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Abstract. Onomatopoeia is used to describe the state and degree of
movement. Since onomatopoeia is a linguistic symbol, it is expected
that many people will recall the same image corresponding to the ono-
matopoeia. Is this really true? In this paper, we focus on playing with
dolls, collect onomatopoeia uttered during doll play, and construct a
corpus of co-occurrence relations between onomatopoeia and doll move-
ments. In order to verify the value of this corpus, we confirm the recall of
movement from onomatopoeia and vice versa. As an application exam-
ple based on this corpus, we also present a prototype of “onomatopoeia
camera,” a system that automatically adds onomatopoeia and comic-like
expressions to subjects’ movements.

Keywords: Onomatopoeia · Motion corpus · SAX · Onomatopoeia
camera

1 Introduction

Onomatopoeia is commonly used in our daily conversations. For example, we
Japanese use an onomatopoeia “teku teku” to describe the state of walking
motion and use another onomatopoeia “sasa” to describe faster movement.

Onomatopoeia is often thought as childish words or words just for extra
decoration. Onomatopoeia, however, has attractive characteristics that bridge
between linguistic symbols and unfixed concepts associated with bodily move-
ments, mental status, and surrounding situations. We believe the deeper under-
standing of onomatopoeia leads us to mutual understanding among people hav-
ing diffent culture, and between people and robots.

To date, many books and dictionaries focusing on onomatopoeia have been
published. However, it is not enough to gather and discuss onomatopoeia as
linguistic information to approach the essence of the characteristics of ono-
matopoeia. In this paper, we build an onomatopoeia corpus by collecting motion
data of subjects as well as uttered onomatopoeia at the same time in order to
enable more data-driven discussion of onomatopoeia. This paper also shows our
attempt to build a system which mutually recalls between motion and ono-
matopoeia based on the corpus.
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It is practically difficult to collect onomatopoeia and surrounding data com-
prehensively in daily life. So, we chose doll play as a target where we collect data
related on onomatopoeia because we can observe many onomatopoeia is uttered
along with doll movements. We collected onomatopoeic utterances and corre-
sponding doll motion during doll plays for building an onomatopoeia corpus.

This paper describes our attempt to collect doll’s motion data recalled from
various onomatopoeia. We build a corpus consisting of onomatopoeia and cor-
responding motion. We analyze the corpus on how motion associated with ono-
matopoeia converges or disperses depending on doll players. Secondly, we show
the diversion of the corpus to recall suitable onomatopoeia from various motion
measured in other domains such as human actions and robot behaviors. Lastly,
we also show applications based on the corpus, e.g., a prototyped system called
“onomatopoeia camera”, that automatically adds onomatopoeia and comic-like
expressions to a photo according to the motion of the subject in the photo.

2 Related Work

There has been attempts to evaluate onomatopoeia quantitatively [6,7]. In
these work, onomatopoeia was represented by multiple vectors corresponding
to human impressions. Another work presented a method that enables the esti-
mation and depiction of onomatopoeia in computer generated animation based
on physical parameters [2]. There were studies focus on the sounds recalled from
onomatopoeia [8,10,11]. In the work utilizing the features of onomatopoeia, there
was an attempt to propose a system that can present the user with a list of ono-
matopoeia specific to a restaurant they are interested in [5]. In another study,
they produced an onomatopoeic learning support tool for Japanese learners [12].

Thus, analysis of onomatopoeia is often done by focusing on the impressions
and sounds of words. We believe, however, that analysis of linguistic information
alone is insufficient. Therefore, we construct a corpus consisting of onomatopoeia
and motion. We also propose a system for recalling onomatopoeia using the
corpus. We observe what kind of onomatopoeia the proposed system recalls from
motion queries in various domains. We also analyze the relationship between
onomatopoeia and motion.

3 Motion Corpus

3.1 Corpus Consisting of Onomatopoeia and Motion

In this work, we construct a corpus that enables mutual recall between ono-
matopoeia and doll motion. The configuration of the corpus is a collection of
doll motion data expressed by participants for each onomatopoeia (Fig. 1). Each
doll motion data is a position coordinate of three axes and a rotation value of
three axes, and each value is obtained by extracting a motif in the doll movement.

This chapter describes the construction of the corpus and the clustering of
doll motions in each onomatopoeia in the corpus.
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Fig. 1. Motion corpus consisting of onomatopoeia and corresponding motion of doll.

