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Abstract;

When we talk about objects in an environment, we idicate to a listener which object is currently unde
consideration by using pointing gestures and referee terms as ‘this’ and ‘that’. Such reference terra
play an important role in human interaction by quickly informing the listener of an indicated object’s
location. In this research, we propose a three-layattention-drawing model for humanoid robots that
incorporates gestures and verbal cues. Our proposeitiree-layer model consists of three sub-models:
the Reference Term Model (RTM), the Limit DistanceModel (LDM), and the Object Property Model
(OPM). The RTM selects an appropriate reference tan using functions constructed by an analysis of
human behavior. The LDM decides whether to use anbér property of the object, such as color, with a
reference term for identifying the object. The OPMdetermines the most appropriate property for
indicating the object by comparing object properties with each other. We have developed an attention-
drawing system in a communication robot named ‘Robae’ based on this model. We confirmed its
effectiveness through experiments.
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1 INTRODUCTION

Recently, many humanoid robots have been develfirafton et al. 2005, Kidd et al. 2004, Kamasimalet
2004, Nakadai et al. 2001) and in addition to thésere is work underway to develop android rolibtd
have human-like appearance (Walters el al. 2005dKat al. 2005, Goetz et al. 2003). Such develapime
leading to the emergence of research into ‘andsoience’ (Ishiguro 2005). Android science is basedhe
premise that an android’s human-like appearancddirenable us to engage in natural communicatioh itit

At the same time, we can understand more aboutt‘islehuman?’ by implementing such a communication
capability into a human-like robot. There are saversearch works conducted on human-like motioch sis
blinking, mouth movement when it is speaking, ané tombination of natural arm and head movements
(Sakamoto et al. 2005). Moreover, we believe thist also important to make robots capable of tajlabout
objects in a daily environment with a human-liksuwa manner.

Several previous studies have demonstrated thatmoich robots are capable of human-like conversation
about certain objects. For example, Scassellati. d¢tave developed a humanoid robot that perforonstipng

and gaze-following motion (Scassellati 2000, Brehzt al. 2000), which is well known as ‘joint-att®n’
(Moore et al. 1995). Imai et al. also implementkd joint-attention mechanism on a humanoid robat an
proved its effectiveness experimentally (Imai, 2003he robot draws the listener’s attention by lelgthing



eye contact with the listener, then looks at thgetaobject to talk about it, pointing at the objedile saying
‘look at this’. As the examples in these works shawobot can engage in human-like conversatiomtabo
objects by effectively using its human-like bodjel demonstrated the effectiveness of using thairamoid
body in communication.

However, in these studies, the positions of theeabj were static and pre-programmed into the robot,
meaning these robots were not capable of conversatiout different objects or in different envircamts.
One of the difficulties in this field is choosing@opriate reference terms along with the positmingbjects,
such as ‘this’ or ‘that’ (in Japanese, there aredhypes of reference terms and the usage is coonglex;

we will explain this in Section 2). Another diffilky is determining when it is appropriate to ussimple
expression, such as ‘pick this up (with a pointyggture)’ and when to use more complex expresssuts)

as ‘pick up the large black box near the wall tanjeft’.

Our approach is based on a three-layer model. if$ieldyer deals with the relationship between neziee
terms and positions of objects. In Japanese, élasionship is complicated and is determined adogrtb the
position of the speaker, the listener and the algbout which they are talking. The second layatresses

the robot’s pointing gestures, which depend onrtimt's physical form. The third is about propestiaf
objects in order to identify each object with laaga. The first two layers are used to determinethenehe
robot can talk about an object with simple exp@ssiand the third layer is mainly used when it cause
such simple expressions. These three layers weyapd based on observations of human behavior. The
effectiveness of the system based on the three-tagdel will be demonstrated in experiments.

2 . RELATED WORKS

In our research, we deal with the behavior thattuges and speech complement each other. In
“Psycholinguistics — A new approach,” (McNeill, X)9there is a sentence stating that, “It is neagstor
demonstrative pronouns such as ‘this’ and ‘thatb® used with gestures in order to make those words
grammatically precise.” (Levelt et al., 1985) A mimg gesture limits the space in which the obgdsts
based on the pointing direction. On the other harméference term limits the space in which thectgxists
according to the positions of the speaker andneteBy using these different types of spatial tation, the
behavior can draw the listener’s attention towdwre indicated object more accurately. We have nattmied
behavior “Attention Drawing Behavior” and aim torther develop human-robot interaction using this
behavior.

There are many related studies on attention-drawitggaction in robotics. One type of research $&suon
joint-attention in relation to child developmentdjina & Nagai, 2005); also, there are studies orualu
non-verbal behavior, such as research toward huotaot- teamwork (Breazeal, 2005). However, these
investigations do not address a method of usirgyeate terms appropriately in various situations.

