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A Study on Sound Source Signals for Estimating Sound Transmission Characteristics
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Abstract

The importance of understanding acoustic space has become crucial in our daily lives. This
understanding is based on the impulse response, prompting us to investigate the sound source
signals used for measurements, which significantly influence measurement accuracy. In this
study, we employed the DLR—CS method, one of the measurement techniques, and conducted a
comparison based on the noise floor and estimation results. The findings revealed that white
noise and TRaP$S (Time Random Permutated Sinusoidal signal) enable us to 1) conduct measure-
ments and 2) perform two-system measurements with two sources and one observation point.
TRaPS offer the advantage of easy creation, unlike the need for a Monte Carlo method to gener-
ate an uncorrelated white signal for two-source measurements. Additionally, TRaPS demon-
strated a tendency to achieve higher accuracy for estimates with smaller amplitudes and larger
power. These results are anticipated to form the foundation for acoustic design and implementa-
tion techniques in virtual spaces such as the Metaverse.
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Abstract

Many countries agreed that reducing anthropogenic greenhouse gas emissions and improv-
ing the carbon uptake of forests are pivotal steps toward limiting increases in the global average
temperature in the Paris Agreement in 2015. Understanding land use changes is essential for
comprehending the sources of greenhouse gas emissions and implementing countermeasures to
reduce them, especially in terrestrial contexts. The severe deforestation in southeast Asia is
largely due to its agricultural sector, which has to continuously expand, further encroaching into
more natural habitats, to feed an ever-growing human population. In this study, we created an-
nual land use maps using satellite data from 2000 to 2020 throughout Borneo and detected the
land use changes by comparing the maps on an annual basis. The accuracy of the created land
use maps was 92.5*1.4% on average (=* 1standard deviation) over the 20 years. Specifically,
there was an 8 % reduction in land use changes in forests, whereas oil palm plantations ex-
panded by 185%. The resultant maps should not only facilitate accurate carbon budget estima-
tions from terrestrial sources in Borneo, but also act as input data for biomass estimation, atmos-

pheric transport, terrestrial ecosystem, and meteorological models.

F—— F EHFTEZL, BariRiimiik, o A V=L B, T8, TS LT LA
Keywords : land use changes, tropical peat swamp forest, oil palm plantation, optical data,

random forest
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Onomatopoeia in a Japanese-to-English Translation of All Out!!
— a Case Study
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Abstract

There have been various approaches to the connection between signs and their meanings.

While some scholars have argued that sounds are entirely arbitrary, there have been arguments

that certain sounds are likely connected to certain meanings. This paper considers these two ap-

proaches while examining onomatopoeic expressions in a Japanese-to-English translation of the

manga All Outll. It looks at the original solutions the translator found to deal with onomatopoeia

with no English counterparts and evaluates to what extent they relied on either already fixed

combinations of sounds or used the phonological properties of English sounds to convey a mean-

ing similar to the original. The examined expressions were found to be on a cline with varying

degrees of traceable motivation, Le., obvious phonological features with a certain communicative

function. It appears, however, that none of the novel onomatopoeia were selected entirely arbi-

trarily unless their meaning was fixed, such as in the use of verbs to translate onomatopoeia.

FoU—Fi AR BEN Ry, Bl

Keywords : Onomatopoeia, arbitrariness, signs, manga

1 Introduction

Signs are essential for interaction, encoding informa-
tion into elements and giving them a communicative
function. To fulfil this function, conventions for their
use and meaning are necessary. Signs have been con-
sidered either arbitrary or motivated. The latter ap-
proach (laid out by social semiotics) suggests that some
of their properties make them more suitable for certain
uses or to express certain meanings, while the former

(proposed by Saussure, 2011) does not see signs this

way.

To illustrate the points made in this paper’s discus-

sion, onomatopoeia in the translation of a Japanese
manga will be used. According to Littlemore (2009),
Japanese uses a wider range of onomatopoeic expres-
sions than English. When translating manga from Japa-
nese into English, the translator needs to deal with the
variety in the source text by finding original solutions,
as Petersen (2009) points out. To what extent can these
expressions qualify as ‘fixed" onomatopoeia that the
English language reader will be familiar with? To what
extent are they idiosyncrasies of the sign producer (or,
in the case of this paper, the translator)? Conversely, if
they are fixed, to what extent are they decontextual-
ised? If they are idiosyncrasies, what makes an ono-
matopoeia (or ‘SFX' — short for ‘sound effects — in
manga jargon) suitable to represent the given real-
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world sounds or meanings? This paper will use several
manga SFX to discuss possible answers to these ques-
tions in relation to the applicability of Saussure’s frame-
work or social semiotics in order to examine to what
extent onomatopoeic expressions are fixed. Further-

more, a psycholinguistic perspective will be added.

Section 2 will introduce the general terms used in
Saussure’s framework and social semiotics to lay out a
clear base for discussion. It will also describe these
frameworks' approaches to arbitrariness and motivation.
Due to its relevance to onomatopoeic expressions, a
psycholinguistic view on sound symbolism will also be
introduced. Section 3 will introduce and justify the choice
of SFX as multimodal signs. The arguments made in
this paper will be discussed and illustrated with specific
examples in section 4. Section 5 will discuss the overall
implications for motivation and arbitrariness in signs.

First, I will lay out the terms used in this discussion.

2 Signs, motivation and sound symbolism

There are various perspectives on the use and per-
ception of signs. This section will introduce the frame-

works relevant to the paper’s discussion.

2.1 Sign and semiotic resource

Saussure is considered the founder of the discipline
he named semiology or a “science that studies the life
(Saussure, 2011, p. 66). His

starting point for the examination of signs is language.

of signs within society”
A linguistic sign, he says, “unites..a concept and a
sound image” (2011, p. 66). For example, the sign ex-
pressed as ‘tree’ consists of the concept of a tree (the
plant)and the sound image of the word. However, Saus-
sure realises that this definition could restrict semiol-
ogy and proposes “to retain the word sign to designate
the whole and to replace concept and sound-image re-
spectively by signified [signifié] and signifier [signifi-
ant]” (2011, p. 66). In the ‘tree’ example, the sounds
made when uttering the word (or its written letters)
are the signifier, and the concept of a plant with a stem
of wood is the signified. In the case of onomatopoeia in

comic books, the signifier is the written expression, and

the signified is the sound or concept it is meant to rep-
resent, making ‘signifier’ and ‘signified’ more suitable

than ‘sound image’ and ‘concept’.

The social semiotics framework builds on this idea.
However, with reference to Systemic Functional Gram-
mar, it sees language as a “resource for making mean-
ings” (Halliday, 1978, p. 192). As such, signs are not
considered fixed but determined and formed by their
use, lLe. they are context-specific. In social semiotics,
therefore, the term resource is preferred, as Van
Leeuwen points out (2005, p. 3), used similarly to signi-
fier in Saussure’'s terms. Resources, in turn, have “se-
miotic potential” or “potential for making meaning”

(2005, p. 4).

Another relevant term, affordance, is introduced by
Gibson (1979). Defined as the potential uses of a given
object, it may appear identical to potential. There is,
however, a difference in perspective. Van Leeuwen ex-
plains that “different observers might notice different
affordances, depending on their needs and interests
and on the specifics of the situation at hand” (2005, p.
4). Thus, the focus is on the perception of the sign’s re-
ceiver. He also points out the similarity with “the Halli-
dayan concept of ‘meaning potential, in which linguistic
signifiers — words and sentences — have a signifying po-
tential rather than specific meanings” (2005, p. 4). For
example, an Italian friend of mine was perplexed to see
the word ‘due’ on the signboard at a London bus stop.
Its written form is identical to ‘two’ in his native lan-
guage. In this case, the English affordance meaning
‘coming soon’ is relevant, whilst an Italian speaker may
observe the affordance meaning a confusingly random

Italian number in an otherwise English context.