3.2 Data Collection of Doll Motion

As a situation setting for constructing the motion corpus, we focused on doll
play in which onomatopoeia is likely to be uttered. Participants were presented
with onomatopoeic words as shown in Fig. 2 and asked to express the movements
evoked by the onomatopoeic words with a doll. We collected doll movements and
onomatopoeias as label data. The participants were 11 male university students.
The onomatopoeia presented to participants was 21 words, and they expressed
doll movements three times at each onomatopoeic word. As a result, a total of
693 doll movements were collected.

The doll movement is time-series data consisting of three dimensional posi-
tion coordinates and rotation values. We measured doll movements using optical
motion capture system (OptiTrack system with eight cameras). The doll move-
ments are defined as the X-axis for the front direction of the doll, the Y-axis for
the vertical direction, and the Z-axis for the horizontal direction. The rotation
of these three axes is Roll, Yow, and Pitch.

We used 21 onomatopoeic words that we had previously observed in playing
with dolls (Table 1). In the doll play, each of the three participants held one
doll and were asked to play with it freely on the table, which was recorded on
video. From the video recordings of the doll play, we extracted the onomatopoeia
frequently uttered by participants. We also added some onomatopoeic words
from a Japanese onomatopoeia dictionary that are similar to the onomatopoeia
collected in the doll play.

3.3 Extracting Motion Motif Using SAX

The range of movement of the collected dolls varied widely from participant to
participant. For example, some people exaggerated the doll’s walking movement,
while others expressed it in a modest manner. It is not possible to quantify the
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Fig. 2. Collecting motion data of doll movement associated by given onomatopoeia.

Table 1. Onomatopoeia prepared to build our corpus.

onomatopoeia expressing walking and running

Noro Noro Ta Ta Ta Teku Teku Da Da Da Toko Toko Dota Dota Suta Suta

onomatopoeia expressing jumping and flying

Pyon Pyoon Byon Byoon Hyuun Pyuun Byuun

onomatopoeia expressing collision

Doon Doka Dosun Poyon Kotsun Gotsun Zudon

intrinsic proximity between the doll movements generated by multiple partici-
pants if the physical quantities related to the doll movements are used as they
are. Therefore, to be able to handle the qualitative proximity of each doll move-
ment, we extracted the movement motifs from the doll movements and converted
them into string representations.

We used Symbolic Aggregate Approximation (SAX) as a method to extract
motion motifs from doll movements. SAX is one of the methods proposed by Lin
et al. [9] for compressing time-series data, which converts the time-series data
into character strings. Therefore, it is possible to use converted character strings
to apply to pattern search and natural language processing for time-series data.
In this study, the character string obtained by SAX is the automaton in one doll
movement [1,3,4]. The procedure of SAX is shown below (Fig. 3).

1. Normalizing time-series data and divid into w equal sized frames. Mean value
of the data falling within a frame is calculated.

2. Determining breakpoints that will produce equal sized areas under Gaussian
curve. Set the character of each area.

3. Converting the mean value of each frame to a character.

The features of SAX include character string length(w) and character type(a)
parameters after converting. We set the character string length to 20 and the
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Fig. 3. String conversion of time-series data by SAX.

character kind 3 (w = 20, a = 3). We applied SAX to each of the three dimen-
sional position coordinates and rotation values included in the obtained 693 doll
movement data.

SAX converts data to relative values in order to normalize time-series data.
We can compare with other data and measure the similarity between data, using
the value converted to a character string at SAX. The threshold value for convert-
ing to a character string is automatically set to follow the normal distribution
of the normalized time-series data. Therefore, SAX can mechanically convert
unknown time-series data.

3.4 Cluster Analysis of Our Motion Corpus

We analyzed a hierarchical clustering of how the collected movements from doll
play were grouped in each onomatopoeia in the motion corpus. Figure 4 on the
left is a tree diagram obtained by hierarchical clustering, and the percentage of
each class belonging to each onomatopoeia was calculated (right).

Most of the data for walking and running onomatopoeia were collected in
C3. When these doll movements were checked, it was found that they were
walking on the tabletop (Fig. 5). This indicates that the motions recalled from
walking and running onomatopoeia are easy to unite independently of each other.
From this, it was confirmed that the movements recalled by walking and running
onomatopoeia are easily grouped into one class without depending on the person.