Several previous studies focused on a method fowtsoto recognize human pointing gestures or utters
with reference terms. For instance, Mizuno et abppsed a method that informs robots of an object’s
location both hand gestures and verbal cues (Miz@003), while Haasch et al. proposed a method to
recognize an object by using a pointing gestutejraan utterance, and stored information on objgtassch,
2005). Meanwhile, Hanafiah at el. made a robot gaae an object using inexplicit utterances inahgdi
reference terms and pointing gestures (Hanafiab42@®ther studies have focused on a recogniticthoae
that uses utterance contents such as reference terthinformation on the object in question. Fatance,
Inamura et al. proposed a probabilistic methodegbgnizing an object indicated by a human, usirjgabb



information such as color or size in utteranceswibmbination with reference terms (Inamura, 2004).
these studies, recognition is, however, investiyaeparately from the attention-drawing mechanisma o
robot.

On the other hand, while many robots are equippitidl an attention-drawing mechanism (Scasselatip200
Imai, 2003), they cannot dynamically handle envinents where the locations of objects and peoplagdia
that is, they only performed pre-implemented gest@nd utterances.

To tackle these problems we propose a three-laigenteon-drawing model for a robot that incorpogate
pointing gestures and reference terms.

3. ANALYSIS OF HUMAN BEHAVIOR IN REFERRING TO OBJEC TS

We observed inter-human conversation that refersbjects in a certain environment in order to depeh
human-like conversation capability for a robot. STbhapter describes the result of three analysésiman
conversation. The first is an analysis of the éff#fcpositional relationships among speakers, Hists, and
objects regarding the use of reference terms. €bensl analysis focuses on the situation where twoare
objects become close together, and the third igratysis of the situation where humans cannot iyetite

target object by a reference term only.

3.1 Conversation using reference term

3.1.1 Reference Terms in Japanese

In Japanese, we use three reference terms to irgeaple of an object’s locatiokore, sore, andare. They
correspond to ‘this’ and ‘that’ in English, wiltore referring to an object close to the speaker, snd to an
object close to the listener or between the twaviddals. Are refers to an object that is neither close to the
speaker nor to the listener. However, these defitstare so vague that for the sake of consistemeyhave

to set up some borders to classify the usage sétheference terms.

3.1.2 Investigating the usage of reference terms
To investigate the spatial factors that determirecly reference term should be used, we conducted an
experiment to observe inter-human conversatioresniafy to an object in the environment, as showhig 1.

Fig.1: Analysis of Human Behavior



3.1.2.1 Experimental Procedure

[Brief Overview] We set up an environment in which a speaker, anét and an object exist. In the
experiment, the speaker asked the listener toygick round object (11cm radius and 30cm tall) usimg of
the following expressions in Japanese:

B ‘kore-totte (‘pick up this’)

B ‘soretotte’ (‘pick up that’)

B ‘aretotte’ (‘pick up that’)

We changed the object’s location and recorded whatdrence term the speaker used in each trial.
[Subjects] The subjects were 20 male & female university stigleThey were divided into 10 pairs: one
played the speaker role and the other the listenier

[Experiment Procedure] The experiments consisted of seven sessions.dn session, we changed the
distance between speaker and listener and theictitin. The distance had three variations: 50 cthnd, and
2.0 m, and there were four variations of directi@tween the speaker and the listener as showrgir2 Frhe
combination of distances and angles are as follows:

The distance is 1.0 m and the angle is patterim (&ig. 2.

The distance is 1.0 m and the angle is patterm(Big. 2.

The distance is 1.0 m and the angle is patterim (E)g. 2.

The distance is 1.0 m and the angle is patterm(gig. 2.

The distance is 0.5 m and the angle is patterim (E)g. 2.

The distance is 0.5 m and the angle is patterm(gig. 2.

The distance is 2.0 m and the angle is patterm (&ig. 2.

The subjects participated in all sessions in theegment and the order of the sessions differech fame
individual to another. In each session, the speakked the listener to pick up the object using ainthe
utterances described above. There were some rulkée itrials: first the speakers could twist theaist and
neck in order to refer to the object; second, ttayld use a pointing gesture if necessary to teféne object.
After the speaker had referred to the object, tkgeementer moved the object to another positiod an
repeated these steps in all trials of the session.

[Analysis Method] We calculated the probability of each referencentesed for each object’s location.
Based on these probabilities, for each angle weutakd the distance where the probabilities ofhbot
reference terms became 50%, and defined it asdebfor determining the usage of each referencs.ter
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Fig.2: The directions of subjects

Noos~wdhE




3.1.2.2 Experimental Result

Figure 3 shows the positions of the object in &84 and a border for determining the usage of each
reference term.

