･2 7

U g ly  P  r e II y 0 ･1 8 - 0 ･2 1

P  a S S IV e  A C l lV e 0 ･1 7 1 0 ･0 1

U n ln Ie l  ll g e n I  I n I e ll lg e n t 0 ･1 6 0 ･2 1

U n S e r l O u S  S  e r lO u S 0 ･1 6 0 ･2 5

M  e C h a n l  C  a l  H u m a n ll k e 0 ･1 5 - 0 ･2 9

C O m P r e h e n S lb l e  I n C O m P r e h e n S lb le 0 ･1 3 0 ･ 1 3

S l O W  Q u l C k 0 ･6 7 0 ･4 5

S l O W  R a P l d 0 ･6 6 0 ･4 8

Q u l e I  S h O W y 0 ･6 5 I O ･4 6

D a n g e r O u S e  S  a I e 0 ･5 4 0 ･1 5

C O m P le X  S  l m P l e 0 ･4 3 0 ･4 6

P r O P O r I l O n  O I  V a r la n C e 5 1 ･2 UJ O 9 ･4 %
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3.3.3. Evaluation ofthe RobotS in the Different Shapes

This section reports the effects ofthe familiar behaviors instal1ed in two kinds ofrobots in

the different shapes. Asa candidate for comparison, I used the dialog interface robot Phyno

[lO] (Fig.3.lO) manufacturedin the National hstitute of lnformation and Communications

Technology open lab. Phyno is the height of about 200mm andhas l DOF (Degree of

Freedom) at waist, 2 DOF at wings and 3 DOF at head. The impression evaluation

experiment by the SD methodin the general subject of a total of 2l men and womenaged

from 19 to 69 was conducted using ApriAlpha and Phyno. Experiment scenery is shown in

Fig. 3.13 and Fig,3.l4. The contents of anexperiment are the same as the former.A

different point is to add pointing with wing of the direction to TV for Phyno's fami1iar

behavior (Fig.3.l l and Fig.3.12). Moreover, ApriAlpha's moving is performedby two sorts,

normal speed (speed about O.3 m/s) and high-speed which doubled speed. There are seven

experiment patterns in total used as A andGofthe valuation basis ofthe existence of B-F

which added movement, high-speed movement, and pointing with wing to utterance anda

gaze, andfamiliar behavior, and a robot's existence (Table 3.6), and experiment turn

presupposed that it is random.The operator operated the experimentandit added 50% of

incorrect recognition at random so that a subject might not understandfor the impact

evaluation of each pattern 6 trial deed and incorrect recognition. When it had been

incorrect-recogni2:ed 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, andthe reply was obtained.

Fig.3.10 0verview ofPhyno
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Asaresult of conducting factor analysis of the impression evaluation (Table 3.7), the lst

factor (66,5% of contribution) had the high influence on the adjective pair "Dark - Light"

and"Cold - WarmT',"Rigid - Frank'', so the first factor is namedthe "familiarity factorf.. The

graph which comparedeach pattern by the fami1iarity factor is shown in Fig. 3.15, This

graph to B-F that the subject orders to the robot with the familiar behavior ofthe 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

R O b O IS
F a m i[ia r  b e h a l iO rS

S P e a k in g G a 2 =n g M O V i  n g
M  O l ln g
(h i2 h

P O l  n I i  n g

W iI h  ～in E
A A D riA Jlh a IM

B A D r=A E2h a IM 0 0

C A D r A D h a lM 0 0 0

D A P r A Elh a lM 0 0 0

E P h y n O 0 0

F P h l n O 0 0 0
G T V ･  d re C I Iy

Fig.3. 1 l Motion ofPointing

Fig.3.12 Motion ofPointing with Wing
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Fig.3. 1 3 Scene of Experiments with ApriAlphaTM

Fig.3. l4 Scene ofExperiments with Phyno
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Table 3.7 Evaluated Adjective Pairs and the Results of Experiments

A d l e C l lV e P a lr S F a C I O r I F 2 C I O r I F a C I O r H

D a r k l l g h t 0 ･8 3 0 ･1 3 0 ･0 5

C O l d W a rm 0 ･8 2 0 ･2 0 0 ･0 4

R l g ld F r a n k 0 ･1 9 0 ･1 9 0 ･0 7

U n Il le n d ly F r le n d ly 0 ･1 7 0 ･2 8 0 ･0 9

Q u le l S h . wy 0 ･1 6 0 ･1 1 0 ･1 1

M e C h a n lC a l H u m a n llk e 0 ･1 3 - 0 ･0 7 0 ･0 4

U g ly P r e Ity 0 ･6 9 0 ･2 7 0 ･1 7

D u ll E I C lll n g 0 ･6 3 0 ･2 8 0 ･1 7

U n P le a S a n I P le a S a n t 0 ･6 3 0 ･5 3 0 ･2 9

B O r ln g I n Ie r e S I ln g 0 ･4 7 0 ･4 9 0 ･2 6

P a S S IV e A C IIV e 0 ･4 6 0 ･5 1 0 ･2 3

U n k ln d Ki n d 0 ･2 9 0 ･1 0 0 ･2 6

U n ln I e lllg e n I I n Ie lll g e n t 0 ･2 2 0 ･4 7 0 ･4 7

W e a r y U n W e a r l e d 0 ･2 1 0 ･1 8 0 ･2 9

U n S e r lO u S S e r lO u S 0 ･2 1 0 ･4 7 0 ･2 5

D I S O b e d le n I O b e d le n t 0 ･2 1 0 ･6 9 0 ･2 0

C O m P r e h e n S lb l e I n C O m P r e h e n S lb le 0 ･2 0 0 ･6 7 0 ･2 8

D II II C u lI E a S y 0 ･2 5 0 ･5 9 0 ･4 5

U n n e C e S S a l y N e C e S S a l y 0 ･2 1 0 ･2 9 0 ･2 9

D a n g e l O u S e S a Ie 0 ･1 6 0 ･6 9 0 ･1 5

B lu n l S h a r P 0 ･1 2 0 ･2 2 0 ･1 7

S lO W Q u lC k 0 ･0 8 0 ･2 5 0 ･9 0

S lO W R a P ld 0 ･0 5 0 ･2 3 0 ･9 1

C O m P l e l S lm P le - 0 ･0 4 0 ･2 8 0 ･2 8

P r O P O r llO n O f V a r la n C e 2 5 ･1 % 1 8 ･9 % 1 5 ･4 %
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Fig.3.15 Experiment's Comparison for Factor I

3.4. Summary

ln this chapter, I have proposed a newrobotic 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, "ApriAlphaTMT.. The effect of infant,s

familiar behaviors is experimenta11y 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 especia11y effective for the subjects in their 60's.
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4. Interface Learning User-Defined Voice
lnstructions by Familiar Behaviors