On the other hand, jumping and flying onomatopoeia tended to fall into
the C1 and D classes, but were found to be dispersed in each class. The doll
movements performed by the subject, which involved jumping and flying, were
described by some as expressing a high mountain-shaped flight, while others as
gliding horizontally with respect to the ground (Fig. 6). Therefore, it is consid-
ered that there was a difference in the vertical direction in the doll movement.
From these results, it was confirmed that the motions recalled from the ono-
matopoeia that jumps and flies depend on people and belong to various classes.



270 T. Takahashi and Y. Sumi

Fig. 4. Cluster analysis of doll motion data (left figure). Class distribution of motion
data of each onomatopoeia (right figure).

Fig. 5. An example of motion recalled from walking onomatopoeia.

Collision-type onomatopoeia tended to fall into the C1 and D classes but was
found to be dispersed in each class. We confirmed the doll movements expressing
the collision type onomatopoeia, various collision expressions were seen, such as
colliding with something while walking or flying, falling down (Fig. 7). Therefore,
it is considered that the difference between each motion data value was generated
and distributed to each class. From these results, it was confirmed that the
motions recalled from the collision type onomatopoeia tended to depend on
each individual and belonged to each class.

4 Recalling Onomatopoeia from Motion

We prototyped a system that recalls onomatopoeia from arbitrary motion data.
Figure 8 is an overview of the system.
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Fig. 6. An example of motion recalled from jumping and flying onomatopoeia.

Fig. 7. An example of motion recalled from collision onomatopoeia.

4.1 Measuring Motion as Query

One of our goals is to recall onomatopoeia from movements in various domains.
However, the range of motion as measured by the domain varies. For example,
there are some ranges of motion such as doll play on a table and human physical
movement. The information necessary for a motion query are three dimensional
position coordinate and rotation. This section describes how to measure motion.

Doll movement in doll play or small robot motion are small range. For these
domains, we used the motion capture system to measure the motion. We attached
a few motion capture markers to a object of interest and created a rigid body.
The position coordinate value and the rotation value of the created rigid body
were measured. The motion capture system has high measurement accuracy of
motion because it use many tracking camera. However, this system set up many
cameras in a space. The measurable range of this system is small.



272 T. Takahashi and Y. Sumi

Fig. 8. Recalling onomatopoeia using our motion corpus.

The range of human activity related to walking and jumping movements is
very large compared to playing with dolls. We used acceleration sensor and gyro-
scope sensor in this domain. We attached these sensors to a object and measured
motion data. The position coordinate value and rotation value is obtained by
integrating the obtained motion data. The measurable range using these sensors
is big because these are easily mounted. However, the motion capture system
has low measurement accuracy of motion.

4.2 Calculating Similarity Among Motions

The system performs a similarity search using motion data as the query. We
used the Levenshtein distance as the method for similarity search. Levenshtein
distance is a measure of the similarity between two strings. The distance is the
number of deletions, insertions, and substitutions required to transform query
characters into purpose characters. The greater the Levenshtein distance, the
more different the characters are. This system calculate the Levenshtein dis-
tance between motifs of motion query extracted by SAX and each motion data
in motion corpus. After performing the similarity search based on the motion,
onomatopoeia of motion data with a shorter similarity distance is taken as the
searching result.

5 Applying Doll Corpus into Other Domains

We observed that the proposed system recalls what kind of onomatopoeia from
motion queries of various domains. We focused on doll play, small robot and
human body movement in daily life as a domain. We confirm if motion dictionary
have versatility through recalling onomatopoeia from multiple domains.
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5.1 Within “Doll” Domain

Measurement of Doll Play. We observed that proposed system recalls what
kind of onomatopoeia from doll motion in doll play (Fig. 9). Motion with high
degree of freedom than motion corpus doll motion can be seen in doll play. In
the case of same as motion corpus domain, we confirm that whatever proposed
system can recall an onomatopoeia suitable for motion.

Three participants hold a doll and play with dolls on the table about five
minutes. We prepared three types of dolls: hero, monster, and anthropomorphic
tower. A projector displayed a wrestling stage on the table. We asked three
participants to play with dolls freely. We measured the dolls motion using motion
capture system.