Listener

(a) the object positions in Session 1 (b) the dated border in Session 1

Fig.3: the actual object positions in Session 1 andatsutated border

In Fig. 3 (a), the circles mean that the referetezen kore is most frequently used in that position, the
triangles mean thabre is most frequently used, and the squares denatartis most frequently used. The
positions marked by crosses indicate that all ezfee terms are used with equal frequency. On ther diand,
in Fig. 3 (b) we illustrate the points where thehlability of usingkore andare, or sore andare, becomes
50%. Each point is connected by a line, and we i@isstrate the approximate curve for the refereteren
border calculated using the least-squares method.

Based on the results in each Session, in Fig. praguced a rough sketch of the borders betweeretfiens
where each reference term is used:kire region, thesore region, and thare region. For example, when an
object is in thekore region, the speaker mainly uses the reference kereto refer to the object. The border
betweenkore andsore is an ellipse with its center at the speaker, tuedborder betweesore andare is an
ellipse whose center is between the speaker arlsteeer.

KORE

¢

Listener Speaker

Fig.4: The usage region of each Japanese Reference Term



3.2 Conversation when two or more objects are clusgether

When two or more objects in the environment arselmgether, it is difficult for the listener toemtify the
object only by using a pointing gesture and a esfee term. We define Limit Distance as the distaatce
which we cannot distinguish the indicated objectrfrthe other objects by using only a pointing gesand a
reference term. Figure 5 provides a graphic debmiof Limit Distance. It shows that the listenemaoot
distinguish the indicated object if the edge oftheo object intrudes into the scopegffrom the indicated
direction. In other words, Limit Distancg,,, is the distance that includes scaopeand distance from the
object’s center to its edge. The difficulty of diguishing the indicated object from other objastdependent
on the distance between one object and anothectolie distance from the speaker to the objecis,the
size of the object.

Fig.5: Definition of the Limit Distance
3.3 Additional adjectives to identify the indicatedtbject:

When objects are close together, we identify tligcated object by using one of its properties aadjactive
plus a reference term. In this research, we addpteanethod to identify indicated objects whersthebjects
fall within the Limit Distance. To identify the imchted object, one of its properties should beedgfit from
the others. The speaker may find several propeinieme object, such as shape, color, and sizengUsi
property or set of properties different from thées, he can indicate to the listener which obigatnder
consideration. An example of object property sebects shown in Fig. 6, where there are two penthe
environment. Because they are close together,ishenér cannot identify one from the other simpyya
pointing gesture and a reference term. Pen A heafotlowing properties: Shape: STICK; Color: WHIT&hd
Size: SMALL. Pen B has the following propertiesaft: STICK, Color: BLACK; and Size: SMALL. In this
case, the property divides the pens is Color.dfdheaker wants to indicate Pen B to the listdreeiglentifies
it using ‘That BLACK one’.



Pen A
Shape:STICK
Color: WHITE
Size:SMALL

Pen B
Shape:STICK
Color: BLACK
Size:SMALL

AN

Fig.6: An example of the object property selection

4 THREE-LAYER ATTENTION-DRAWING MODEL

4.1 An overview of the proposed model

Based on the analysis of human behavior, we propaseee-layer attention-drawing model for humanoid
robots using pointing gestures and verbal cueh@srsin Fig. 7. The model consists of three sub-elgca
Reference Term Model, a Limit Distance Model, amdGbject Property Model. By selecting appropriate
verbal cues based on these sub-models, the mddelssthe most appropriate verbal cue to indicatelgect.
The sub-model roles are as follows:

Reference Term Model
To select an appropriate reference term that qooregs to the target object.
Limit Distance Model
To identify whether using a pointing gesture anefarence term will be sufficient to indicate tlaeget
object.
Object Property Model
To select an appropriate object’s property to lelus addition to the reference term

It will be used when the robot cannot indicate tdrget object only by a pointing gesture and aresfee
term.



ReferenceTerm M odel

Select a reference term,
KORESOREARE

Limit Distancel\/I odel
Decide whether it is
possible to indicate the
object by RT and pointing

.

Object Property Model L
Select an object property
which can identify the

object
[ Verbal Cues ]
+
[ Pointing Gesture ]

Fig.7: the Model Configuration

4.2 RTM: Reference Term Model

The RTM determines an appropriate reference termeiatify the indicated object based on the appnate
curve functions of reference term borders in FigTHe functions are based on ellipses. Using Isqséres
approximations, we determined appropriate curvetfans for each reference term border.
The equation of an ellipse in polar coordinategven by:
\/ a’b?
"N aZsi2a+b2cod o
Based on that formula, we made an approximate dunation for thekore-sore border as follows:

(3-1)

2. 2
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bs =130
The parameters of this function are illustrateéim 8.