4.1. Learning Method ofUser's Voice lnstruction

4.1.1. Learning of User's Voice lnstruction

ln 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 userrs

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: 'TWhat 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. (=1-X E= L7T=)H to the question from the

robot, the robot will repeat the recognized language and will learn the correspondence to the

command <SetNewsCh> '1changed channel to the news.TI When operating the television, the
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user commands'.Change the channel to the news. (=1 -X k L,T)". Ca11ing it ''the news,

the news", the robot sends a network signal, or sends a remote control signa1, and changes

the television channel,

<Instruction> 0(user)
Changing TVchannelto
the news by remote control

@(Rotnt)
Receiving the channel
change comamld

&Robot)
1nquiring what is the command

@(user)
Teaching the command's word

@(Robot)
Leamingtheuser' s words

(User)
Saying commands

(Robot)
Speaking the user' s words
Repeatedly and changing
the channelto thenews

Fig.4. l Explanation of LeamingMethodofuser's voice instruction

If study has not progressed yet even if taught once, the robot asks a question each time,

"Whatare you doing?" If study is progressing to some extent, the already learned words will

be uttered. If this utterance is wrong, the user canteach again andthe 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'y recognized as "Muse"), the robot repeats the

words recognized by mistake. Hearing the repetition, the user canteach again or canoperate

it using remote control again.(FigA.2)
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0(user)
Changing TV channelto
thenewsby remote control

@(Robot)
Receiving thechanJlel
change comannd

-@(k6B-oL(-)"-"---""-"--

Knownwords is answered.
(But it is wrong.)

@(user)
Teaching the words, again

@(Robot)
Repeating the recogmized word

and leamin thewords b addition

Fig.4.2 Exp1anation of LeamingMethod of Re-Instruction

4.1.2. Notice ofUser,s Voice lnStruction

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 meaningfu1.For example, the end of wash is told at a buzzer like a washing

machine. That is, when a washing machine is completed, the commandis sent via a network.

A robot receives the command andasks the user, "Whathappenedr'. Anda user teaches

'.Wash has finished/' Then, it can be reported when wash was completed, y'Wash has

finished. Wash has finished.T. as the same frameworkas the time ofoperating it. (Fig,4.3)
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0(washing machine)
Washhas finished and
a buzzer sounds

@(Robot)
Receiving thewasher
finish comannd

@tk6i'-o-tr " """'
hquiring what is
the command

@Nser)
Teaching thecommand'sword

<Notice> CWashing machlne)
Wash has flnished and
a btuzer sounds

(Robot)
Receiving the comannd

andrepeat theuser's words

Fig.4.3 Explanation of LeamingMethod of Notice

4.1.3. Voice lnstruction matchiJlg 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 chalnel to the news (=1-Xk L,7T=).' in the

case ofinstruction. In the case ofoperation, it becomes "Change the channel to the news (=

1 -X E= L,T)T. and the word ending differs ffom.'Tr. and r.7T=." In order to cope with the

problem posed by the change of the word ending, by means of a morphological analysis, in

the case ofinstruction, it separates by a clause and matches with "=1-X'', '.t= L,T', "T"

separately at the command <SetNewsCh> and is memorized. In the case of operation as well

as in the case of instruction, a userrs 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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(=1-XE=LT).n

< Instruction>

(SetTVoff>
(SetLJ-ghtof
(SetLighton)

"j:L/tf ;FiL f=(The TV was turned off.)"

"iEt5r1 5B'L += (The light was tumed off.)"

"%Jt5r1?(+ f= (The light was turned off. )" x2

T=
1 (0. 25)
l (0.25)
2(0. 5)

'5iE TR

1 (0. 33)

2(0. 66)

?f1
"fL/tf ;'t#L, f=

"'5EEJtii ;'tgi' L/ T="
'l5EETR?fJ f="

=fUEl
=;'tgi) L}

=?E1

<operation> "+L/tf 5FiL T(Tum offthe TV.)"
"iEt5!L ;#' L T(Turn offthe light.)"

";Fi'L T(Turn off. )"

<set.v..f, f 7 E'.'3tP'5L.oT63

(SetLightoff) 0 +0.5 +0 =0.5
(SetLighton> 0 +0 +0=O

i
(SetTVoff)

'5EETR ;'.gi' LJ T
O +0.5 +0

0.33 +0.5 +0

0.66+0 +0

;'.#LJ T.."n

O.5 +0 3'0.5:

o.5 +O i.o.5B
o +o=b'"''

<Seuightoff> (SetLightoff)
or(SetTVoff)

Fig.4.4 Explanation of LeamingMethod ofuser's voice instruction

Next, the details of the calculation method are explained. For example, as for instruction

words, A and B were taught every l 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>: "jl V tfiB L 7T="(The TV was turned off.),

<SetLightOff>: "%TRilB L f="(The light was turned ofO, <SetLightOn>: "%TR? i1

7T="(The light was turned on) "jlVtt''tBL7T=" , "%TRf'BLiT=" and "%TR?i17T=" are
decomposed by morphological analysis with "jl V tf/fB L/7T=", "%EiL/ilB L/7T=" and
"%giL/? i1/7T=". Each command is connected for every morpheme of voice instruction

words, and computes a goodness of rlt aCCOrding to the frequency. That is, "jl V tiF" gets

frequency l (goodness of fit 1) at <SetTVoff>. "iB L" gets frequency l at <SetTVoff> by

"jl VtfiB L7T=", and gets frequency l at <SetLightoff> by "%TRflB L7T=". "fB L,"

goodness of fit turns into frequency / sum total frequency, and gets every O.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 "j= V tt''tB LT" (Turn offthe TV.) is inputted, The sum

ofa goodness of fit with each command will be calculated for every morpheme of "jl L, ti''/

flB L,/T", and a command with the highest goodness of fit <SetTVoff> (goodness of fit

l.33) will be executed. Thus, even if"jl V tt''fB L7T=" teaches at the time of instruction, at

the time ofoperation, it can be operated by "jl L, ttl>flB L T".

Moreover, when voice instruction words are ambiguous like "iB L,T" (Turn ofO at the

time ofoperation and a goodness offit is that it is the same (or slim margin), A robot throws

back a question like "fB LT? Tfg? " (Turn off, what?). This wi11 cancel the ambiguity

of a user.s voice instruction words.

It is comparing the size ofthe goodness offit 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 lnstruction

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 'TThe news.' and ''The news programrT. In the conventional method, in

order to deal with this divergence, it is necessary to register a11 reference instructions

supposed to be spoken by users. However, since spoken instructions change depending on

the user, it is dimcult to register beforehand by supposing all the usersr 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 ofthe proposed method, the robot learns the words ofthe 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.

Fig.4.5 Advantageof LeamingVoice instruction

Anotheradvantageis 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'1 but the robot recognized it as.lmuse." In

the case of the conventional method of registering the voice instructions, nmuse" 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 ofthe

proposed method, even if the robot erroneously recognizes it as 'ymuse.., it may be able to

changethe TV channel correctly. Because, in the case of the proposed method, the voice

instructions arelearned using the actual speech recognition result of instruction. Thus, a

robot may erroneously recognize "news" to be.'muse.'. IIowever, 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 ApriAlphaTM 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

in 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 ofthe 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 ofthis method

4.4. SumJnary

h this chapter, while incorrect recognition is allowed, how a robot gains a user's spoken

instruction word so that an infant may memori2=elanguageis proposed. And the validity of

the proposal method was evaluated through the experiment which gains the spoken

commandword by 12 general subjects, and changes the channel of television withthe

reference term. After operating the home appliances using remote control and teaching a

robot a spoken command,the home appliances in the taught spoken commandwasoperated.
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5. Usability Evaluation

By the experiment by commonsubjects l 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

ln this experiment, first, a subject changes the television channel using a remote control.