The difference between the two terms can also be
described in the way that potentials are “meanings that
have already been introduced into society” while “affor-
dance also brings meanings that have not yet been rec-
ognized” (Van Leeuwen, 2005, p. 4). In other words,
when an affordance becomes suitable for expressing a
certain signified (in Saussure’s terms), it becomes po-
tential. Kress describes this process as follows: “[TJhe

production of signs takes place in a situation of ever-
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increasing tension between the meaning of existing
signs, which provide the signifiers[...]Jand the pro-
ducer’s need or wish to produce new signs” (1993, p.
173). This is highly relevant to a situation where a sign
maker creates new onomatopoeic expressions in comic
books, making use of the affordances of certain sounds
and, in some cases, helping to create meaning potential

if the expression becomes gradually conventionalised.

Kress also points out that “signs are always motivated
by the producer’s interest and by the characteristics of
the object” (1993, p. 173, italics added). It is this type of

motivation to which the next subsection turns.

2.2 Arbitrariness and motivation

How do sign makers choose signifiers or semiotic re-
sources? Saussure says that this choice is entirely arbi-
trary. He maintains that arbitrariness does not mean
randomness, stating that “[tJhe term [arbitrary]
should not imply that the choice of the signifier is left
entirely to the speaker...[but] that it is unmotivated, i.
e. arbitrary in that it actually has no natural connection
with the signified.” (2011, pp. 68—69). This suggests
that he sees the choice of signifiers as based purely on
convention. “Tree’ means what it means to an English
speaker, not because of any inherent properties of the
word’'s sounds but because English speakers have
agreed that those sounds (and letters in written lan-

guage) will be used to express the concept.

However, Saussure does not deny the existence of
motivation in language. He believes that, despite the
“fundamental principle of the arbitrariness of the sign”,
it is possible to distinguish “what is radically arbitrary,
ie. unmotivated, and what is only relatively arbitrary”

(2011, p. 131). Japanese cardinal numbers above 10
could serve as an example. For instance, ja-ichi
(eleven) consists of the words for ten (jii) and one
(ichi). This suggests that Saussure sees motivation

as a way for the human brain to organize signs.

This concept of motivation differs somewhat from
the one used in social semiotics. Kress says that all hu-

mans (and not only humans) share “highly general semi-

otic principles”, most significantly that there is a ‘moti-
vated relation’ between the form and meaning of the
signs that they make (2010, p. 9). It is worth noting
that social semiotics sees language merely as one of
several modes of communication. Kress (2010) refers
to Chomsky (1965) and his concept of ‘innate’ linguistic
competence that humans naturally possess. While he
agrees with the noble implications of such a concept,
he suggests replacing the term linguistic competence
with “social, semiotic communicational principles and
dispositions — which include linguistic as one instance”

(Kress, 2010, p. 9). This approach would allow the ex-
amination of human communication beyond spoken or
written language. It also enables the examination of
onomatopoeia as multimodal signs rather than as a

purely linguistic feature.

Kress goes on to give the three most important ex-
(1) that

signs are motivated conjunctions of form and mean-

amples of “principles shared by all cultures:

ing; that conjunction is based on ( 2) the interest of the
sign-maker; using (3) culturally available resources”

(2010, p. 10). These principles imply that sign makers
decide what signs to make and how to make them
based on their interests and that they use means of ex-
pression recognised by the culture they are making
these signs in. These principles can also be tied to the
relation between affordance and potential, as intro-

duced in subsection 2. 1.

To summarise the differences between the two ap-
proaches, Saussure’s framework sees the relation be-
tween signified and signifier as always arbitrary and
never fully motivated. In social semiotics, conversely,
all signs are considered motivated by the sign maker’s
interests and available resources. At this stage, it ap-
pears that the concept of motivation used in the social
semiotics framework offers a better explanation for the
creation of onomatopoeic neologisms in manga because
it justifies the use of expressions previously unknown
to their reader. If these were entirely arbitrary, they
would not be likely to fulfil a communicative function.
Furthermore, if they truly are the translator’s idiosyn-
crasies, perhaps their components (and the meaning po-

tentials or affordances of those) help the reader identify
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the signs’ communicative purpose. The next subsection

will examine how that may be possible.

2.3 Sound symbolism

Onomatopoeia appear to have a peculiar place in
various languages. For example, Aitchison, who agrees
with the notion of arbitrary signs, recognises that a
few onomatopoeic expressions are not arbitrary (2012,
p. 262). She adds that there is variation between lan-
guages and that “individual languages may build up idi-
osyncratic associations between certain sound se-
quences and particular meanings” (2012, p. 262). I will
elaborate on this concept when introducing phonaes-

themes later in this subsection.

Aitchison (2012, p. 262) cites Kohler's (1947) experi-
ment in which German subjects were given “two line
drawings, one composed of curves, the other of spikes
and angles”. Their task was to label each of them
either ‘maluma’ or ‘takete’. Overwhelmingly, ‘maluma’
was chosen for the rounded drawing and ‘takete’ for
the spiky one. She adds that the experiment was repli-
cable in other countries (2012, p. 262), suggesting that
we may associate sounds with concepts at a deeper
level. This idea may be crucial when examining ono-
matopoeia. However, she warns of drawing hasty con-
clusions, saying that “this slender thread of sound sym-
bolism [...] appears to exist with respect to forced
choices between nonsense words, but largely fades
away in actual language use” (2012, p. 262). In other
words, this basic connection between sound and con-
cept, or — in semiotic terms - signifier and signified,
gets gradually lost once the expression stops being just
‘sounds’ but becomes a part of a language’s vocabulary.
For example, it may be hard to trace a connection be-
tween the concept and sound image of lexicalised
words, such as ‘water’. Nevertheless, it appears that,
from a psycholinguistic perspective, not all relations
are considered arbitrary and onomatopoeic expressions
can have a clearer, or motivated, connection between

signified and signifier.

Saussure says that onomatopoeia “might be used to
prove that the choice of the signifier and signified is

not always arbitrary” (2011, p. 68). However, he chal-
lenges this claim by saying that they “are only approxi-
mate and more or less conventional imitations of cer-
tain sounds” (2011, p. 68). Conversely, using the social
semiotic framework, it could be argued that sign mak-
ers who use onomatopoeia take the given language’s
available resources (its phonological repertoire) and cre-
ate a sign that suits their interest of mimicking a sound
or (frequently in the case of Japanese) a concept. How
these differ from language to language can partly de-
pend on the extent to which they are ‘fixed in each of
them.

