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Abstract—Four steps of research are conducted in order to between robot's movements and human's emotion. Nakata
analyze a relationship between robot's actions and human's [3] analyzed a relationship between robot's movements and
emotions who is taking a look at an acting robot. First, 138 1 man's emotions. Analyzing these relationship, first, he mea-

hysical properties of robot’s movements are measured by usin , . . .
gsyimple F;lurFr)wanoid robot with upper half of the body with ¥hree 9 sured robot's movements with some physical properties based

degrees of freedom (DOF) in each arm and three DOF in head. On Laban System. Then, he analyzed the relationship be-
Second, from the 138 physical properties, ten typical physical tween physical properties of robot's movements and human’s
properties are selected by use of hierarchical cluster analysis. emotions by use of factor analysis. In his result, relationship
Third, sensory evaluation is cqndu_cted to extract_three_ emotional between the physical properties of robot's movements and the
factors by use of factor analysis. Flnally, the rglatlonshlp petween human’s emotions is shown. However. his research is obscure
three emotional factors and ten typical physical properties are | ; : ! s
analyzed by use of multi regression analysis. By conducting those in some respects. One is that he decided human’s basic emo-
steps, a model is made explaining the relationship between the tions subjectively. He only selected human’s basic emotions
physical properties of gesture and the human’s emotions. This of joy, surprise, sad and anger. However, it is not covering all
model is expected to be used to generate gestures that can givghe emotions of human’s. Another problem is that he decided
rise to desired emotions of humans. \ . . .

to measure robot’s movements by six physical properties that
were defined by Laban System. Measuring robot’s movement
by only six physical properties is not enough.

In old days, robots have been used only for manufacturing.To establish a method of designing robots that give human
However, in recent days, they are used for various purpospgper emotions by their movements, the quantitative relation-
For example, robots are used for entertaining people, fehiip between physical properties of robot's movements and
treating people having mental illness and for helping educatiboman’s emotions should be clarified. In the present study,
of infants. In those fields, robots are expected to be able analyze a relationship between robot's movements and
to communicate with humans smoothly. For smooth commbuman’s emotions quantitatively. First, physical properties of
nication between robots and humans, it is said that robetshot's movements are measured by using a simple humanoid
have to have an ability to express their emotions in the wagbot having upper half of the body with movement of three
human can feel expressed emotions correctly [1]. Howev&OF in each hand and three DOF in head. Second, over one
gestures of recently developed robots are not designed scheadred physical properties of the robot are measured. From
to give rise to human’s emotions correctly. Therefore, emotiotise result, ten typical physical properties are selected by use
designers expect robots to give human and the emotiasfshierarchical cluster analysis. Third, sensory evaluation is
human feels by robot's actions are not quite the same.cddnducted to extract emotional factors by use of factor analy-
makes it difficult a smooth communication between robots asik. Finally, the relationship between the emotional factors and
humans. To realize a smooth communication between robtig physical properties are analyzed by use of multi regression
and humans, it is necessary to establish a method of desigrémalysis. By conducting those steps, a model is made that
robots that give rise to human expected emotions by thein explain the relationship between the physical properties
actions. To establish the method, first, we should analyze thiegesture and the human emotions.
relationship between robot’s actions and human’s emotions. It
is difficult to analyze the relationship between robot's actions Il. METHODS OF ANALYSIS
and human’s emotion because there are tremendous numbek§e describe a concrete methods to quantify the relationship
of robot’s actions, verbalization, movement and pause. In thasetween the robot’s gestures and the human’s emotions below.
actions, we assume that movement is the most important way order to understand the human’s recognition, semantic
to express emotions. Because, movement such as gesturgifierential (SD) method is effective. It has been used to
the most primitive way to express emotions which humangiantify human’s emotions statistically. Therefore, we use SD
conduct from infant stage [2]. method to analyze the relationship between robot’s gestures

There are several previous studies analyzing the relationshipd human’s emotions. To evaluate human’s emotions, we
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much  modestly neutrally modestly much
Joyful I I I I I Not joyful
Sad I I I I I Not sad
Surprise I I I I I Not surprise
Fearful | : : : | Not fearful
Angry | I I I | Not angry
Disgust | | | | | Not disgust
Easy I I I I I Not easy
Stimulative | | | | | Not stimulative