{as,: = 050x% dSL +013
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Fig.8: Parameters of an approximate curve function oktine-sore border
The approximate curve function for thkere-sore border is the equation in the speaker’s coordisgttem
with origin O, (Fig. 8) Equation (3-2) is divided into two parts. The ffiosie is the half-ellipse in front of the
speaker, and the other one is the half-ellipsengebpeaker. Each ellipse has a different short axisagg

(SF: Speaker Front, SB: Speaker Back), but the $amgeaxis, bg .

On the other hand, the approximate curve functoritfeare-sore border is given by,

2 2
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The parameters of an approximate curve functioRRE and SORE border is shown in Fig.8.
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Fig.9: Parameters of an approximate curve function of ARE SORE border

The approximate curve function for thee-sore border has two different coordinate systems ardivisied
into three parts in order to make its expressiampk. The first coordinate system is that of theaser, with
origin O;. The second is the listener coordinate systenh wiigin G. If the distance between the speaker
and the objectds, is shorter than the distance between the listendrthe object, , (the object is closer to
the speaker), we use the equation in the speakedicates. On the other handif, is shorter thanig, (the
object is closer to the listener), we use the equatf listener coordinates. Equation (3-3-1) is #guation
representing the half-ellipse behind the speakespeaker coordinates, and has short aysand long axis
bsg @S Its parameters. Equation (3-3-3) is that remtasg the ellipse behind the listener in listener
coordinates, and has short axjg and long axis g as its parameters. It includes an additional t2s¥ing, ,
which is dependent on the listener’s direcdgonEquation (3-3-2) is the one representing the lieeveen the
half-ellipse behind the speaker and the half-aflipehind the listener. Parametgefsare the parameters of
this line, and have different expressions corredpanto the two coordinate systems. The parametiess
approximate curve function of tlaee-sore are shown in Fig. 9.

The RTM uses the following rules to decide the napgiropriate reference term to use.
1. Ifthe object is closer to the speaker:
A) If dgos< frs(ds.6s0), USE the reference tetrare.

B) If dso> frs(dsi,8s0) @Nddgo < fsa(dst.fs0.6.0.61) » USE the reference tesore.
C) If dso> fsadsL,8s0.6.0.6.) , Use the reference terane.

2. If the object is closer to the listener:
A) If d o < fsa(dsL.0s0.6.0.6, ), USE the reference tesore.

B) If do > fsa(dsi.650.6,0.6,) » USE the reference terme.
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4.3 LDM: Limit Distance Model

The LDM estimates whether the listener can iderttigyindicated object by using only a pointing gestand
a reference term, based on Limit Distance. Limgt&nced, ,, is given by

d,, = f(SL,6,)=— tang, x L
sinéd,,_o, —tand, cosf,,_,

The parameters for which are given in Fig. 5. TiVLuses the following rules to determine whether th
model needs to use the properties of an object:
1. Use the object’s properties whgp, < f(S,L,6p).

2. Do not use them when,, > f(S,L,6p).

+S,

4.4 OPM: Object Property Model

The OPM chooses a property of the indicated obfetis different from the other objects when thelsects
are all within the Limit Distance. The OPM contaimdist of the properties of each object, andntéi an
appropriate property to use by comparing each prp@enong the objects. In this research, however, t
OPM has only color as an object property. A systermdetermining object properties and an algorittam
compare them are under consideration.

5 DEVELOPMENT OF THE THREE LAYER ATTENTION-DRAWING MODEL

5.1 Hardware Configuration

We implemented the three-layer attention-drawinglehdo a communication robot, Robovie (Kanda et al.
2004). Robovie (Fig. 10) is a humanoid robot theg b head, two arms, a body, and a wheeled-typdanob
base, to communicate with humans. On the headsitvaa CCD cameras as eyes and a speaker as a mouth
The speaker can output recorded sound files iestalh the internal control PC in the body. Its heignd
weight are 120 cm and 40 kg, respectively. Degoééieedom (DOFs) of the robot are as follows: WOFs

for the wheels, three DOFs for its neck, and fo@H3 for each arm.

In this research, we used a motion-capturing systerhypass the technical difficulty of implementivigual
recognition functions for humans’ posture and thsitions of objects. The motion-capturing systeiny.(E1)
allows us to obtain accurate 3D positions from reeslkattached to Robovie, a subject, and the objébts
robot and the motion-capturing system are connedted 100-Mbps Ethernet.

http://www.vicon.com/
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Fig. 10: Robovie Fig.11: Motion capturing system (Vicon)
5.2 System Configuration

Figure 12 shows the configuration of the developgstem. The roles of each module in Fig. 10 are as
follows:

. ——.