Since a robot asks 'TWhat are you doing, now?H, the subject teaches the voice instruction for

changing the channe1 <Instruction>. The subject changes are from the lst channel to the 5th

channe1. (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 lst 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 channe1

<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

tria1. 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 ofpermitting voice recognition errors
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had already been verified by experiment, SpeciflCally, the familiar behaviors are the

following three actions: repeating a userrs voice instruction, gazing at the television aJld the

user in turn and approaching the user when receiving directions from the user and

approaching the television when changing the channe1. The subjects were a total of 12 men

and womenofa young man(his 20s-30s) and elderly people (his 60s-70s). The scene ofthe

experiment is shown in Fig.5. l and Fig.5.2. The robot familiar behavior motions are shown
inFig.5.3.

Fig.5. l 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.

It changed the TV ch. The TV ch. is changed lt tumed to user.

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

Fig.5.3 Robot motions of Usability Experiment

5.2. Qualitative evaluation of the proposal method

There were l lO - 209 dialogs per subject (anaverage of 148 dialogs per subject) in three

experiments (about 7 minutes per experiment, giving a total of about 2l minutes). The

instruction dialog of was 44 - l57 times (an average of 95 times), andthe operation dialog

was 36 - 81 times (an average of53 times).

Asan example, a part of the dialog of a certain subject is shown in Table 5.l. The

subjectTs spoken words in Table 5.l are copied f>om the video ofthe experiment, The voice

recognition result in Table 5.1 is the result of the robot's correct recognition. (1n 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 usua11y 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, "k?(what?)''.

Qualitative evaluation of this experiment is described using the example of the dialog in

Table 5.1. <Instruction> the lst line: The robot has recognized a subject's utterance "Rugby

no channel ni kaeta (rve changed to the rugby program.)'' as "Rugby no sa (difference of

rugby.)H by mistake. <Operation> the lst line: It has recognized a subject's utterance 'lRugby

no channel ni kaete (Change the rugby program!)TT as 'lRugby no san nennkan de (in 3 years

ofrugby)" by mistake. The robot divides the subject's utterance by a morphological analysis,

and is learning the relation between ''RugbyrT and an operation command <Set4ch>.

Therefore, if '1Rugby" is recognized, it can perform the operation correctly.

<Operation> the 2nd line: It has recognized a subject's utterance ''Eiga no channel ni

kaete (Change to the movie program!)" as ''Reagan no san nenkan de (In three years ofMr.

Reagan)T. by mistake. In the case ofthe 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

subjectTs utterance HEiga no channel ni kaeta (rve changed to the movie program.)'1 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 Tlweather report'T and ''weather bulletin.' as

<Set2ch>, and gained '1the 5th channe1'' and Hmovie" as <Set5ch>. In the case of operation,

a subject might utter a divergent verb for example TTShowthe movie program'l, HChange to

the movie programT', 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

S u C C e S 2 0 r F a -iu re

S J bje CI ･S S P O k e n ～O rd V O iC e R e C O g n =I =O n Fh S J -t
b
? C O n V e n I iO n a J P rO P O S e d

I

M e I h O d M e I h O d
n

ln SI rJ C IiO n

' 2 ･t ･･- L22 1 1 1J 7 ･ Jl, I-- 1F 1 21. ' 1 2! I. O g

S u C C e S SR J 9 b y n O C h a n n e I n I･ k a e ta flu2 2V n O S a

(r l e C h a n g e d I h e R J g b y P rO g r a m ･) (d ifFe re n C e O f R u g b y )

,･" II X J r LJ - h l l h

I F a 2-u r e

M

E Ii a n O C h a n n e I n I･ k a e ta Fle ag a n Sa n

(ITl e C h a n g e d I h e M O V =e P r O g ra m ･) (M r･ R e a g a n )

X ll T O l f > 7 ･ J l,I-I IF l f-. E # 0 3 . h
I

T e n k I･ n O O h a n n e I n I･ k a e ta E n k I･ n O S a n F a i-u r e l
(I･1 e C h a n g e d I h e ～ e a I h e r P rO g ra m ･) (Ih e l rd O f P O SI P O n e m e n I) m

O I e ra I iO n

5 72 ･1 TI O l l > 7 ･J I ･I-- 1F I T ' 1 2 { . 〇 3 1F G !1 f .

S J C C e S S S J C C e S SR J 9 b y n O C h a n n e I n I･ k a e te flu 8 6 y n O S a n n e n k a n J e

(C h a n g e Ih e R u gh y P rO g ra m !) (in 2 y e 2 rS O f I～ g b y )

1." ･･I X r X = J-.=

F a iIu re S u C C e S SE Ii a n O C h a n n e I n I･ k a e te . Ile a g a n n O S a n n e n k a n J e
(C h a n g e Ih e M O V ie P rO g ra m !) j(in 2 y e a rS O f M r･ R e a g a n )

X RI J F 4
S u C C e S S r F a iIu re

T e n k I･ ! r T e n k I !

(～ e aI h e r!) (W e a I h e r !)
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Table 5.2 The Example of lnstruction Dialogs (the lst Traial)
R O b O I ･S  Q u e S I iO n ! J I I e r a n U S e r ･ S  A n S W e r  !  D i r e C I iO n ( R e C O -= n iI i O n  Il e S u - I ) R O b O I  R e P e I i I i O n ! J I I e r a n C e

% " L l l O 2 ? l  C h f 1 2 A J l l ･ C t i l # B g  O ) i - *  B ! I  O )

lm a  n a n I･  S h I t a n O ? / t l y a n n e r y  W O  e I =2 n J a y O / I u  k I k a n  n O F 7 u  k I * a n  n O

( ～ h a I  a r e  l O u  d O in 2 1 ) ( I  C h O S e  l C h ･) ( ～ O  m e a n i n E ) ( ～ O  m e a n in E )

% Ii il L l l O 2 ? 2 ,T  I  Tl =,  l!l  l i 2 f 3 E %  f

lm a  n a n I･  S h I t a n O ? K I･S y O J J l O J I lO J  W O  e r =2 n J a y O S ! 1 Ih g e n  W O S W n g e n  W O

( ～ h a I  a r e  y O u  d O in g l ) ( I  C h O S e  I h e  W e a I h e r  in f O r m a I - O n ･) ( ～ O  m e a n i n E ) ( ～ O  m e 2 n in E )

% R L l l O 2 ? 3  C h f l R A J l l･ C E f l ! T l !

lm a  n a n I･  S h I t 3 n O ? S a n t y a n n e n J  W O  e r a n J a y O 7 Ia  !