From a cognitive linguistic perspective, Littlemore
sees onomatopoeia as a type of “sound symbolism’ in
which form and meaning are related” (2009, p. 150). As
such, they would move away from arbitrariness as de-
scribed by Saussure. Littlemore points out the wide
range of onomatopoeia in Japanese but adds that
“sound symbolism is also present, albeit to a lesser de-
gree, in English” (2009, p. 151). She sees a connection
between a word's meaning and “the residual meaning
(2009, p.151).
These have been termed by Bergen as phonaesthemes

of sounds, or phonological clusters”

(2004, p. 290). For instance, English words starting
with ‘gl are often connected with brightness (e.g. ‘glit-
ter’ or ‘glint’ ), and words starting with ‘sn’ often have
a connection with the nose (e.g. ‘sniff or ‘snore’) (2004,
p. 290). Littlemore explains that this connection can be
etymological, e.g: the Old/Middle English word for
‘brightness’ being ‘glit’ (2009, p. 151). There are, how-
ever, phonological clusters that do not appear to have
such a connection, such as words ending with ‘—udge’,
which, according to Shore, imply ‘heavy stickiness’
(1996). Whatever the origin, it appears that the con-
cept of phonaesthemes may shed light on why some
sounds are intuitively perceived as more suitable to ex-
press certain meanings. This feature may be important
when dealing with novel and unusual onomatopoeic ex-

pressions.

3 Onomatopoeia in Japanese manga as multimodal
signs

Having laid out the basic theoretical framework for



Onomatopoeia in a Japanese-to-English Translation of All Outll — a Case Study 21

the discussion, I will describe what makes onomato-
poeia, specifically when used in manga, a type of multi-
modal sign. Kress says that “all signs are multimodal”

(1993, p. 187). In the case of written language, it could
be argued that there are already at least two ‘modes’,
that of writing and that of the word's sound image. In
the case of comic books, this multimodality is even
more pronounced due to the inclusion of visual images.
Moreover, SFX are typically placed in the same frame
as the image, without the use of word balloons com-
mon for dialogue (e.g: ‘gwong’ and ‘whomp’ in Figure
1). Van Leeuwen says that frames are an important
device used in all kinds of communications, because
“connected elements will be read as belonging to-
gether” (2005, p. 7). This means that the SFX are
meant to evoke a sound being produced simultaneously
with the represented event. Also, framing has various
degrees (Van Leeuwen, 2005, p. 14). In manga, for in-
stance, a panel is a frame, whereas word balloons are
frames within that frame. This enables various degrees

of detachment or connection.

Petersen says that SFX are prominent in manga be-
cause of a long tradition of storytelling in Japan and
characteristic features of the Japanese language (2009,
pp. 163-167). He also compares American comics and
Japanese manga, noting that onomatopoeic expressions
are more frequent in the latter. This, he points out, re-
quires translators to find original solutions (2009, pp.
165, 169). He says that manga exploits a phenomenon
referred to as ‘subvocalization, which is “a natural
habit of readers to imagine the sound through inaudible
speech movements of the lips and throat” (2009, p.
164). They can be, therefore, seen not only as a visual
means of communication but also as auditory (albeit

imaginative).

It appears that SFX have a quasi-auditory nature
and are integrated as visual elements in manga. This
makes them multimodal signs. In the next section, I
will examine several specific examples.

4 English SFX in A/l Out!!

To illustrate the points made and examine the fea-

tures discussed so far, I will use several pages from the
first volume of All Out!! by Shiori Amase (2017). The
translator's name is not published online. It is a sports
manga about high school students who take up playing
rugby. In my experience working for a manga pub-
lisher, sports manga is a dynamic genre with a rela-
tively high frequency of SFX supporting the narrative.
Therefore, it offers a wide range of SFX for examina-

tion.

Figure 1 “All Out!"” p. 1
(Amase, Shiori. 2017. Kodansha)

Figure 1 shows two SFX on page 10 that read
‘gwong’ and ‘whomp’. An English speaker might find
the latter's inclusion natural. It is an example of
giongo, which Petersen describes as “words that
mimic real sounds” (2009, p. 167). However, the picture
including ‘gwong’” does not suggest any sound produc-
tion. ‘Gwong  expresses the characters’ surprise. Pe-
tersen refers to this type of onomatopoeia as gitaigo
and defines them as “words that mimic psychological
states and non-auditory sounds” (2009, p. 167). ‘Whomp’
is, according to the Merriam-Webster dictionary, an ex-
isting expression in American English. However,

‘gwong’ is uncommon in everyday English. Further-
more, gitaigo are, as Littlemore points out, absent in
English altogether (2009, p. 150). This can raise ques-
tions as to what extent its use is motivated. It could
also suggest that it is composed of phonaesthemes and
has affordances or potentials that make it suitable for

the context.
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There are two SFX on page 11, ‘irk’ and ‘snap’. In
these cases, the translator used existing verbs to trans-

late the gitaigo.

Figure 2 “All Out!” p.11
(Amase, Shiori. 2017. Kodansha)

The SFX on page 12 read ‘grab, ‘vwump and
‘looooom’. The logic behind the use of ‘grab’ and
‘looooom’ is the same as that for ‘irk’ and ‘snap’ on the
previous page. ‘Vwump’, conversely, is not a part of
English vocabulary (according to the Macmillan,
Merriam-Webster and Collins online dictionaries), but
it displays phonetic similarities with ‘whomp’ from page
10. The contexts could imply that “omp or ‘“-ump’
evoke a quick, possibly violent, movement, similar to

“ack’ (asin ‘smack’ or ‘whack’).

The first panel on page 13 shows the SFX ‘rmb’ four
times. The original go resembles gu from the previous
page, but there is no correlation in the English transla-
tion. Also, the repetition of the SFX in tandem with the
context suggests that it does not express movement
but either lack thereof or a psychological state, making
it another example of gitaigo. The SFX in the second
panel, ‘grrk’is not an English word either. It appears
to illustrate strenuous effort, but more similar exam-
ples would be needed to determine to what extent this
choice is motivated. The last SFX on this page is a

repetition of ‘stomp’, another verb.

Figure 3 “All Out!!” p. 12
(Amase, Shiori. 2017. Kodansha)

Figure 4 “All Out!!” p.13
(Amase, Shiori. 2017. Kodansha)
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Moving on to SFX on pages 22 and 23, the first SFX
on this double page, ‘wham is a more conventional
way of representing an impact. In the second panel, a
somewhat similar movement is expressed using

‘whump'. While this one may not be as common, it ap-

Figure 5 “All Out!!” p.22
(Amase, Shiori. 2017. Kodansha)

%

Figure 6 “All Out!!” p.23
(Amase, Shiori. 2017. Kodansha)

pears to follow that pattern of the sound combinations
‘om’ and ‘u-m’, possibly followed by a p’ (e.g: ‘thump’)

representing abrupt movement or impact. It could be
argued that these seemingly arbitrary letter combina-
tions contain phonaesthemes and their use is, therefore,
motivated. The remaining SFX on this double page are

verbs illustrating represented actions.

An SFX on page 27 relatively resembles the original.
‘Kssh' is a translation of the original gasha and illus-

trates the rattling of a chain-link fence.

Figure 7 “All Out!!” p. 26
(Amase, Shiori. 2017. Kodansha)

Figure 8 “All Out!!” p. 27
(Amase, Shiori. 2017. Kodansha)
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This choice looks straightforward due to the proxim-
ity of the real-world sound to the phoneme ‘sh’ in both
languages. Less obvious is the choice of fwup' in the
second panel. The SFX accompanies an image showing
a quick movement of the character turning around. It
is not as abrupt and has a smaller range, but it repre-
sents speed, similarly to ‘vwump' on page 12. This
could indicate that the combinations fw’ or ‘vw’ evoke
a kind of ‘airiness’ or speed of movement without nec-
essarily being large or violent. This translation could be
motivated by how English language readers perceive
these sounds, as the originals gu and basa bear no re-
semblance. The only SFX on page 27, ‘tff, could be
similarly motivated to express a rustle or a quick
movement of the character’ s foot. The former could be
motivated by the similarity of a rustling sound with the
phoneme f.