. . Fig. 2. Gesture robot
Fig. 1. Evaluation sheet

Fig. 3. Selected gestures

must prepare some adjectives which indicate human’s enamnduct multiple regression analysis to analyze statistically the
tions. It is important to select adequate adjectives becauseeiationship between the factors of human’s emotions and the
directly affect on the result of SD method. Therefore, we selgghysical properties of robot's gestures. In multiple regression
adjectives referring to psychology of emotion. In psychologgnalysis, the factors of human emotions are used as objective
of emotion [4], there are numbers of eminent researchers. Eaelniables, as well as the physical properties of robot’s gestures
researcher selected different kinds of human basic emotioase used as explaining variables. Executing those processes, we
However, most of the researchers selected six emotions whaghantify the relationship between the robot’s gesture and the
Ekman suggested, ’joy’, 'surprise’, 'fear’, 'sadness’, 'angehiuman’s emotion.

and 'disgust’, as human basic emotions. Hence, we use those

SiX e'motions. In additio.n to t'hose, we select ano'ther two IIl. PREPARATION OF ANALYSIS

emotions, 'easy’ and ’'stimulative’. Those two emotions are

suggested by Yokoyama [5] for research on animal assist&d Production of gesture robot

therapy (AAT) by introducing robots to medical field instead o

of animals. He suggested that in AAT, human felt comforted Y& Produced a gesture robot shown in Fig. 2 whose shape
by communicating with animals and the comfort was brouglt designed by imitating human’s upper body. The reason why
by a good balance of a human'’s feelings between easy’ al{§ imitate the human’s upper body.ls that in communication,
'stimulative’. With selected the eight adjectives, we evaluaf¥man makes gestures mostly using only upper body. The
human’s emotions by five-point scale as shown in Fig. 1. FroffiPot has nine DOF. Each arm has three DOF and the head has

the result of the evaluation, we conduct factor analysis in orditf€e DOF, respectively. The arms and the head are made by
to extract the human’s potential emotions as factors. Then, \%{,%ehof r|1apt|)c device, PHANTOM (manufactured by SensAble
echnology).



B. Selection of gestures IV. ANALYSIS ON HUMAN'S EMOTIONS

Human uses wide variety of gestures in communication. The human’s emotions when the human observes the robot’s
Therefore, we should classify gestures based on a clear idgestures are represented as several factors of emotions. In
Psychologist Kita [6] proposed a theory of classification afur research, we conduct maximum likelihood common factor
gesture. In his theory, gestures are divided into two categori@salysis to calculate factors of emotions.

One is Emblem. Gestures that are classified into this cate-The result is shown in Table I. In Table I, if absolute
gory are independent from speech. Hence these gesturesfigiges of factor loadings are larger than 0.7, the cells are
used separately in communication. The other is spontane@adored. In Table |, the sum of contributing rate of three factors
gesture. Gestures classified into this category are independssttame 90%. So we can conclude that the human’s emotions
from speech. Hence these gestures are used with speeclvéne described by three factors. From factor loadings of the
communication. In our research, we assume that gestuasfectives, we named each factor. Factor 1, 2, and 3 were
are used independently in communication. Therefore, gestureened 'fear’, factor, 'sadness’ factor and 'aggravation’ factor,
selected in our study belong to Emblem. We selected seventeespectively.

gestures from numbers of gestures described in dictionary [7]

that are classified into Emblem. All gestures are shown in V. ANALYSIS BETWEEN PHYSICAL PROPERTIES OF

Fig. 2. As shown in Fig. 3, the gestures do not have obvious GESTURES AND EMOTIONS

meanings. In order to analyze the relationship between the physical

properties of gestures and the factors of emotions, we con-
C. Measurement of gesture ducted multiple regression analysis. In the multiple regression
ﬁlgalysis, the factors of emotions were used as objective
griables, as well as the physical properties were used as
éplaining variables. The result is shown in Table 2. In Table
each 'X’ shows physical property. 'X1' is a 'maximum

In order to conduct sensory evaluation, we recorded t
robot’s gestures. When we recorded the robot’s gestur¥
we also measured the physical properties of the robot.

measured physical properties are position, velocity, angle a . e ; . .
angular velocity. Measured points are tip of both arms an ocity of top, O,f Ieft.arm,, X2. IS a average veI_ocny c_>f tp
center of head as shown in Fig. 3. Physical properties are m& _Ie’ft’ arr’n.(x) ! X3'is a ma>'<|mum'veloc.|ty of tip Of, r!ght,
sured in three axial directions and measured with time inten@l " * X4. 'S a average velo_mty of t'p. of right grm(x) ’ st
a 'maximum width’, X6’ is a 'maximum height’, 'X7’ is

of a millisecond. From the measured physical properties, \Afe, | locity of head(x) X8’ | } .
calculated 138 physical properties for each gesture. a“average angular velocity of head(x), IS a maximum

angular velocity(y)’, 'X9' is a 'maximum angular velocity(z)’
) ) _ and 'X10’ is a 'sum of kinetic energy of head'. x, y and z
D. Selection of physical properties are directions of movements which are shown in Fig. 2. The