Motion .7~ Robovie, N\
capturing Human,

l . Ob|ect' S/

ReferenceTerm ] [ Limit Distance ]
M odule M odule )

¥

[ Object Property ]

M odule
V4

| ntegration <:| Language DB
M odule This, That

v

.

Actuator Module
Verbal Cues Pointing gesture

Fig.12: System Configuration
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5.2.1 Reference Term Module

The Reference Term Module is the implementatiothefReference Term Model. This module receives the
3D positions of markers attached to Robovie, aeippnd objects from a motion capturing systerasel

on the relationships among the marker positionsletermines which reference term should be used. Th
module outputs its decision to the Integration medu

5.2.2 Limit Distance Module

The Limit Distance Module is the implementationtioé Limit Distance Model. Figure 13 illustrates hive
module operates. The module first receives the 8§itipns of markers attached to Robovie and theatbj
from the motion-capturing system as input, anddisciwhether to use the properties of the objedtietatify
the indicated object, based on Limit Distance Modd#lis module outputs the decision to both the €tbje
Property Module and the Integration Module.

- | oK |
/ Limit Distance <« / Limit Distance

OK

e 7 @ c 7 @

possible impossible

Fig. 13: The decision in the Limit Distance Module

5.2.3 Object Property Module

The Object Property Module is the implementationtttd Object Property Model. If the Limit Distance
Module determines that a certain property of arectbpe used to identify the object, it selects rimst
appropriate property of that object and identifies object according to the Object Property Mottethen
outputs its decision to the Integration ModuletHis research, we only use one property, colograsbject
property to identify the indicated object.

5.2.4 Integration Module:
The Integration Module integrates the decision adhesub-model module and chooses appropriate verbal
cues from the language database. It outputs tiit reorder to make the robot speak the verbal cue

13



5.2.5 Actuator Module

The Actuator Module controls the robot’s hardwarartake pointing gestures and verbal cues basetieon t
command from the Integration Module. It moves tbhbot’s arm in the direction of the target object to
produce the pointing gesture. If the target objscbn the right side of the robot, the right hasdused,;
otherwise it uses the left hand.

6. EXPERIMENTS

To confirm the effectiveness of the developed systge conducted the following three experiments to:
1. Verify of the effectiveness of the RTM.

2. Verify of the effectiveness of the LDM.

3. Verify of the effectiveness of the system.

6.1 Experiment to verify the effectiveness of th&

6.1.1 Hypothesis
We tested the hypothesis that with RTM the systamahoose an appropriate reference term for sshject
understand the object’s location.

6.1.2 Experimental Procedure
[Brief Overview]
We verified the RTM’s effectiveness in this expegimh Every three seconds Robovie repeated a rekeren
term selected by the RTM that indicated a rouneéabjll cm in radius and 30 cm tall) moved at astaomt
speed by an experimenter. Subjects evaluated gmiers reference term. This experiment consistetthef
following three sessions to verify the RTM effeetness:
B A session in which the object is moved in directiéi a distance of around 4.0 m:
Investigate the usage of reference terms when bictoposition is moved from a place close to the
speaker to one close to the listener
B A session in which the object is moved in directiBip a distance of around 3.0 m:
Investigate the usage of reference terms when biEctoposition is moved from a place close to the
speaker to one far from the speaker
B A session in which the object is moved in direct{@) a distance of around 3.0 m:
Investigate the usage of reference terms when bijectoposition is moved from a place close to the
listener to one far from the listener
To minimize the influence of the object’'s movemem, slowed down the object speed to around 10 cm/s.
[Subjects]
The subjects were thirteen male & female universtityents, ten of whom had participated in the expnt
in Section 6.2.
[Experiment Procedure]
The experiments included Robovie, which repeateeference term every three seconds, a subjectaand
object moved in one direction. The experiment cstesi of three sessions, and in every session wegeba
the direction from (A) to (C) (Fig. 14) in which vpdysically moved the object
[Verification Method]
Subjects evaluated the acceptability of each retereterm by tri-level evaluationiVery Acceptablg
‘Acceptable’, or ‘Unacceptable’.

14



Fig.14: Object moving directions in the verification of tRFM

6.1.3 Experimental Results

[Prediction]

If the hypothesis is correct, subjects will notl fieeongruity to the reference terms used by thmtowhich is
determined with the RTM. Thus, the subject willakate the reference terms as ‘Very Acceptable’ or
‘Acceptable’.

[Verification]

Table | shows the results from the questionnaitee @verage rate of choice for ‘Very Acceptable’ and
‘Acceptable’ was 96.02%. Thus, based on the RTM, ritbot used an appropriate reference term so that
subjects were able to identify which object wasnged out by the robot. Although there was a 3.97%
response for ‘Unacceptable’, we believe that teisult is within an acceptable range because ingid
differences in the use of reference terms are siver a certain extent.