The reason for this movement becomes clear on the
following page, where the character turns to another

character.

Figure 9 “All Out!!” p.28
(Amase, Shiori. 2017. Kodansha)

Page 29 shows two relatively similar SFX, ‘whump’

(cf. page 22) and fa-whomp'. Both expressions appear
to support the assumption about the “om (p) /um (p)’
phonaestheme and its function of representing abrupt
movement or impact, with indications of motivation.
Furthermore, ‘wh’ at the beginning of an SFX or sylla-
ble seems to be an orthographic means for expressing
this type of movement, e.g.: the more common ‘wham’

or ‘whack’.

Finally, I would like to move on to pages 32 and 33.
The first SFX, ‘rahhh’, could be classified as a caption,

expressing vocal sounds made by the characters.

On page 33, there is the SFX “vwoosh”, which would
support the idea about the ‘vw' combination used to

represent quick movements through air.

J -
Figure11 “All Out!!” p.32
(Amase, Shiori. 2017. Kodansha)
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Figure12 “All Out!!” p. 33
(Amase, Shiori. 2017. Kodansha)
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These examples indicate that English language read-
ers may recognise affordances in certain sound combi-
nations which, in some cases, have gained meaning po-
tential at word level. For example, ‘fw’ has the affor-
dance to indicate quick, ‘airy’ movement while a con-
ventionalized SFX such as ‘wham’ has the meaning po-
tential to illustrate or represent an impact. In the next
section, I will discuss the implication this has for a dis-

cussion of motivation and arbitrariness.

5 Arbitrariness and motivation in manga SFX

Here I revisit the questions raised in the introduc-
tion: To what extent do SFX qualify as ‘fixed’ onomato-
poeia that the English language reader is familiar with?
The examples discussed in this paper indicate that be-
cause English lacks a repertoire of fixed onomatopoeia
to match that of Japanese, the translator may compen-
sate for this deficiency by inventing new expressions
or using expressions that are not conventionally a part
of the English lexicon. They may be fixed to a certain
extent, but there is still room for the creative use of
the affordances of phonological components and the

meaning potentials of existing expressions.

It was difficult to judge to what extent the examined
SFX are the translator’ s idiosyncrasies. For this pur-
pose, it would be useful to create a multimodal and/or
bilingual corpus of manga similar to that suggested by
Andersen for sociolinguistic research (2010). Its use
may also shed light on whether there are expressions
that, although not found in an English dictionary, have
become common and, to some extent, conventionalised

in the manga genre.

The visual aspect of the manga examined in this pa-
per indicated that SFX are not fully decontextualised.
Whilst the translator did use several conventional Eng-
lish onomatopoeic expressions and regular English lexi-
cal items, such as ‘grab’ and ‘stomp’, they had to find
original solutions that followed observable patterns.
There are indications that if some of the expressions
used in this translation are not fixed, it is their compo-
nents, such as ~omp’ or ‘vw’, that show signs of fixed-

ness and decontextualisation. Decisions on their suit-

ability to represent the given meaning in the source
text seem to be arbitrary to some degree but are occa-
sionally motivated by phonological similarity (gasha
and ‘kssh’).

Overall, it appears that this manga translation illus-
trates some motivation in signs. Some sound combina-
tions appear to be arbitrary, possibly due to their lexi-
calisation. The social semiotics model seems to be more
applicable in this case than Saussure’s framework. The
‘Interest of the sign-maker’ can be identified as an in-
terest to add sound effects and the ‘culturally available
resources’ can be conventionalised onomatopoeic ex-
pressions, lexicalised verbs or combinations of sounds

with meaning potential.

6 Conclusion

This paper has discussed to what extent signs are
motivated or arbitrary using examples from an English
version of a Japanese manga to illustrate the points
made and examine the features discussed. It appears
that the social semiotics approach is more relevant to
the discussion, as in a situation when onomatopoeic ex-
pressions need to be invented, motivation is key for
comprehensibility. This motivation is realised within
the boundaries of English phonology and the extent to
which these new expressions resemble existing ono-
matopoeic expressions. The latter boundary, however,
suggests that there is some ‘fixedness' involved in the
process. Psycholinguistic research has revealed that hu-
mans associate certain sound combinations with certain
situations and feelings, suggesting that onomatopoeic
expressions, as well as lexicalised expressions, exist on
a cline. On one end, their motivation is easily traceable

(e.g: resemblance to real-world sounds). On the other
end are lexical items whose motivated origins are
harder to trace and can, therefore, be considered more
fixed and arbitrary. Whether this fixedness is the re-
sult of motivated choices made by past users would be
a topic for further research using, for example, multi-

modal corpora.
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Abstract

In Japan, since 2020, medical exposure records are required by law. Evaluation of organ
doses during computed tomography (CT) examinations can be performed using tools such as
WAZA-ARIL The body shapes of Japanese adults (JM-103 and JF-103) used for dosimetry were
voxel phantoms created from CT data of the human body. Although voxel phantoms faithfully re-
produce the human body, difficulties arise during the construction of dosimetry systems for radia-
tion work involving complex postures. To address this challenge, we created a mathematical
phantom (MIRD phantom) using human body phantoms (JM—-103 and JF-103), organ size and po-
sition data from clinical images, and material data corresponding to each organ for dosimetry. We
then confirmed that the MIRD phantom created by this method resulted in no specific practical
problems compared to voxel phantoms such as JM—103 and JF-103.

F—17— F : JM-103, JF-103, WAZA-ARI, MIRD 77 > b A&, K7LV T 7 A
Keywords : JM-103, JF-103, WAZA-ARI, MIRD phantom, Voxel phantom
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1. U

1) BAOEEHIE < DBIR

20194F 3 H OEBFELIEHRS X, 202044 H X v, %
YIRS & 20T 58 O BEEHUEIRIC L 28X im0 d
R OGS, ZoMoBRAREMoREf A iy L
L-ED oD # L5 2 ERFBEMN T SNz,

ZOBEFE LT, EFEEIZIIDOWTIIHIE < HE o
BRASZ <, #IE < ORBUIZ D W T ERE T8 0% HiE
LEENTERELDH L, LAL, HERIZBWTILCT
BB OAGHAY, ANI1005 A4 72 0 KEOR455 12
FLHARIEHI6HE EMRO P THRICHTI>TBY
(OECD 2023)V, ER—A247-0 o < #ia R
DFETEy TNV ERITHN TS 2 EBEDTE
KEZoTWb,



28 ' B

20004ERIC A > Th s, CT AF ¥ v EEOHFEDM
BIEHREE L, 2omlisnidle, 32, 64, 1285k
BinL, HAETIER200O<IVF AF ¥ CTHENE
L TW5b, 2SR, CTHRIEEIZBI 2L n
O FFHRZINC L 28I IS LT, BRI
CENERERASGOREL o T h, TR LTH
CT#EA =D —I%, BHOEBI PP IEBEETDH
D, Z L THENICEOREL L T2 BB % AT
W S b AR D %EE & DRI LT K5 T B OSHLIRT
5o