( ～ O  m e a n i n g )

7 Ia  !

( ～ O  m e a n in 2 )( ～ h 2 I  a r e  y O u  d O in E l ) l I  C h O S e  2 C h ･)

% W L l l O 2 ? 4 C h f l S A J l l･ 2 : b 3 = 2 b { b l l = i - 2 % b { h l l =

lm a  n a n I･  S h I ･t 2 n O ? y IO n t y a n n e n I  W O  e r a n J a l O j l u  m O n g O n  8 =2  a t t a F l u  m O n g O n  g a  a t t a

( ～ h a I  a r e  l O u  d O in g l ) l I  C h O S e  4 C h ･) ( ～ O  m e a n i n E ) ( ～ O  m e a n in E )

% R L l l a 2 ? 1  C h f l R A J l l･  C E ;.･  II  I T  = I･ ;-  ,I  l l  ･1

lm a  n a n I･  S h I ･t a n O ? l t t l a n n e r =J  W O  e r =2 n J a y O S h I･S a n  h a n k a n  W O S h I･S a n  h a n k a n  W O

( ～ h a I  a r e  l O u  d O in E l ) ( I  C h O S e  l C h ･) ( ～ O  m e a n i n g ) ( ～ O  m e a n in 2 )

% R L l l O 2 ? 5 C h $ 1 R A J l l･  C t 9 - > 9 I >

lm a  n a n I  S h I ･t a n O ? G O t y a n n e r u  W O  e r a n J a l O T J m

( 1 u r n )

T u m

( 1 u r n )( ～ h 2 I  a r e  y O u  d O in E l ) ( I  C h O S e  5 C h ･)

% 1 q L l l O 2 ? 5 C h f l E A J l l･  C E $ A J O 2  * b { $ A J O 2 # b {

lm a  n a n I･  S h I ･t a n O ? G O t y a n n e n I  W O  e r a n O !a y O S a n  n O  e g a S a n n O  e g a

( ～ h a I  a r e  l O J  d O -n g l ) ( I  C h O S e  5 C h ･) ( ～ O  m e a n i n d ( ～ O  m e a n in e )

% R I J l O 2 ? 1  C h f 1 2 A J l l･ 2 = $ A J 6 $ A J 6

/ m a  n a n I･  S I II ･t a n O ? / t t l a n n e r u  W O  e r a n J a l O S a n  r =a S a n  r =a

( ～ h a I  a r e  y O u  d O in E l ) ( I  C h O S e  l C h ･) ( ～ O  m e a n i n E ) ( ～ O  m e a n in e )

4 > R I J l O 2 ? % & 1 # * f = 2 A J l l ･ E t -: I  l,  I- I  =  -- ] -= -  -r  -- I  =  "

/ m a  n a n I･  S h I t a n O ? K I･S y O u J y O J h O u  W O  e r =2 n J a y O S h I･O al I ･  W O  h O u e I･  g a S h I･O al I･  W O  h O u e I  g a

( ～ h a I  a r e  y O u  d O in g l ) ( I  C h O S e  I h e  W e a I h e r  i n f O r m a I i O n ･) ( ～ O  m e a n i n g ) ( ～ O  m e a n =n g )

% R I J l O 2 ? 3  C  h f 1 2 A J l l  CI = fJ = 6 tJ L l  O 2  !J 6 f J = 6 IJ L l  O 2  fJ = 6

l m a  n a n I･  S h I ･t a n O ? S a n t y a n n e r u  W O  e r =2 n J a l O J V a r =2 n a I  n O  n a r =a / V a r a n a I ･  n O  n a I la

( ～ h a I  a r e  y O u  d O in g l ) ( I  C h O S e  2 C h ･) ( ～ O  m e a n i n g ) ( ～ O  m e a n l n g )

% 1 g L l l O 2 ? 4 C h f 1 2 A J l = 2 : 4 C h f $ 6 4 C h  f  1 5 6

l m a  n a n I･  S h I ･! a n O ? y O n t y a n n e "  W O  e r 2 n J a y O y O n t y a n n e r u  W O  y a r =a y O n ty 2 n n e r J  W O  l a I =a

( ～ h a I  a r e  y O u  d O in E l ) ( I  C h O S e  4 C h ･) ( ～ O  m e a n i n E ) ( ～ O  m e a n i n 2 )

i > 1 g l J l O 2 ? 5 C h f 1 2 A J l l･ 1 : # % %  + 6 # % f  + 6

l m a  n a n I･  S h I ･t a n O ? G O t y a n n e r V  W O  e r a n J 2 y O Z a n n e n  W O  y a r a Z a n n e n  W O  y a r a

( ～ h a I  a r e  l O u  d O in 2 1 ) ( I  C h O S e  5 C h ･) ( ～ O  m e a n i n E ) ( ～ O  m e a n i n 2 )

% W L l l O 2 ? l  C h f 1 2 1 J l l & g l J ･～ 0 2 E A J l l･ 6 $ A J J l  O 2 = 2 A J l = 6

l m a  n a n I･  S h I ･t a n O ? l t l y a n n e r U  W O  e I =2 n J 2 y O S a n I l e  n O  e r a n J a I =a S a n h e  n O  e r 2 n J a I =a

( ～ h a I  a r e  l O u  d O -n 2 1 ) ( I  C h O S e  l C h ･) ( ～ O  m e a n i n E ) ( ～ O  m e a n i n 2 )

% 1 g l l l O 2 ? l J J  l ･1 rT  l =1 . ;I･ 1 ･ -  ･･ =I･ 1 ･ -  ･･

/ m a  n a n I･  S h I ･t a n O ? K I･S y O u J y O J h O u  W O  e I =2 n J a y O S h Ih O n  n O  h O n  g a S h Ih O n  n O  h O n  g a

( ～ h a I  a r e  y O u  d O in g l ) ( I  C h O S e  I h e  W e a I h e r  i n f O r m a I i O n ･) ( ～ O  m e a n i n E ) ( ～ O  m e a n I n E )

% 1 g l J l O 2 ? 3 C h f 1 2 A J l = 2 = 3 B !  E M 2 & 1 2 -i < ･ 2 -  11･ lt=  ･

/ m a  n a n I･  S h I ･t a n O ? S a n t y a n n e r lJ  W O  e r =2 n J a y O S a n J a n m e  n O  n a g a y a h a S a n J a n m e  n O  n a g a y a h a

( ～ h a I  a r e  y O u  d O in g l ) l I  C h O S e  2 C h ･) ( ～ O  m e a n i n g ) ( ～ O  m e a n I n g )

% 1 g L l l O 2 ? 4 C h f 1 2 A J l = 1 : 0 2 1 S * 0 2 1 , - 0 2 & * 0 2 1 , I

lm a  n a n I･  S h I t a n O ? y O n t y a n n e I y  W O  e I =2 n J a y O N O  n a g a n e n  n O  e n lO r N O  n a g a n e n  n O  e m O r

( ～ h a I  a r e  l O J  d O in E l ) ( I  C h O S e  4 C h ･) ( ～ O  m e a n i n g ) ( ～ O  m e a n i n g )

4 > R I J l O 2 ? 5 C h f 1 2 A J l l･  C E t l ～ J I U L  f t l l l , J I J L  f

lm a  n a n I･  S I II ･t a n O ? G O t l a n n e r u  W O  e r 2 n J a y O M O  ! y a n n n e r u  W O M O  ! y a n n n e m  W O

( W h a I  a r e  l O J  d O in 2 1 ) ( I  C h O S e  5 C h ･) ( ～ O  m e a n i n g ) ( ～ O  m e a n i n E )