Table I: Average rate of subjects’ answer to each cateigatfye questionnaire

Evaluation Average rate
Very acceptable 81.95%
Acceptable 14.07%
Unacceptable 3.97%

6.2 Experiment to verify the effectiveness of thB\

6.2.1 Hypothesis
We tested the hypothesis that with the LDM theeaystan identify the limits of the area where peaple
identify an object using only a pointing gesture aerbal cues.

6.2.2 Experimental Procedure

[Brief Overview]

We verified effectiveness of the LDM in this expeent, in which Robovie indicated to a subject ohevo
round objects (both are 11cm radius and 30cmitathe environment. The distance between the tweotd
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was changed as shown in Fig. 15. Subjects responteath object they thought the robot was indicating
Through this evaluation, we would like to investegavhether the subject can correctly identify thgeot
within the areas certified by the LDM.

[Subjects]

The subjects were ten male & female university el all of who had taken part in the experiment i
Section 6.1. There should not be any influencehenexperiment in Section 6-1 and this experimerg. W
conducted these experiments at the same time.

[Experiment Procedure]

The experiment comprised two sessions. In Sessi@bject 1 was placed on the black circle in theitpms
marked for Session 1 in Fig. 15. Object 2 was mladengside Object 1. In each trial, Object 2 wiasgd 30
cm from its previous position in direction (a). Whine three trials were finished, Object 2 was macted
30 cm from Object 1 in direction (b), and the sasteps were repeated until the three trials werishHed.
When all the trials were finished in Session 1,d0bjl was placed in the black circle in the posgidor
Session 2 in Fig. 15, and the same process wasedppl the trials in Session 2. In each trial, Robo
indicated to a subject one of the two objects. indecated object was decided randomly and subpbetsied
which object was the indicated one.

__________________

The object i
positionin 1 <
Sessino2 |, ¢

1
1 1
)

The object i T =

N N -

position in | - —(a)
Sessinol i o
~ @LQ
Objectl Object2
Robovie Human

Fig.15: Experimental environment in the verification oéthDM
[Verifying Method]
Subjects responded which object they thought thetravas indicating. We measured the recognitioa cdt
the indicated object, which is calculated by ‘themier of correct answer of subjects / the number of
indication by the robot.’

6.2.3 Experimental Results

[Prediction]

If the hypothesis is correct, when the distanceveen the two objects falls within the Limit Distanc
subjects will find difficulty in identifying the gbct indicated by the robot. Thus, the recognitiate will be
lower in the ‘Area Not certified by LDM’ than thene in the ‘Area Certified by LDM'.

16



[Verification]

The recognition rate in the area certified by tl¥M was 83.3%, while the rate outside the certiieda was
56.6% (Table 11). Consequently, with the LDM thestgm is able to identify the area in which peoga c
identify the indicated object with a pointing gestand verbal cues.

Table Il: Recognition rate between an area certified and¢aaified by LDM

Area Recognition Rate
Area Certified by LDM 83.3%
Area Not certified by LDM 56.6%

6.3 Experiment to verify the system’s effectiveness

6.3.1 Hypothesis

In this experiment (Fig.16), we tested the follogvitavo hypotheses.

Hypothesis 1:The system can correctly draw the listener’s &ttarto the one specific object among several
objects in an environment

Hypothesis 2: Using reference terms, the system can quickly difaavlistener’'s attention to the specific
object among several objects in an environment.

6.3.2 Experimental Procedure
[Brief Overview]
In this experiment, illustrated in Fig. 16, we ¥ied the effectiveness of the attention-drawingtesys
Robovie indicated to subjects one of five rounceoty (all objects were 11 cm in radius and 30 dhitethe
environment. The verbal cues that the system uaddvo variations:

1. Verbal cues with a reference term, which is diediby our proposed three-layer model, utilizing a

pointing gesture.
2. Verbal cues with three kinds of character wnitb& the object (numeric, alphabetical, and Japgrtbat
can identify each object, utilizing a pointing gest

The second cues were set up for a comparison dafffaetiveness of reference terms and other verbes.
Subjects responded with the object they thoughsyiséem indicated.
[Subjects]
The subjects were 21 male and female universitdestis, all of whom were different from those who
participated in the experiments in Sections 6.1&&d
[Verifying method]
We verified Hypothesis 1 using the recognition rafethe indicated object and Hypothesis 2 by using
guestionnaire data compiled after the experimeime. questionnairentries were as follows:

1. With which can you morguickly recognize the indicated object, reference terntharacters?

2. With which can you moraccurately recognize the indicated object, reference terntharacters?

3. Which seem to be moratural, reference terms or characters?
Subjects chose from the following three answers:

1. Reference terms;

2. Characters;

3. No preference.
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Fig. 16: Experiment to verify the system’s effectiveness
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Fig. 17: Experimental Environment to verify the system'eefiveness

6.3.3 Experimental Results
[Prediction]
If the hypothesis 1 is correct, subjects will béeab identify the object indicated with verbal sugetermined
by the system. Thus, the recognition rate of thjeatbndicated with the verbal cues will be as héghthe one
with characters; we assume that subject can aetyiidentify the object when the system uses tleastters
to indicate the object.