20044E 124 ) ADF v 7 AT + — FKZFD Berring-
ton & 2 IFIEE B L OB 147 FEOEHEE O X ki<
WCEDREBAVAZIZOWTHE L. ZOmXLDHF
T, Berrington {3 X 2B OB I H AN S o &£ b &
{, ZFLTHEDPADEG ) AZIZHAEN32%TH - &
L, FAURERT, 58TDFEN AFE L B D BN A Y
THEME Lz £z, HRUAMOE DL DFF5-1)
A2 72DV TIE2 %Ki & L Tw b, Berrington 1& &
512, 2009FEDKENZ BT B CT Ao E M % 2
12, kR TEETREDA) A2 25 L, 20074 DK [
N CT A & T, FFRMIZHK29, 000D %5 AFETH
Bssging 2 L L7z, BITEHARIC BT 5 EHFEHEIE <
MEE, 20X R XHMCTHBEEOWMIZEL > T,
Berrington D i LD EEFE DK 2R T, X WHAK A
FZHIL T EfEEENT S,

2) EBEHIEKDHEEEY —IIZDWT

ST, BRIZBIT 2T HEDOHEMIZOVWTIE
WAZA-ART? (& TF# B sE b 56 HHE) (X Lo,
BeaeyIalb—Tary— VWOHERERR ST
bo TOMEHEDORIHHAINL 77 AL LT
X, EBENRERETH L EEBSHEERZES (LT
ICRP : International Commission on Radiological Pro-
tection) ZIZ L& LT, HARIZBW TIIEHFZEE
NHARETF DR FERRE (JAEA) 2540 & 2o TE
L7277 bak, —RL—HF—=HWEDOICHH
TELERHFNTETS, LA L, ICRPB LU JAEA
WS L7 7 bAEAR T (LUF voxel) 7 7 >
FATHY, ZO7 7 ha%PHITS® (Particle and
Heavy Ion Transport code System) 2— KR &ED T I =
L—2ary 7 PCHRATAEAIL BROBEIIBW
T—EDHE 7— 5 By — VB L O —EDULHE
NelT 5 EEILELSINS,

CT BEROWIT K EOWELIZOVTIE, BLA2H
THALDTHED ST & 720 19844F121F, KERMESER

fihk oL

(FDA : Food and Drug Administration) 28T,
Mfaleo7 70V 7 7 v Mo &ALz, BfmdOof
HifiE: (CTDI #: Computed tomography dose index)
DR I N,

19964F 12 1%, EBESE 10 B (TAEA : International
Atomic Energy Agency) 28 BSS9 7 (Radiation Protec-
tion and Safety of Radiation Sources : International Ba-
sic Safety Standards) TEEERSHRIIKNY %Az I
HIZBWT, [TAEA 74 52 ALV 2R Sz,
ok &0 IAEA Oz, HEEO 7 7 > b
LZF 7Ly MROTLD 23 AL, IRy at
CT O~ IVF AF v 2 TORHEHLLTOFHRIGH = T
it 24T o 720

20024F D EFEFE AU #E SR (IEC © International Elec-
trotechnical Commission) @ [CT 1Zx}§ % X #ZEwE D
T\ HHEZKIEE] o9, CTDI100c, CTDI
100p, CTDIw, CTDIvol, DLP(Dose Length Product),
% EOREFEFRIR S NIz, EFEDCT #E T,
CTHfED# T, ¥EDI Y — ) |2 CTDIvol
LUDLP DR FIRTEL L) IZHh>Twb, LAl
CTDI 2 & 2 #llsE H ik, BEEECTld16ecm, Z L CTHE
i Ti132em (IAEA 1330cm) DM@ 7 7 > b & D
HHEMETH Y, EREOEBEOHIIHELRL T
WhEWEW) RN D o7z, £2T, L) MEOKwE
DOEIE L MEAFFMIRO 272012, ErTAVvaks:
FA L7z, ImPACT %% CT-EXPO %9 25F FH & v
THlzo TOFRT, INPACTHIIEF7 7~ Mo %k,
WP HLEHBETE5mm AT 4 RAED208A T TIFEL,
NRPB-SR250" ) 7 — & N— A & FH L T AED27D i
WREARODLZENTEDLY -V THDL, LDL,
ImPACT 2 BT % = 5 i OB EEAFE 1E, WOk Ao
Rig AR L L7-HEFHMITH D, BIEO/NSHAEAN
OREICITEKFHIIC 2 5 2 E PR E > TW 2, &
72, WCRADHETHREIE S NPT R, H<F
THEMEN AT BT 28I CHMERHMITH 1), B
LB ZRTI OB I OHEEMEATIE L W EiE % 32
LTWARWI L IHEETA2LENH S,

2. 77> NLDESE EHRE

HOETIE HAEANDETIN & o 72 TFEHE 2 f 5 5 % 4T
9729, HARRTFBRFEER T IM-103 (J1%), JF-103
() ORZELVT 7 PA%BSSL, lEisOMETE
flilcovwTizFh2ho 77 > b o %H L, PHITS
I— FEHWTIT>TwaY, IM-1037 7 ~ + 414,
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B EM17lcm, REA6kg TH Y, F 72 JF-1037 7 ~
b 2 1ZH F155cm, AES2kg TH D, Lo L, WEREZ
g E T HET L -0121E, Th2Zho77 v hak
A% 2T A HRANDEBEOERIL L O 5, fif s
DIEZAT) LENDH b, FEHIE, 21T TIM-103
77 bPABLXOIF-1037 7 v bAak, BERIZBITS
BEERE DT & DFERITK T IR EICOWTHRE L
T&72Y, BAE Web LT CT& 5 WAZA-ARI I3,
IM-10338 L O JF-103%2 fE#AT L LT, o0 LOE
WM ] BLO [RH6E] €77 oz
TER L, N0 DOFHli#EROT—F R—AZHEL T,
CT MAEDHRFESE CHEMT 2 HRAO—FK LKA D
B oligzre Ol 217 -> T b,

1983 MR R AR A BT ZeAT (B O & TR A Fekk
) 2B\ Tlx, Oak Ridge ® MIRD (Medical Internal
Radiation Dosimetry) 77 >~ M4 (F#tigs 7 7 &~
k2 © A mathematical model of a phantom) % HAA
RIINODE R ZT 5729, TOEFFEE L TRCRA X
DINE R HARNZEDLE L7280, Oak Ridge 77 &~ + 4
% —EDM/NETEME L2, EREImoMEIEE L
T, 20084 T, (RE%0. 77055, Liver 0. 836fF,
Lung 0. 916f%, kidney 0.937f%, Spleen 0.752f%, 7z 72
L Pancreas (32. 03 & L7z,

199412 B H ARJEFHFger (BAEO R TF 70T 5EH
ZEHM) OfE 5%, Oak Ridge # o> MIRD 7 7 ~ k
LEMELT, ErFhvayIal—va kbl
B OHEEEZ WD THr -7z LA L, ICRP Publica-
tion 110¥12B W, MIRD 77 ~ b A Tld 7z £, FEK
DNED CT A THE SN W{GT— 7 hOHEHE L 72
Voxel 77 v b axflioZEfii2 o Ex 1) 2 L &
L7ze ZN6D7 7 ¥ b 2IZH MRS AM, RIS
AF XN, AMIZ & E176cm, K ®ET73kg, F 72 AF
X & F163cm, fKE6Okg, ZILZNRCK N DOREHEST 2
ZE\ B I NI,