As mentioned above, we calculated 138 physical properti@8aximum width X5 is a maximum distance in x direction
However, it is difficult to quantify the relationship between alPétween tips of both arms. The maximum height X6 is a
of calculated physical properties of the robot's gestures af#ximum distance in y direction between center of head and
the emotions of human. Therefore, we need to select sevét@ftom of robot. In Table II, if a standard partial regression
physical properties indicating features of robot’s movemerfg@efficient is larger than 0.5, the cell is colored. From F value,
well. In order to select physical properties, first, we corfhe I_evgl_of significance of factor of ’fegr’ is 0.5% and the level
ducted hierarchical cluster analysis and classified the physi€hisignificance of factor of 'sadness’ is 10%. Therefore, it is
properties into twelve groups. Then, we selected the typi(gépnfirmed that the relationship between ten physical properties
physical properties of each group. After that, we calculatédnd those two factc_)rs are assumed to be linear. On the other
a correlation coefficient between each physical property aRand. the level of significance of "aggravation’ factor is 40%.
conducted determination of significance by use of t-test. TH&€refore, the relationship between ten physical properties
level of significance was 1%. From the result of determinatidid the "aggravation’ factor is not linear. This result indicates

'aggravation’ factor.

The standard partial regression coefficient of the ‘fear’
factor shows that the average velocity of tip of right arm(x)

In order to evaluate human’'s emotions when they aregatively contribute to the factor.The 'fear factor is also
observing robot’s gestures, we conducted sensory evaluatipasitively affected by the average angular velocity of head
In our sensory evaluation, examinees are thirteen men gl
women in their twenties. Experimental procedures are asThe standard partial regression coefficient of the 'sadness’
follows: First, we show movies of all the gestures of thé&ctor shows that the average velocity of tip of left arm (x) and
robot to the examinees. Then, the examinees recorded thbé& maximum velocity of tip of right arm negatively contribute
emotions in evaluation sheet shown in Fig. 1. From the resut, the factor and the maximum velocity of head (y) positively
we calculated the sum of all the examinees in each adjectigentribute to the factor.

E. Sensory evaluation



TABLE |
FACTOR LADING MATRIX

Factorl Factor2 Factor3 Independent factor

Stimulative 0.95 -0.05 0.30 0.03
Easy -0.77 -0.48 -0.29 0.26
Surprize 0.90 -0.18 0.15 0.25
Fear 0.72 0.35 0.33 0.01
Sadness -0.08 0.84 0.18 0.01
Joy -0.14 -0.85 -0.48 0.01
Disgust 0.41 046 0.78 0.10
Anger 0.40 035 0.84 0.14
Charasteristic number 5.01 1.83 0.37
Accumulative contributing rate 0.63 0.85 0.90
TABLE Il
MULTIPLE REGRESSION ANALYSIS BETWEEN PHYSICAL PROPERTIES AND FACTORS OF EMOTIONS
X1 X2 X3 X4 X5 X6 X7 X8 X9  X10 R2 F
Fear -0.05 -0.10 045 -0.57 0.08 0.18  0.63 010 0.13 -0.15 0.95 11.87
Sadness -0.17  -0.88 -0.71 -0.02 045 -0.32 031 071 -0.08 047 0.84 3.22
Aggravation  0.41 0.10 -0.11 0.35 -0.65 -0.16 039 -0.71 0.00 -0.39 068 1.26
VI. DISCUSSION and the factors of human’s emotions. The result of factor anal-

. sis shows that the human’s emotions when human observes
From the result of factor analysis, three factors are calcy- , .
- S, . . , e robot’s gestures are explained by three factors. The result
lated. For example, 'stimulative’ , 'easy’ , 'surprise’ and 'fear ) . . , ,
of multiple regression analysis shows that ‘fear’ factor and

are strongly-correlated to 'aggravation’ factor. Hence, those \ . . :
= T , _sadness’ factor are described by several physical properties
four adjectives are on the same axis. Likewise, 'sadness’ a .
. . , ) .- . of robots. By using our model, we can generate gestures of
joy’ are on the same axis and 'anger’ and 'disgust’ are on the L . ;

. robots that give rise to desired emotions of human.
same axis. Therefore we can conclude that human evaluate
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