% W I J l O 2 ? l  C h f 1 2 1 J l l･ 2 : L  l l # 0 2 1 , - L  l l # 0 2 1 , -

lm a  n a n I･  S h I ･t a n O ? l t t y a n n e I y  W O  e r =a n J a y O S h I  t a  a n e  n O  e m O r S h I･  t 3  a n e  n O  e n lO r

( ～ h a I  a r e  l O u  d O in E l ) ( I  C h O S e  l C h ･) ( ～ O  m e a n = n g ) ( ～ O  m e a n i n E )

i > W I J l O 2 ? 3 C h f 1 2 A J l l･ CE , 1 .  1 . t J =  A J  C 1 5 t J L l  O 2  t J 6

lm a  n a n I･  S h I ･t a n O ? S a n I l a n n e r u  W O  e r a n J 2 y O N a nJ y a n a Ih O n a r a N a n J y a n a I h O n a r a

( ～ h a I  a r e  l O u  d O in g l ) ( I  C h O S e  2 C h ･) ( ～ O  m e a n i n E ) ( ～ O  m e 2 n i n 2 )

% R I J l O 2 ? II J  =  ･1 =1  1=1 . .J= 1  5 ･･. ･1= ･  ･･P  l

/ m a  n a n I･  S h I ･t a n O ? K I･S y O u ･I y O J h O u  W O  e I =2 n J a y O S y O J h y O J h O J  y a S y O J h y O J h O u  y a

( ～ h a I  a r e  y O u  d O in E l ) ( I  C h O S e  I h e  ～ e a I h e r  i n f O r m a I i O n ･) ( a n d  I r a d e m a r k  I a W ) ( a n d  I r a d e m a r k  I a ～ )

4 > 1 g l J l O 2 ? 5 C h f 1 2 A J l l･ 2 : # %  0 2 1 , . # %  0 2 1 , -

/ m a  n a n I･  S h I t a n O ? G O t y a n n e r V  W O  e r =a n & y O Z a n n e n  n O  e I l lO r Z a n n e n  n O  e m O r

( ～ h a I  a r e  l O J  d O in g l ) ( I  C h O S e  5 C h ･) ( ～ O  m e a n l n g ) ( ～ O  m e a n i n E )

% 1 q l J l O 2 ? 4 C  h f 1 2 A J l l･ CE 0 2 1 1 ･ J I U I/  b { 0 2 1 1 ･ J l ･ 1 L  b {

l m a  n a n I･  S h I ･t 3 n O ? y O n t y a n n e r J  W O  e I =2 n J 3 1 0 n O  C h a n n e I  g a n O  C h a n n e I  g a

( ～ h a I  a r e  y O u  d O in 2 1 ) ( I  C h O S e  4 C h ･) ( ～ O  m e a n i n g ) ( ～ O  m e a n i n g )

% 6 1 1 J l O 2 ? 1  2 J  =  ･1 =1  1!1 . ; ･= I ･ ･ = E ･ ! -  ･･ =

l m a  n a n I･  S h I t a n O ? K I･S y O u J l O J I lO J  W O  e r =2 n J a y O S y u S y O u  n O  h O n n n e  g a S y u S y O u  n O  h O n n n e  g a

( ～ h a I  a r e  l O u  d O in g l ) ( I  C h O S e  I h e  W e a I h e r  i n f O r m a I i O n ･) ( 1 h e  P r im e  m i n iS I e r ･S  r e a -  i n I e n I iO n ) ( 1 h e  P r im e  m i n i S I e r ･S  r e a I

4 > 1 g l J l O 2 ? 1  C h f 1 2 A J l l ･  C I= # % 1 5 1J = # % 1 5 ! J

l m a  n a n I･  S h I t a n O ? l t t y a n n e r u  W O  e r 2 n J 2 y O Z a n n e n  S O u n a Z a n n e n  S O u n a

( ～ h a I  a r e  y O J  d O in g l ) ( 1  C h O S e  l C h ･) ( ～ O  m e a n i n  ) ( ～ O  m e a n i n E )
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Table 5.3 The ExampleofOperation Dialogs (the lst Traial)
U S e r ･ S  A n S W e r  !  D i r e C I (O n {  I 2 . C O -1 n i I iO n  F I e S u II ) R O b O I  I2 e D e h ･O n I J I I e r a n C e

l C h  $ =R J l ･  t l C h  % = B A J  ･ C i ?

E -1 0

( ～ h a I l )

] t & a I ln e W  W O  e n , n J e J 2 ～ I B n n e n I  W O  e n n J e

( C h E IO S 8  1 C h ･ , l C h O e - S B  I  C h ･)

l C h  5 1 a ～ ･ C 3 = ･r l l ･ J * I l ･  % =& ･1 ･  ･C i ?

E h B

O ～ 1 1 a l l )

h ～ II In n e N  W O  e m n d e M a S u  L =I l a h n e I  W O  e m " J b

( C h O O S C  I C h ･l ( C h O O S E2  " M a S U  C h 2 n n e I - ･)

E ～ 1 ; Zl =I ･  1 Zj = h T l e  I i

i S iIe n C e >

K 8 ～ B I 7 n a I n a b  h a h a  I IB

n I  J O e S  n O I  C h a n d R ) ( ～ O  I T l e a T l h E )

3 C h  % 1 1 k  T C 3 C h  % 2 & 1 J  T

i S n e n G e >
; ,  :  J  J J J J ; ;･  1  1  , J J  , ;

( C h O O S e  l C h ･) ( C h O O S e  2 C h ･)

3 C h  2 1 8 A J  T 3 C h  % i E ～ T

i S 2I. n C e >

S > Il l y q I m e n J  W Q  e r 2 In d b ; ,  J  1 . 1 : . ;
( C h O O S e  2 C h ･) ( C h O O 8 e  3 C h ･)

.1  ･･  ･ :l:=･ E 1 1 1 1 T q  2 i l ～ ･ C

i S =IB n C ! ->

K 2 8 1 O I-  j y O u h O U  W O  e r = m - e b  J j ･O L J h O u  W O  e m n d e

( C h O O 2 e  I h e  W e a I h e r  in l O - ･I Yl a I - O Tl ･) ( C h O O S E-  S m - "  h f O I･ m a I I O n ･)

l  C h  2 1 2 I - b  ･ C l  C h  2 i 2 I J b  7 i ?

' J  l  ･ 1 1 ･ ; ,  1  1 . 1 : J ; E h e

( C h O O S e  l  C h ･) l C h O O S O  I C h ･) ( W h a I l )

Fig.5.4 Scene ofthe subject shows "lch" by gesture

49



Table 5.4 The Example ofOperation Dialogs (the 3rd Traial)
U S e r ･ S  A n S W e r  !  D ir e C I iO n ( R e C O g n iI =O n  F l e S J -I ) F 2 0 b O I  R e P e I iI iO n ! J I I e r 2 n C e
l  C h  f 1 2 A J  T E L l C h  i 12 h  ･ e . f l # 0 2 1 , - ･  1 1 # 0 2 1 , -

/ t l y 2 n n e r lJ  W O  e I 12 n J e l t t y a n n e I V  W O  e r 2 n J e T a  a n e  n O  e n lO r ･  t a  a n e  n O  e m O r .