HAJE TR 7Eh s (JAEA) O, 15513
AM, AF 77 ¥ b 23R E LT, HARANDEERE
kD Voxel 7 7 v b A DOREEEXRAT o 720 2001420 5
HARNBLZOE#ELR D7 7> b 2ok LT, Otoko®
(Saito 2001) B & UF Onago'®, JM-60" 3 & O JF-60"7,
ZLCHBEOERET 7> F A Th S IM-1038 £ O JF-
103%f3E L7z 209 bABEDO 7 7~ b AT,
Otoko (¥ £170cm, fAF65kg), JM-60 (¥ FE171lcm,
{AF65kg), JM-103 (HE17lcm, fAHE6bkg) & K& 7
EHII 2\ LAL, BALMT 7~ b 241d Onago (&
£162cm, AE57kg), JF-60(HE152cm, AE4dkg),

JF-103 (H#E155cm, fA®ES2kg) &2 LL THRTWAH,
WAZA-ARI 12 Z @ T JM-103¥3 X N JF-10397 7
YL EEET N AL LTHERERTYS, 72,
LT — % Tld, JF-60% —EDEET (XY #H M :
1.0764%%, B X O Z@hJrm 0 1.0265) JEAk L TrERK X
N7zOHJF-103TH ), L7z oTM 7 7 > b AEH
WIE B, BIFEIZB W TIE, JAEA TRIZE S L7z,
JF-1037 7 ¥ s 2 H AR ANDIZHARTL L L THW S L
TWwh,

Voxel 77 v b ASHBLT 2 LHEIO7 7 » M A,
FT7 ML THY, —FEMICMIRD 77~ bak
ENT WA, BT 7 > b o, &z el ok
T 5728, Voxel 77 ¥ b AZHA_TEHEKICHT 2 E
FHERBICA L RY, Y Ialb—Y g VEROFEHEE
DEHALHEETH D, L L, RHNOlEEROMEIZD
W, EBOAMRICBUTLREBEL IZR2> TV, L
ML, #FE7 7 2 b AIE X BOBEHEROREEIZE W
THHEYE <, BB X 0N T il =10 8 25 H ik
WEDTHD, LIizhoT, BEHRHGOARL S
L C &L B4 B2 B AR OREEEIZFAR IR
IBTEBEEZONL, 22T, AW TIE IM-103,
JF-1037 7 ¥ F A B L OHAANEAB O CT B (H
RIS DOHRERD S, Z Olfgs KR & O & AR
RS, TOT—FRERLTHEETY 7~ N 2o %E
FEd L7z

3. A&

AWFFEIZ BV TIEEIR L 72 & 9 12 JM-103, JF-103%
HARNDOBHREMARR L LT, 2L ) EEHI K - 15kg »
b +20kg EOHM T, ERLAHBLFEGHES
FUREERE ORGVR BT TS 13998 #) THiAE 247 -
72BEO, BEA LS CT MATEE 2 515 6 7K F
7 =% (FHEIA, ZHION) ZHWTHT L7z, (K
WFZEI2 B\ TI R RAZE#ER A KA L 4% R
KROKBEZT 20 2D 629 HEFH 2011.10. 20)

HIIOFHA A %L, BEOKRBIEHIEREZ A/ L7 CT
WK 7 2 V2EHy 7 s O, Image] (National Insti-
tute of Mental Health, Bethesda, Maryland, USA.) % H
WTATo 720 WY, REWICHKRBE T — 2 %
PHITS 21— FH (Ver.3.24) &7 — # UL L 72,

KR opEEEE LT &K (Height), &k &

(Weight), AP E (K1) (Perimeter), BMI, AP &
(C-AP, A-AP), LAT E (C-LAT, A-LAT), A %)
HEY (K2) (Effective diameter : CED, AED) 7 &
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DEEHIZOWTEHIZ T 720

B AZPHITS = — F O KRR M E# R & FH v T, fili

(Lung), -G (Heart), BFl& (Liver), JH® 9 (Gall-
bladder), ¥ (Stomach), 3 \» & (Pancreas), & M

(Kidney), M f& (Spleen), B Bt (Bladder), ¥ &

(Uterus) (KHEDH) Oliz#AfE %z llE L, JM-1038
SO JF-1030 7 — % L Ibws L7z,

WIS, BEIUE, T4 ROBREEOA T 4 AT &
DIEZREFED 7 — % % EHA L, S EOFHI AT -
7o BEZRATEOIRE L LT, MEB LD S B,
fifi, Ok, BFHE, B, BHo, M Tk, B F
O ERE, ENENOIBEOMBLT A MED S EEEO
25— MiEE (S) &L, TEZ2ZYF (BE) &
LTRD7z,

H#IZ, IM-103DKEL 7 — & 20 S 25 B £ OV
WOMEZ KM L7MRD7 7 >~ hAZHEHEL,
PHITS 2 — F (Ver.3.24) 2 £ v, JM-103& MIRD
77 Y bAZNZENOME (G LI UFE) 12x
LTCyIal—yayilisfanltEgsito7,

X1 REEE (Perimeter) | FEDSIEOE &

a8
_/

ke Effective diameter —

2 FEOEHEOME | HXNEFR (ED) =VAP x LAT

fihk oL

4. BWREIUVEE

1) AHEEHAIKESR

IM-103, JF-1037 7 ¥ b+ & B X OEER {572 5 R
L7277 v b A ORBEIOFHIRERIL, R1BIUEZ2D
EBYVTHL, HEANDPW AT E LTESNT:
IM=1037 7 ¥ b &, HEM17lcm, fAEH65kg TH
N, F7:JF-1031%, HEH155cm, AHEH52kg TH -
7oo F72, HHLEREGOT— 138K, KE, F
B LU, FNENZIEREOMKR (Volume) @ FHIAE
RrRLTWwW5b, 7, C-AP, C-LAT, C-Perimeter

(C—Per), CED #2817 5 AP, LAT &, Pe-
rimeter (EPAER), ARELE (ED) OHERTH D,
A-AP, A-LAT, A-Perimeter (A-Per), AED IZJE#}
IZBT2ENZNOFHIERTH S, [Ave: Average |
EHEEHOFYEEZR L TV D, g (%) &, M-
1038 £ O JF-1030EH#AHIZ K3 2, BERE{§ET— 5 O
FHOBEEZFRL T b,

ATAAZ L ORI D T — & OfER» 5, Hikll
LOFTIMERE RS, W4 %EFRATR L2 WL
FOMEL Omm & LT, B THOAME% Bladder ©
E&LTEL, BETmE L7

IM-103, JF-10300j 7 7 > b & B X O BEIRE{E T —
FEd, BATA ADOREMBIZ4mm TH b, &0
F0%[S] &L, M&E#TOMEL [E] & L2 (&
3, £4d)o TOEEIM-1037 7 ¥ b 21, KoER i
MO T E TOREEH568mm Th 5 Z & A5
2oz E2MERIC, JF-1037 7 ¥ b & Tld548mm
TdHolzo WRERT — % OFMEIT T EAB17Tmm T,
A4S MM TH - 720 F 72, BE LiE 0 S 58T i

(M - E) g cofiz L (mm) & LT, &E (cm)
Z W L 72l (Hight/L) 2 £OAWIZR L7z, B JM-
10303, 0lZxF L CHEIRMI{5132.9+0. 1 TH - 720 F 77,
ML, JF-10302.812%F L C3.6+0.1Td » 725 SD
TEEIR R T — & OB#E[FZETH Y, RER (%) &
JM-1038 & O JF-103DHIEMEIZ A A iREz (%) %
FLTD, WEELAED S B TG E CONRERONMIEIC
BILEAD 7T 723 BLOK4 IR LT,