If the hypothesis 2 is correct, subjects will feabre quick to find the object indicated with théerence
terms than the object indicated with the charactéiisus, the subject will tend to choose the refeeeterm
for the question of 'quickness'.
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[Verification of hypothesis 1]

Table 11l shows the recognition rate of the indezhbbjects. Both the recognition rate using refeszeierms
and that using characters are almost the sameredognition rate results show that both a charaettr
pointing and a reference term with pointing couldicate the object in the environment. Consequettky
system can correctly draw listener's attention be tindicated object among multiple objects in the
environment.

[Verification of hypothesis 2]

Results for questionnaire are shown in Fig. 18.hAstjuare test indicates that the number of subjetio
answered ‘reference term’ was significantly higfg,(=14000 p< 01; ‘reference term’ > ‘character’ p< 0s).

Thus, it is proved that the system can quickly diestener’'s attention to the indicated object byngs

reference terms.
Table Ill: Recognition Rate of indicated object in each ctowli

Utterance Recognition Rate
Verbal cues with reference term 93.33%
utilizing pointing gesture
Verbal cues with characters utilizing 92.38%
pointing gesture

Reference term > character|| reference term < character

p<0.05 I p<0.(1
20 \
[l reference term

i: [] character
14 [] no preference
12

10

8

6

4

2 -

0 _mm

quickness accuracy naturalness

Fig. 18: Questionnaire data in verification of the systesffectiveness

Meanwhile, for accuracy, the number of subjects wdmswered ‘characters’ was significantly high
(x% =38853 p< 001, ‘reference term’ < ‘character’ p< 01). Thus, there seems to be some inconsistencyein th
result for the recognition rate and the questiamnanswer relating to accuracy. Subjects felt thatrobot's
indication with the character is rather more acmuthan that with the reference term. However, tveye
able to identify the indicated object with enougicwacy (93.33% with the reference term; 92.38% whe
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character). There was no significant differencéhim naturalness, but at least the robot’s indicatiith the
reference term is not more unnatural than indicatidh the character.

7. DISCUSSION

7.1 Summary of the results

The developed three-layer attention-drawing modebkists of these sub-models: the Reference TermeMod
(RTM), the Limit Distance Model (LDM), and the ObjeProperty Model (OPM). The robot selected an
appropriate verbal cue to use based on this tlagr-Imodel. Experiments were conducted to verify th
effectiveness of each of the three sub-models dsawéhat of the whole three-layer attention-dragvimodel.
The results revealed the following points:
1. Effectiveness of the RTM (Experiment 6.1)
In the experiment, most of the reference terms ritwot used were evaluated as being within an
understandable range (‘Quite Acceptable’ or ‘Aceej#’). Thus, the robot was able to choose an
appropriate reference term based on the RTM.
2. Effectiveness of the LDM (Experiment 6.2)
The experimental result revealed that the LDM wale #0 identify the area where people can undetistan
the robot’s pointing gesture. This means the rekas able to identify a situation in which it shoulok use
a simple expression.
3. Effectiveness of the three-layer attention-dregwvinodel (Experiment 6.3)
In the experiment, the robot used a pointing gesturd verbal cues, which were generated basedeon th
model. As a result, subjects responded that thee able to quickly identify the object indicated the
robot with the three-layer attention-drawing modkloreover, they accurately identified the objects
indicated by the robot both with and without thee#ilayer attention-drawing model, although they
answered in the questionnaires that indicationHhgy robot without the model was more accuréiee
reason why the subjects answered the charactemh@me accurate is considered to be the issue of the
subjects’ own interpretations. That is, since stiisjeonsider that the character is more specitn th
gesture and a reference term, that they may feeh¢led to call it more accurate. (These subjefdi@kngs
did not correspond with the facts: the subjectsogmition rate was slightly higher for indicatiog the
robot with the three-layer attention-drawing modé&Wle believe that this is similar to what happems i
humans’ casual conversations: reference termsinsazhversation among humans, such as ‘pleasedbok
this’, are subjectively quick but inaccurate.