(C h O O S e  l C h ･) ( C h O O S e  l C h ･) ( ･･ S iS I e r ,S  e r r O r ･  S - S I e r ･ S  e r r O r )
f 5 1 5 1 5 ･  I, 1 1 1 C E ･T l==  -12 . i ?
S O J  S O u  S O u ･  =i y O F l O n S O u  n O E h e

( W h 2 I l )( 1 e S T  l e S ･  -I ･S  E O O d ･ ) ( O f  d i S P J I e )

= " ==  l  l=l t 5 7 J l l l  i 1 2 1 J l =

i S =.e n C e >

E Ii a  W O  e r =2 n J e y a  a n n ! e n a  W O  e r =2 n J e

( C h O O S e  l h e  m O l i e ･) ( C h O O S e  I h e  A n I e n n a  O r ･ ･･)

= "  E2  1=l =  l ･  111 1

i S =-e n C e >

E Ii 2  W O  e r 2 n J e G e n 2 n  W O  e r a n J e
( C h O O S e  I h e  m O l =e ･) ( C h O O S e  I h e  d r a f I  P r O P O S a I)
h b 1 6 t J I･ 1 ? # P q

i S iIe n C e >

W a k a r =2 n a I･ ? Jl n n n a /

( D O  y O J  J n d e r S I 2 n d l ) ( G J id a n C e )

= Il ==  l 11 1 = " E 2  111 f l = E ～ 1 1 5 E

E Ii 2  W O  e r 2 n J e E Ii 2  W O  e r =2 n J e D a l a ･  0 !2 y a
( C h O O S e  I h e  m O l =e ･ ) ( C h O O S e  I h e  m O l ie ･) (～ O  m e a n in g )

f 5 1 5 1 5 .  ===  -) i ?

E h e

(～ h a I l )

S O u  S O u  S O u f l a  O 2 0 n e  S O J  n O
( 1 e S ･  y e S ･) ( ･･i S  O f  O 2 0 n e  Ia l e r ･T )

L l l l C E l ^ T > h i i ?

l =y O  S O r e  d e N e h e E b e
( 1 e S ･  I h a I ･ S  O K ･) ( H i) (W h  a I l )
L= 1 5 b  4 C h i ･1 2 A J T . t 5 ! E A 1 4 C h  i ･1 2 A J  I C f l . = E l  l l. 5 E

J y a  y O n t y 2 n n e r ll I  W O  e r 2 1 n J e y a  a e n  y O n ly 2 n n n e r U  W O  e r 2 n J e D a y a ･  J a l a

(～ e l I ･C h O O S e  4 C h ･) ( C h O O S e  2 i n C T4 C h  O r ･･) (～ O  m e a n i n E )
4 C h i ･ 1 E A J T . % 6 1 1 h l U L f l R I J  T > tJ 6 ･  *J 6
y TO n ly a n n e r J  W O  e r a n J e / m a  l y a n n n e I IJ  W O  e r =2 n n J e /V a r =2 ･  n a r =a
( C h O O S e  4 C h ･) ( C h O O S e  C h ･  ～ O W ) (～ O  m e a n i n g )
3 5 1 1 5 0 tJ  f 1 5 i ?

E t eC I II i a J  C h Ii a u N a k y a
(～ 0 , n O ･) (～ O  m e a n in g ) ( W h  a I l )
4 C h i 1 2 A J I C . 4 C h 4 C h ～ 4 C h
y TO n ly a n n e I IJ  W O  e I 12 n J e y !O n ty a n n e I l / Y O n  t y a n n e r J ･  y O n ly a n n e r U
( C h O O S e  4 C h ･) ( 4 C h ) ( 4 C h ･  4 C h )
f 5 1 5 f 5 1 1 L l $ 4 C h h Jq 1 5 1 5 1  t ～ E ～ $ ^ 1 S f ･ " 5 % 2 < T ～ b l A J tC l･ 1 1 C -= .

S O u  S O u  S O u  Ill / O  y O n t l a n n n e r u n e A O g ･  n Ih n k I･  t O  W a 2 a W a 2 a  h a S a m / .

W O " .

U I III S a k J t e  W a k a n n a IJ O

(1 e S  y e S  2I ･ S  g O O d ･  - I ･S  I C h ･ ) l iI  iS  n O i S I  S O  I  d O n ･I  J n d e r S I 2 n d )

!1  1II:  ･  -･  111 1  ･;:  " ･･  11 1 J! r  ･･･l  ,1=r  P･･･
K I 2 y O u J l O J h O u  W O  e r =2 n J e K I･S y O J J y O J h O J  W O  e r =2 n J e S y O J h y O J h O J ･  S y O J h y O J h O u
( C h O O S e  I h e  W e a I h e r  =n f O m a I iO n ･) ( C h O O S e  I h e  ～ e a I h e r  in f O r m a l = O n ･) ( 1 r a d e m a r k  -a ～ ･1 r a d e m a r k  Ia W )
f 5 1 5 j i q *  f i ?

E h e
(～ h a I l )

S O J  S O u l m I･  W O
1 1 e S ･) ( M e a n in g ･ ･)
3 C h  i 12 1 J  T . L l 1 2 C h  f l $ i ?

S a n ty a n n e r u  W O  e r =2 n J e S h =I a  2 C h  W O  e E h e
( C h O O S e  2 C h ･) l ･ ･Tg e I  2 C h ･ " ) ( W h a I l  )
3 C h  f 1 2 1 J  T . f l  A J  C P t l = 6 ･  tJ 6
S a n ly a n n e I ll I  W O  e r 2 n J e T a n J y a N a r 2 ･  n a I la
( C h O O S e  2 C h ･) (～ O  m e a n =n 2 ) (～ O  m e a n =n E )

l C h l C h ･1 ^  , ･ -  J
/ t l y a n n e r u / t l y a n n e N Z a n n e n  S O J n a ･  2 a n n e n  S O l m a
( 1 C h ･ ) ( 1 C h ･) (～ O  m e a n =n E )

J ･  = "  = =  J i l i  tJ = L l  ～ b l  l l･ 1  1 =

i S i -e n C e >

A I =2  e Ii a  n I･  k a W a t t y a u a f l a r a e  n a Ih n k a  O !a t ! a
( O h ･  iI  h a S  C h a n E e d  I O  I h e  m O l ie ･) l " C O J -n ･I  P a l ･･2 .

l C h L  ･ * 5 5 f l C h

i S i- e n C e 2  -  F i/ t t y a n n e Ill J S h I,  n e n n r e I  W O  I C h
. 41 1 C h ･) ( a E e  l C h ･ ･)

l  C h l lT C E 1 0 C h  % E ～ lE . = 1 -  = P: L
h ty a n n e I IJ  O !a y O J y u t t y 2 n n n e r J  W O  e I =a n J e G e n a n ･  g e n a n J===

l T I IS  I C h ･) l C h O O S e  l O C h ･) ( D r a f t  D r O P O S a I･  d r a f I  P r O P O S a I)
I  =R -  == ･  =R -  ==

i S iIe n C e >

K O r e  h a  E Ii a K O r e  h a  E Ii a  J e
( 1 h = S  - S  I h e  m O V i e ･) ( 1 h = S  iS  I h e  m O l ie ･ ･･)