HARNEAB ZOGR ZHT 5 NET 7 > b L OBGE 31
®1 BEMT77> bLOFREEHAER
[cm]
HH IM103 @® @ ©) @ ® ® @ ©) @ Ave  B|E%
Height 171 172 163 170 158 174 160 170 172 172 163 170 168 1.8
Weight 65 55 55 60 64 66 67 75 78 90 64 80 69 5.8
BMI 222 185 207 207 256 217 262 259 263 304 241 277 24 75
Lung 5240 | 4894 4838 5032 3839 5480 4291 4858 4848 5058 3382 2441 4451 177
Heart 896 755 823 752 728 659 758 1013 1085 937 1132 718 85I 53
Liver 1240 | 1487 1513 1423 1584 1380 1086 1343 1529 1887 1110 1530 1443  -14.1
Gallbladder 16 22 20 10 39 19 55 26 10 32 34 19 26 -385
Stomach 118 175 158 65 223 183 172 122 221 191 127 123 160  -263
Pancreas 113 98 57 40 89 64 78 58 99 79 59 41 69 63.8
Kidney 252 343 351 333 310 320 323 306 313 306 260 369 321  -215
Spleen 132 142 199 128 109 144 109 71 200 121 130 237 145 9.0
Bladder 36.9 75 48 40 46 49 58 37 44 66 55 40 51 276
C-AP 22.1 202 201 206 2201 213 233 262 239 26 23 23 27 26
Chest C-LAT 333 | 298 328 323 328 335 322 361 358 349 314 349 333 0
(cm) C-Per 93.7 81 86.8 869 895 876 899 101 963 985 90 937 910 3.0
CED 27.1 245 257 258 269 267 274 308 293 301 269 283 275  -15
A-AP 215 181 208 20 223 212 255 268 25 262 228 256 231 <69
Abdomen A-LAT 307 | 253 312 312 303 304 321 332 34 342 31 33 314 22
(em) A-Per 83.8 | 702 848 844 849 826 916 975 965 977 893 929 884  -52
AED 257 | 214 255 25 26 254 286 298 292 299 266 291 270  -48
w2 TWHET7 2 MLOFREHAER
(cm]
EHE JF13 | @ @ ® @ ® ® @ ©) Ave  BRE%
Height 155 155 155 155 155 158 162 166 152 152 170 158 -1.9
Weight 52 39 70 70 56 51 51 54 74 75 53 59 -135
BMI 216 | 162 291 291 233 204 19.4 19.6 32.0 325 183 24 -11.1
Lung 4932 | 3567 3470 2981 3720 3594.6 5106.0 3570.0 4119.0 36364 3601.6 3737 242
Heart 725 | 612 664 708 7852 7264 8250 853.6 7047 719.1  798.9 740 2.1
Liver 1123 | 1141 1249 1058 1255 10123 1240.6 962.7 11360 23725 1111.0 1254 -11.7
Gallbladder 6.7 1.7 20 398 292  16.0 18.2 11.0 29.1 34.4 10.8 22 2284
Stomach 119.4 | 445 1050 130 141.8 510 1464 1325 1496 1508 100.1 115 3.7
Pancreas 1068 | 255 152 427 505 382 49.6 36.8 58.4 61.7 39.7 42 60.7
Kidney 237.8 | 258 2834 344 305 2770 251.0 2430 3386 4872 2415 303 274
Spleen 61.6 | 41.6 855 141.7 81.1 435 91.0 1297 1570 2982  83.1 115 -86.7
Bladder 222 | 387 429 554 889 496 40.5 65.1 72.5 32.7 25.7 51 -129.7
Uterus 522 | 502 531 721 381 465 65.1 101.8 719 1573 466 70 341
C-AP 22 185 242 239 212 209 19.9 18.8 26.3 27.1 18.1  21.89 0.5
Chest C-LAT 29.9 24 34 356 316 327 313 319 33 37.4 303 3218 7.6
C-Per 91.1 | 71.1 943 989 867 885 87 84.2 96.4 107 79.8 8939 1.9
CED 257 | 21.1 287 292 259 261 25 24.5 29.5 31.8 234 2652 -32
A-AP 187 | 153 255 253 208  20.1 183 19.3 26.4 27.9 17.8  21.67 -159
Abdomen  A-LAT 252 | 245 328 326 302 29 30 27 33.9 33 26,6 29.96 -18.9
A-Per 734 | 663 935 962 829 844 81.6 76.7 96 98.6 72.8 849  -16.7
AED 21.8 | 197 289 29.1 25 24.1 23.4 22.8 29.9 303 21.8 255  -17.0




32 B B i Bl
x3 IMI03& L VERIRER T — 2 DR EDEHAIKER
Organ position
[mm]
Height Lung Heart Liver Stomach Gallbladder Spleen Pancreas Kidney Bladder
Hight/L
cm S E S E S E S E S E S E S E S E S
M 171 4 288 52 228 212 372 244 380 288 316 256 340 280 364 280 392 528 568 3.0
1 172 5 290 100 245 230 400 255 355 315 380 250 325 300 385 280 425 550 625 2.8
2 163 10 265 90 240 220 375 240 340 255 305 240 330 285 305 275 390 515 555 29
3 170 5 275 110 245 225 385 245 315 290 305 240 285 270 335 280 405 545 565 3.0
4 158 255 90 200 195 345 215 280 260 310 220 290 255 305 275 375 505 540 2.9
5 174 10 285 90 240 225 385 250 335 315 345 255 310 285 335 305 405 550 595 29
6 160 5 270 80 210 185 320 220 260 250 305 240 305 255 300 265 370 500 530 3.0
7 170 10 265 85 210 190 335 220 275 250 265 210 260 250 300 250 365 510 545 3.1
8 172 5 255 80 235 195 325 235 280 265 300 240 330 285 320 300 390 530 565 3.0
9 172 5 285 100 235 205 365 250 315 280 320 250 320 295 325 290 415 535 590 29
10 163 5 250 80 210 160 285 210 250 215 245 210 285 250 280 275 365 515 550 3.0
11 170 5 230 75 185 160 335 200 270 240 260 200 285 250 280 250 370 555 585 29
Avg 168 6.4 266 89 223 199 350 231 298 267 304 232 302 271 315 277 389 528 517 29
SD 5.6 2.3 182 14.8 199 239 336 182 414 300 367 193 244 189 317 168 204 191 1457 0.1
BE% 2.0 -59.1 7.7 -71.3 2.1 6.1 5.8 5.4 21.7 7.4 39 9.3 11.1 32 133 1.1 0.9 0 9.1
[S] BHEEABENDZ 2- b, [El BEHFMENIET 2717,
x4 JF1036 S URRKRER T — 2 DR UEDFHARER
Organ position [mm)]
Heicht Lung Heart Liver Stomach Gallbladder Spleen Pancreas Kidney Uterus Bladder Hight/L
e E s E s E S E S E S E s E_ S E_ S E_ S __E
JF 155 4 276 40 228 216 372 236 444 312 336 260 320 300 384 268 372 504 572 508 548 2.8
1 158 4 19 56 156 132 240 168 196 192 204 188 240 204 240 188 284 376 416 416 432 3.7
2 152 4 200 64 156 148 256 168 240 216 248 164 228 196 232 200 300 368 428 384 428 3.6
3 162 4 224 60 196 184 300 200 288 268 296 200 232 228 272 228 316 396 452 436 456 3.6
4 166 4 216 60 184 172 280 184 264 236 252 180 236 212 252 200 312 408 452 420 464 3.6
Avg 160 4 209 60 173 159 269 180 247 228 250 183 234 210 249 204 303 387 437 414 445 3.6
ST 6.0 0 132 33 202 234 264 153 392 322 376 151 52 137 174 17 144 183 18 218 177 0.1
BRE» -2.9 0 243 -50.0 24.1 264 27.7 237 444 26.9 256  29.6 269 30.0 35.2 239 18.5 232 23.6 18.5 18.8
[S] BERRAEN R % — b, [E]l BERUBEBNKRT 277,
30000 - )
JM103 —— Liver 30000 JF103 Liver
25000 - — e Stomach
Stomach 25000 4
Heart Heart
p ] L
20000 Lung 20000 4 e
——— Kldney e Kidney
15000 Spleen 15000 4 Spleen
Pancreas Pancreas
10000 - Gallbladder 10000 4 Gallbladder
Bladder Bladder
5000 4 5000 - Uterus
0 4 ! —_ 04 i —
TPENIRERBICRRIERELSSES TOEl8ITSH8RNESSECIRES
PR L JRE o e
3 IM-103DBEBAEY 7 M4 JF-103DBEBAEY 57
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2) RO