Fig. 9. Doll play: Playing with dolls on a table with a wrestling stage projected on it.

Recalling Onomatopoeia. As a result of onomatopoeia recalling from doll
motion in doll play, walking motion recalled walking system onomatopoeia such
as “Suta Suta” and “Toko Toko”. Collision and overturning motion recalled
collision system onomatopoeia such as “kotsun” and “gotsun”. Motion queries
in doll domain recalled onomatopoeia of a system suitable for motion.

5.2 Applying to “Robot” Domain

Measurement of Robot Motion. We observed that proposed system recalls
what kind of onomatopoeia from robot motion (Fig. 10). We confirm that
whether motion dictionary have versatility for motions other than the doll.

We used Jumping Sumo which is a toy drone as a robot. Jumping Sumo is a
two wheels drone. This robot can be controlled by smartphone application. This
drone has preset of motion and it can motion such as jumping and turning. We
measured the preset motions using motion capture system.

Recalling Onomatopoeia. As a result of onomatopoeia recalling from robot
motion, robot’s rectilinear motion recalled walking system onomatopoeia such
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Fig. 10. Measuring robot motion.

as “Ta Ta Ta” and “Toko Toko”. Jumping motion recalled jumping and flying
system onomatopoeia such as “Byoon” and “Hyuun”. Robot domain motion
recalled onomatopoeia of a system suitable for motion.

5.3 Applying to “Human” Domain

Measurement of Human Body Movements. We observed that motion
dictionary recalled what kind of onomatopoeia from human movement (Fig. 11).
People can express the more exaggerated motion more than the body movement
by using dolls. For example, by using doll we can express jumping higher and
flying motion that human cannot do. However, we focus on motif of motion
and compare these motions. In the motif of motions, walking and jumping are
similar. Therefore, we assume that human body movement recalls onomatopoeia
suitable for human movements.

We collected motion data that three participants attach the smartphone on
the chest. We measured body movements using acceleration sensor and angular
velocity sensor are mounted on a smartphone. We asked three participants to
action three motions such as walking, running and skipping on a certain distance.

Fig. 11. Measuring human motion.
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Recalling Onomatopoeia. As a result of onomatopoeia recalled from body
movements in daily life, walking motion like walking and running recalled colli-
sion system onomatopoeia such as “Kotsun” and “Doka”. Jumping motion like
skipping recalled flying system onomatopoeia such as “Byuun” and “Hyuun”. In
the case of recalling onomatopoeia from human domain motion queries, some
motion queries recalled onomatopoeia which are not suitable for system.

6 Discussion on Onomatopoeia Recalling

We observed that proposed system recalls what kind of onomatopoeia from
motion queries of various domains using motion corpus. As a result, some
motions such as doll, robot and human recalled suitable onomatopoeia. Jump-
ing motion queries of these domains recalled jumping system onomatopoeia. We
checked motif of the motion expressing jumping system onomatopoeia in motion
corpus. The motif of these motion were characterized in the vertical direction
(Table.2 and 3). These motif of vertical direction included several kinds of char-
acters. It is conceivable that jumping and flying system onomatopoeia is likely
to be recalled in jumping and flying motions because these motions are seen in
the vertical direction motif.

Table 2. An example of position motif obtained from a robot’s jumping motion.

Position Motif

X aaaaaaaabbbbbccccccc

Y aaaaabccccccccbbaaaa

Z bbbbbbbbbbbbbbbbbbbb

Table 3. An example of position motif obtained from a person’s skipping motion.

Position Motif

X aaaaabbbbbbbbbbccccc

Y aaabccbaacccbabccbaa

Z bbbbbbbbbbbbbbbbbbbb

We confirmed that the onomatopoeia of the collision system was recalled
against the motion seen in the doll play. Participants were attacking and treading
other dolls with his dolls. These motions recalled collision system onomatopoeia.
These doll motions rotate in the middle of walking and flight operations, often
colliding with the other dolls. The motif of these motion were characterized
in the pitch rotation (Table 4). Collision system onomatopoeias are easy to be
recalled for motion including pitch rotation. In one scene, walking motion of
monster type doll recalled the collision system onomatopoeia. The monster type
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doll was attacked by another doll while walking in this scene. It was also seen
that onomatopoeia recall combined with relationship with other doll motion was
done. It was seen that there was difference in the motion motif representing the
rotation values.