= " !g . L  T I F * f B A J  I C 11  J･:  =  1-
E Ii a  h a  O (a m e S h I ･t e  h a n n t O S h I･  W O  e I =2 n J e G e n a n ･  g e n a n
(～ O ･I h e  m O V le !) ( ･･ ･C h O O S e  h a If  l e a r " T ) ( D r a f I  P r O P O S a I･  d r 2 f I  P r O El O S 2 I )

= "  ==  ･  IJ . I ･  ･  ･  -J

i S iIe n C e >

E Ii a l Iy a  n a Ih O . F le Ii 2 I･  J e  n a Ih O
( Il  =S n ,I  I h e  m O l ie ･) ( II  iS n ･I  e l C e P I =O n ･)

l C h  f 1 2 A J  T . L  T ! -1 m l  O 2 1 1 W T .

i S = Ie n C e >

/ t t y a n n e I IJ  W O  e I12 n J e S h I ･t e  h a n n r e I ･  n O  u e I =2 n n  J e
( C h O O S e  l C h ･) ( ･･ U P P e r  C O -J m n  O f  P r e C e d e n I ･･ )
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5.3. Operation Rate Evaluation

ln order to evaluate the operation rate in the case of using the proposed method, it was

judged whether the operation ofthe 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 a11 the spoken instruction words assumed for each

operation are registered. In detail, it was assumed that the main words in connection with a

program namewere 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.l, to relate to the program

names, "RugbyH and the "weather" presuppose that it is registered. Therefore, in the lst line

of <instruction>, since ''RugbyH (italicized part of Table 5.l) is recognized to be '.a

difference of RugbyH, it is considered a success. Moreover, in the 3rd line of <operation>,

the reference term the HweatherTl 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'T 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

l9.3% 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 a11

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 ofthe operation rate according to the number oftrials is shown in Fig 5.5.

Using the conventional method, in the lst 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 lst trial since the spoken commandwords are not gained. However, the

operation rate continued to increase through the whole, and it exceeded the conventional

method's rate in the 3rd tria1. 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 ofthe 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.

l st 2nd 3rd

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

All trials

N O . G e n d e G e n e r a I i O A - I  d ia -O g S I n S I u r U C I O n S O P e a I iO n S

C O r r e C t

r e C O g n iI i O n S R a I e [ % ]

C O r r e C t

O I e r a I I O n S R a I e [ % ]

l M a -e Y O J n g e r 1 2 5 4 4 8 1 2 0 1  6 ･0 % 1 9 2 2 ･ 5 %

2 F e m a - Y O J n g e r 1 9 7 1 5 6 4 1 2 3 1 1 ･1 % 9 2 2 ･ 0 %

3 F e m a [ Y O u n g e r 2 0 9 1 5 7 5 2 3 0 1  4 ･4 % 1 7 3 2 ･ 1 %

4 M a -e S e n O r 1 2 7 8 9 3 8 2 6 2 0 ･5 % 1 1 2 8 ･ 9 %

5 M a Ie S e n O r 1 2 4 7 4 6 0 1 2 9 ･0 % 1 2 2 0 ･0 %

6 M a le Y O J n g e r 1 1 0 5 5 5 5 2 6 2 2 ･6 % E q 2 0 ･0 %

7 F e m a l S e n O r 1 2 9 9 3 4 6 4 3 3 0 ･9 % 8 1 1 ･4 %

8 F e m a - S e n O r 1 2 2 8 8 4 4 3 4 2 5 ･8 % 4 9 ･ 1 %

9 F e m a I S e n O r 1 4 1 7 4 6 7 2 9 2 0 ･6 % 5 7 ･ 5 %

1 0 M a -e Y O u n E e r 1 5 7 8 3 7 4 4 6 2 9 ･2 % 1 3 1 1 ･ 6 %
E n F e m a f S e n iO r 1 2 5 8 0 4 5 2 3 1  8 ･4 % 1 1 2 4 J %

1 2 M a Ie Y O u n g e r 1 1 7 1 4 1 3 6 2 4 1 2 ･6 % 5 1 2 ･ 9 %

T O I a - 1 1 1 3 1 1 2 4 6 2 9 3 2 6 1  9 ･0 % 1 2 5 1 9 ･ 6 %

A V e  r a g e 1 4 1 ･8 9 4 ･ 5 5 2 ･3 2 8 ･ 0 1 9 ･5 % 1 0 ･4 1  9 ･1 %

M a X 2 0 9 1 5 7 8 1 4 6 3 0 ･9 % 1 9 3 2 ･1 %

M in 1 1 0 4 4 3 6 1 2 9 ･0 % 4 7 ･5 %

Table 5.6 Number ofDialogs and Operation Results (the lst lrial)

N O . G e n d e G e n e r a I iO A "  d i a IO g S l n S I J r J C I O n S O I e a I i O n S

C O r r e C t

r e C O g n iI iO n S R a I e  [ % ]

C O r r e C t

O I e r a I iO n S Fl a I e  [ % ]

l M a -e Y O u n g e r 4 2 2 8 1 4 3 7 ･ 1 % 0 0 ･0 %

2 F e m a . Y O u n 2 e r 3 1 2 5 6 2 6 ･ 5 % 0 0 ･0 %

3 F e m a l Y O u n g e r 4 3 3 1 1 2 5 1 1 ･ 6 % l 8 ･2 %

4 M a I e S e n O r 2 6 2 1 5 4 1 5 ･4 % 0 0 ･0 %

5 M a - e S e n O r 4 8 3 7 E q 0 0 ･0 % 0 0 ･0 %

6 M a - e Y O u n g e r 2 2 E ] E I I 2 9 ･ 1 % l 9 ･ 1 %

7 F e m a T S e n O r 5 5 4 2 1 3 9 1 6 ･4 % 2 1  5 ･4 %

8 F e m a l S e n O r 5 1 3 3 1 8 1 3 2 5 ･5 % 0 0 ･0 %

9 F e m a l S e n O r 5 1 2 7 2 4 1 2 2 2 ･5 % 0 0 ･0 %

1 0 M a - e Y O U n g e r 4 2 2 9 1 3 4 9 ･5 % 0 0 ･0 %
E ] F e m 2 1 S e n iO r 2 8 2 0 8 3 1 0 ･1 % 2 2 5 ･0 %

1 2 M a I e Y O u n g e r 5 8 5 6 2 1 2 2 0 ･1 % 0 0 ･0 %

T O I a  l 4 9 7 3 6 0 1 2 7 6 9 1 2 ･9 % 6 4 ･4 %

A V e  r a g e 4 1 ･4 3 0 ･0 1 1 ･4 5 ･8 1 2 ･0 % 0 ･5 4 ･8 %

M a X 5 8 5 6 2 4 1 3 2 5 ･5 % 2 2 5 ･0 %

M in 2 2 E ] 2 0 0 ･0 % 0 0 ･ 0 %
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Table 5.7 Number ofDialogs and Operation Results (the 2nd frial)

N O . G e n d e G e n e ra I iO A "  d ia -O g S ln S I u r u C I O n S O I e a I iO n S

C O rr e C t

r e C O g n iI iO n S R a I e  [ % ]