7.2 Perspectives for android science

In “android science,” many research works focugthm human-likeness of robots. Particularly, appezea
and simple motions, such as eyeball motion, bligkietc., should be among the main focuses of atdroi
research. We believe that the combination of tHeedamental techniques will soon result in huméae-li
interaction between people and an android robat.ekample, we are looking forward to the developimen
possibly in the near future, of an android robatt tten sit down beside a person as if it were bhnegman.
The next step will be to acquire human-like daibyeersation.

The research presented in this paper revealedhtbahree-layer attention-drawing model has themal to
make a humanoid robot capable of such human-likeversation about objects with reference terms and
gestures, such as ‘look at this’, and ‘please pickhis box’.
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One of the most important future works in androiiesce will be to identify the effect of combinirag
human-like appearance (such as the one realizadvary human-like android (Ishiguro 2005)), and thia
the conversation-level achieved in this research.ddh expect that an android will be able to perfarore
human-like interaction with people based on sutégiration. For example, people may feel commurooati
with an android robot to be more believable andiraht On the other hand, if an android robot dogisuse
such reference terms in conversation, people mesepe its way of speaking as too robotic. This mesult
in a more unnatural impression of it.

7.3 Generality and Limitation

Since the experiments were only with one particutdbot, Robovie, the generality of these resultthwi
respect to other robots is limited. In other words cannot be sure whether the findings from these
experiments can be applied to all other humandidtsand android robots. We believe, however, ithata
realistic enough setting and a good start for mebean the gestures and verbal cues given by huiethano
robots. Moreover, although Robovie has a less stipated design than other humanoid robots such as
Honda Corp.’s Asimo, the experiments revealed ffexiveness of the developed system. Thus, webeli
that the developed model is probably applicableditwer humanoid robots and android robots that faave
similarly simple or better appearance. Another titon derives from the simplified settings of the
experiments. To use the model in our daily envirentn we should also take into account people’s
movements when they are acting, walking, and sih.fae believe that we can address these “scalirig-u
issues by applying a more developed model to neafstic settings, such as a field trial in a scemuseum
(Shiomi, 2006) or a simulated environment in a fabary, which should be one of our future works.

7.4 How to take into account of appearance of anidroobots

To apply the model to an android robot, we shoaketinto account how human-like in appearance ithe
developed model is mainly related to the processihghformation based on the positional relatiopshi
among people, a robot, and objects. This work dit facus on the appearance problem. One important
contribution that we can expect from human-likeegrpnce is toward natural and believable feeliagsye
discussed in the previous section.

Moreover, there will be a greater expectation tavesbots having a more human-like appearance. This
expectation is considered to result from the higitandards of robot performance that people aréraaily
demanding. Because this expectation for more huikareppearance probably affects the robot’s pogti
gesture, we may need to adjust the Limit Distanael® (LDM). The effect of the Robovie-type robot’'s
pointing gesture was relatively weak, leading usadgust the limit distance in the LDM to 10 degre@$
course, this parameter is hardware-dependent; Relmnly had one pointing finger on a spherical hand
Several current humanoid robots feature five-fiegehands, however, and there are also android sobot
equipped with human-like hands with five fingerse Welieve that such a sophisticated hand will lzakreore
powerful effect in pointing gestures. Consequentlg,will be able to use a smaller limit distanceha LDM.

7.5 How to take into account of a different languag

The Reference Term Model (RTM) is language-dependerdapanese, there are three reference tdwonrs:
sore, andare. The usage borders among these reference ternmasswoeiated with the positions of speaker,
listener, and the object. In English, for exampiere are two main reference terms, ‘this’ andt'ttes well
as ‘over there’), whose usage border is only aasetiwith the position of the speaker and the objafe
believe that such a dependency can be implementéoei RTM. In other words, the developed attention-
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drawing model is probably capable of other opegaitmother languages by switching the current Ro\dne
for a different language. It should be one ofititeresting future works to validate its effectiess in cross-
cultural or bilingual environment.

8. CONCLUSION

We have developed a three-layer attention-drawindehbased on observations of human conversatats t
refer to objects in the environment. The first layee RTM, associates positional relationship$wetference
terms. The second layer, the LDM, associates tlmatipg gesture with the reference term selectedhey
RTM. The third layer, the OPM, associates otherpkpental verbal cues with the reference term. The
model was implemented to a humanoid robot, Robdiie.experimental results revealed that the roboldc
quickly and correctly indicate the target objecthna pointing gesture and reference terms. Thesthtee-
layer attention-drawing model enables a robot fgakits human-like bodily expression and verbaés for
human-like casual conversation. We believe that ¢apability is one of the essential componentsrfaking
humanoid and android robots fully human-like in coamication with humans.
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