Table 4. An example of rotation motif obtained from a doll’s collision motion.

Rotation Motif

Roll bbbbbbbbbbbbbbbbbbbb

Yaw bbbbbbbbbbbbbbbbbbbb

Pitch bbbbbbbbbbabbcccccbb

On the other hand, walking motion of human could not recall walking sys-
tem onomatopoeia. We compared the walking motion motif of human and doll.
Humans move forward while maintaining their posture. The dolls were advanc-
ing while swaying alternately between left and right (Table 5). Also, There was
a pattern that the doll was advancing while moving slightly up and down. It was
seen from each motifs of walking motion that this doll motion affects the value
of rotation value. People can express the more exaggerated or impossible motion
more than the human motion by using dolls. For example, flying motions and
collision motions. In onomatopoeia recall, the motion motif of three dimensional
position and rotation were used for similarity search. However, It is conceivable
that similarity search using all value quantities is not desirable because human
do not much rotational motion. When recalling onomatopoeia in the human
domain, we have to examine feature quantities used for similarity search.

Table 5. Comparing Yaw rotation motifs between walking motions of human and doll.

Motion actor Yaw rotation motif

Human bbbbbbbbbbbbbbbbbbbb

Doll bbbcbcaccbbbbbbaaaab

7 Application Systems

7.1 Onomatopoeia Camera

We created an onomatopoeia camera that adds onomatopoeia following the
movement of the subject in the camera and performs comic-like effects on pho-
tographs. A smartphone is attached to the subject’s chest, and the acceleration
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value is acquired from the subject’s smartphone by the shutter timing of the
camera app created (Fig. 12). This application recall onomatopoeia displayed on
the camera application using the motion corpus constructed from the obtained
acceleration values (Fig. 13).

Fig. 12. Usage example of onomatopoeia camera.

We had several people experience this camera application and observed it.
App users enjoyed seeing the onomatopoeia appearing in the first photo taken.
Gradually, they thought about the patterns between onomatopoeic words and
movements of humans and tried and errored what kind of onomatopoeia would
be displayed. We think that users can learn cognitive science, such as what
kind of onomatopoeia is recalled from human body movements, through camera
applications.

This application can also manually input effect lines such as concentration
lines, which are a type of manga expression, as shown in the photo on the right
of the figure. By applying such comics effects to the photographed pictures, it is
thought that the state at the time of photography can be conveyed clearly and
expressively. Also, comics culture in Japan has been evaluated abroad, and we
believe that the created applications will be useful for intercultural communica-
tion and onomatopoeic learning for non-native Japanese speakers.

7.2 Augmented Doll Play

This application measures a doll motion in doll play and recalls onomatopoeia
from doll motion. The recalled onomatopoeia is displayed on the table (Fig. 14).
We observed the situation of the players who played this AR system. The
player tried what kind of onomatopoeia would be recalled for a certain motion.
Other players looked at the onomatopoeia displayed on the table and moved
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Fig. 13. Examples of onomatopoeia camera: The photo on the center has comic-like
effect which is automatically added associated with the selected onomatopoeia. The
photo on the right shows a monochrome effect.

the dolls. While the system recalled onomatopoeia from motion, the players
recalled motion from onomatopoeia. We can learn motion and language from
onomatopoeia. With this AR system, this language education for children or
expansion of physical expression communication can be augmented.

Fig. 14. Projection of recalled onomatopoeia during doll play.

8 Conclusions

This paper showed our attempt to build a corpus consisting of onomatopoeia
and corresponding motion of subjects. We built our corpus by choosing doll play
as a target since we could observe various onomatopoeia.

We proposed a system which recalls onomatopoeia from doll’s motion. We
extracted motif from doll’s motion data in order to abstractly represent the
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motion data associated with corresponding onomatopoeia. We confirmed if our
system could successfully recalled corresponding onomatopoeia from motion
queries across various domains. The result shows that the motion corpus asso-
ciated with jumping and collision onomatopoeia of doll could be successfully
diverted to both robot and human domains. Human walking motion, however,
could not recall appropriate onomatopoeia associated with walking because the
rotation values of them are quite different.

As application examples based on this corpus, we presented a prototype of
“onomatopoeia camera”, a system that automatically adds onomatopoeia and
comic-like expressions to subjects’ movements, and augmented doll play.
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