C O r r e C t

O I e r a I iO n S Fh I e  [% ]

l M a -e Y O J n g e r 4 5 9 3 6 1 0 2 2 ･2 % 9 2 5 ･0 %

2 F e m a - Y O J n g e r 6 3 4 6 1 7 5 7 ･9 % l 5 ･9 %

3 F e m a r Y O u n g e r 5 1 4 4 7 6 1 1 ･8 % 4 5 1 ･1 %

4 M a -e S e n O r 5 5 3 5 2 0 1 4 2 5 ･5 % 5 2 5 ･0 %
5 M a Ie S e n O r 3 2 1 0 2 2 1 0 3 1 ･2 % 9 4 0 ･9 %

6 M a Ie Y O J n g e r 4 5 2 6 1 9 E n 2 4 ･4 % 3 1  5 ･8 %

7 F e m a . S e n O r 4 5 2 4 2 1 1 7 3 1 ･8 % l 4 ･8 %

8 F e m a - S e n O r 3 5 2 7 8 6 1 1 ･1 % l 1 2 ･5 %

9 F e m a l S e n O r 3 6 2 0 1 6 0 0 ･0 % 0 0 ･0 %
1 0 M a Ie Y O U n g e r 6 8 3 5 3 3 2 5 3 6 ･8 % 3 9 ･1 %

1 1 F e m a l S e n iO r 4 1 2 1 2 0 1 2 2 9 ･2 % 3 1 5 ･0 %
1 2 M a Ie Y O J n g e r 5 9 4 5 1 4 7 1 1 ･9 % 3 2 1 ･4 %

T O I a  - 5 1 5 3 4 2 2 2 3 1 2 3 2 1 ･4 % 4 2 1 8 ･0 %

A l e ra g e 4 1 I9 2 8 ･5 1 9 ･4 1 0 ･3 2 1 ･2 % 3 ･5 1 9 ･4 %

M a X 6 8 4 6 3 6 2 5 3 1 ･8 % 9 5 1 ･1 %

M -n 3 2 9 7 0 0 ･0 % 0 0 ･0 %

Table 5.8 Number ofDialogs and Operation Results (the 3rd frial)

N O . G e n d e G e n e r a I iO A --  d ia IO g S ln S I u r u C I O n S O I e a I iO n S

C O rr e C t

r e C O g n iI iO n S Fh I e [ % ]

C O r r e C t

O I e ra I iO n S Fh I e  [% ]

l M a Ie Y O J n g e r 3 8 7 3 1 7 1  8 ･4 % 1 0 3 2 ･2 %

2 F e m a I Y O u n g e r 5 2 4 1 E I l 7 1 2 ･5 % 4 3 6 ･4 %

3 F e m a l Y O u n g e r 6 3 4 0 2 3 1 0 1 5 ･9 % 5 2 1 ･1 %

4 M a Ie S e n O r 4 6 3 3 1 3 8 1 1 ･4 % 6 4 6 ･2 %
5 M a Ie S e n O r 5 3 2 7 2 6 2 3 ･8 % 2 7 ･1 %

6 M a Ie Y O u n g e r 4 3 1 8 2 5 1 3 3 0 ･2 % 7 2 8 ･0 %

7 F e m a - S e n O r 3 9 2 7 1 2 1 7 4 2 ･6 % 5 4 1 ･1 %

8 F e m a . S e n O r 4 6 2 8 1 8 1 5 3 2 ･6 % 3 1 6 ･1 %

9 F e m a l S e n O r 5 4 2 7 2 7 1 7 3 1 ･5 % 5 1 8 ･5 %

1 0 M a -e Y O u n g e r 4 7 1 9 2 8 1 7 3 6 ･2 % 1 0 3 5 ･1 %
E q F e m a l S e n iO r 5 6 3 9 1 7 8 1 4 ･2 % 6 3 5 ･2 %

1 2 M a -e Y O u n g e r 6 0 4 0 2 0 5 8 ･2 % 2 1  0 ･0 %

T O I a  l 5 9 7 3 4 6 2 5 1 1 2 6 2 1 ･1 % 6 5 2 5 ･9 %

A l e  r a g e 4 9 ･8 2 8 ･8 2 0 ･9 1 0 ･5 2 2 ･1 % 5 ･4 2 1 ･5 %

M a X 6 3 4 1 3 1 1 7 4 2 ･6 % 1 0 4 6 ･2 %

M in 3 8 7 E d 2 3 ･8 % 2 7 ･1 %

5.4. Impression Evaluation

The subjective evaluation carried out at the same time is described. As a result of

conducting factor analysis ofthe impression evaluation (Table 5.8), the lst factor (66.5% of

contribution) had a high influence on the adjective pair '.Unkind-KindH and "Unpleasant -

PleasantH, 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 userrs 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 peoplers familiarity fa11s remarkably, and it does not

become higher as the experiment progresses. In elderly people, even ifthe voice recognition

is 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 we11 as the tolerant error recognition described in

chapter3.

Eg  C O rre C I ;
m
5

tq $R  $ " ･y

I I Ir - - - :

1 st 2nd 3rd l st 2nd 3rd

Senior Younger

Fig.5.6 Experiment's Comparison of Familiarity

55



Table 5.9 Evaluated Adjective Pairs and Results

A d j e C llV e  P a ll S F a C IO r  I

U n k ln d  K ln d 0 ･9 1

U n P le a S a n I  P le a S a n t 0 ･8 8

U n ln Ie lllg e n l  I n Ie lllg e n t 0 ･8 8

D IS O b e d le n I  O b e d le n t 0 ･8 7

U n fr le n d ly  F r 2  e n d ly 0 ･8 7

B  O r ln g  In Ie r e SIln g 0 ･8 6

U n S e l lO u S  S  e l lO u S 0 ･8 6

U n n e C e S S a r y  N e C e S  S a l y 0 ･8 6

U g ly  P r e IIy 0 ･8 5

D  a lk  l lg h t 0 ･8 5

D IIr lC u lI  E a S y 0 ･8 4

R lg 2  d  F ra n k 0 ･8 3

C O ld  W a rm 0 ･8 3

W e a ly  U n W e a r le d 0 ･8 3

B  lu n I  S  h a rP 0 ･8 1

S lO W  R a P ld 0 ･8 1

Q u le I  S h O W y 0 ･8 1

P a S S IV e  A C IIV e 0 ･8 0

D u ll  E X C IIln g 0 ･8 0

S lO W  Q u lC k 0 ･1 8

C O m P le X  S  lm P le 0 ･1 4

M e C h a n lC a l  H u m a n llk e 0 ･1 3

C O m P r e h e n Slb le  I n C O m P r e h e n S lb le 0 ･1 0

D a n g e rO u S e  S  a IIe 0 ･4 6

P rO P O r llO n  O I  V a r la n C e 6 6 ･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 insta11ed in a robotic information home appliance, ApriAlphaTM, 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 equa1. Therefore, it checked that the introduced the familiar behaviors make a

tolerant of the error recognition. Moreover elderly people tend to prefer familiar behaviors

morethan 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 ofwhich it has not prior

knowledge, the robot asks the user to explain the meaning ofthe operation. Then, the robot

memorizes the user's words and the operation related to the words. Next, ifthe user utters a

commandusing the words, the robot will perform the memorized operation related to the

words. Weinsta11ed this method on the ApriAlphaTM and evaluated the effect by means ofa

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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