HANBWEEAR D7 7 > b A THD IM-10313 &
FEA7lem (A 2%65kg Th bo ZILITH LT, 4 MHEFEN
L - B o ERE %7 — 7 10RO & EOFI9E
H3168cm K EA68kg THh > 720 T 72 M D FEHEARRL T
& % JF-1030D & £155cm K HE52kg 124 LT, LD
PRI {57 — % 10fk O FI5ME 1% & £ A7158cm K FE A%59kg
THo70

BYED HE12150cm A 5170cm O [ T4 L, AE
1355kg 7> & it K90kg £35kg D E NS H - 720 T 72,
BMI (Z & /MEANI8E L TR ARMEA30TH > 720 T2
Mo¥a1E, HEi, 152cm 2> 5170cm ¥ T4 L,
R E 1338kg 7° 570kg T T32kg DEN B o 720 LD
BMI 131/ MEAL6. 2, i KAEAH32. 5TH - 725

e DR DOEHERR L ORI, BUIERAD
5.3% CUfig) THwRKAIZ63.8% () THh o7z &k
LT B (17.7%), JGlE (5.3%), $wE (63.8%)
PO 23 LR G 7 — & SR E o tze T2, Wik
DA DREAEFIIR/AN2. 1% (UIK) THRAH228. 4%

(B> ) Thoteo kL LT, Ml (24.2%), T
i (60.7%), H (3.7%) LStz LR mE G T — 4
WRED ST,

ik (Chest) 3 & OFE#E (Abdomen) @ AP £, LAT
£, Perimeter (FIHE), A#EE (ED) OiREICD
W, BUOKREILORERIT£3. 0% T THo 72,
F B CIE TR TOEBICB VT, FREET—
FHRREL LY, BERI-TUUTFTTHo7zo WD
MoEReEIs DRI C-LAT 25 -7.6% T, flld=4.0%LL
TThotzo LAL, BEHMEHTIEITNTOHBIZBW
TREREME T — # 25KR & <, BAEEL - 15% 05 —19%
DOFFHTH o 720

faEh Eiga s, BE TR E CoESIHTLH5ENIL
FIZOWT, BUHOYA T IM-103D3. 012xF L T K
W% — % OFYHEIZ2.9TH Y, ThIFERERET
Botze L, WHOYEIL JF-10302. 812X T
RS T — 5 O E L DOREDOFEYHEHSE.6+0. 1
L 0.TEREREDND -T2

INSDFEE,S, IM-1037 7 b &SI E R
gL, HRABEOBIKREGRT — 5 & OEIIFFAHH
ThrheEz2o5N/. LL, JF-1037 7 ~ b 413
TLBEIZBWTH Y TVEDS AROFIGETIEH % 75,
HARANLZHOFIGHEEIRKRELL B o Tz, T2, B
N OFFE B L OEEES O AP B LAT R, £
L CHEBED FERICR20%RE NS L o Tz,

3) BAADGFEAD MIRD 77 > b LDEIE

194E I S ER L7z, HHWEFE 77> b o
(LLFMIRD 77~ b &) 251278 L72o MIRD 7 7
b A, Wk N REEATIO I R174cm (R ET0kg D
REITH B, M6DT7 7 bald, HARADEELKE D
IM-1037 7 & R 2 2B L7277~ b AT, EhiEk
FL, MoBEREB L UOKHEZOWE (material) 77— %
*BE I L7z,

72, JM-1038 £ O JF-1030 KKl % PHITS 2 — F
WX DR L2227, K8IZ/R L7z MIRD 7 7
Y2 HEED1T4em TEEHOE E1370cm TH I,
THFHAO7 77 F 4T, BRAISEWEII A4 LT
be TOT 7Y M AEHARNBHEOEEAKRNI LTS
202, Mok R, B X0 - BEH o LAT E %40
em 2 530em ICZEH L7z, SHICHOREL L, %
et DML 7 — % % IM-103Dfifi, O, FFiE o122
B L7z fio k12 MIRD 7 7 & b & @3, 364cm®> &
4 571ecm*NEH L7z, $72, DD B X OO 4 5%
#790cm?®, IO EAE#1, 250em®ICZH L 7z, ZH L
7277 Y MAERGICR L 2OT7 72 M AERLT
JM-MIRD 77 » P A LIRS L L35,

4) B I -3 KR

IM-103& JM-103D R ELZ 58 L 72 MIRD 7 7 ~ &
LERHE L CPHITS 2— NIZLhiEY I 2L — 3
CEAT o770 F9IE JM-MIDR 7 7 ~ b A DWER - O
EIZHGT L7z & S OMESATH S, £72, 10X
U< HEE (FFE) (cHREF L7z ZOBESAHIXNTH 5,
11K O121% JM-103D g 3 & OIS L 72 &
EDOZTNZTNHEGAKTH S, £512]M-1037 7 ~
F2AEIM-MIRD 7 7 ~ F 2O ERE > I 2L —
TarOfEREIRLT,

MIRD 7 7 ¥ N AHEZBRE SN OIRIFOWE T — ¥
&, Bifi (Lung) & BkEBHLAR (Soft tissue) B & UVE#% (Skel-
ton) D=2 TH o7z, TNEFNEE (g/cm?) 1, 0.296

(Bf), 1.04 (BREBHAL), 1.4 (BHE) Thole Fh
WZRFL T, IM-1031E TR T OB DM AW E 77— ¥

(material) & LTHELCHY, a— FEMHHATLE
Z7a 7T A RICREBLTERT %2, RIFETIEERS D
fifi (0.26), -Ci& (1.05), AFf& (1.05) @ X912, M-
1030 E 57— % % JM-MIRD (2 #H L 720 JM-MIRD
77 v b AOEREFEL WTReRRY IM-1037 7 ¥ b
AOEINEN T 5 X 9 IR L 72, PHITS 2 — K2
LAMEY I ab—Ta YHERIE, FREROLIEO F
R & FFIR O H LRI T RS L 72 L S OfMETH S,
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7 JM-1030 R EB D fiEiZE

FERIL, RO E I XFSOME L 2o 7205, i & Ol
DPENTFRENRKE P> 720 TNE, IM-10312 1R T
JM-MIRD Dfili OhFE D58, MO IR T 5 b
D EIGE L 72\,

HARANDEH#AR L T JM-1038 £ OF JF-103D 7 7
Y PAMJAEA L X D #ES e 209 H JM-103
77 ¥ b ARG T — 7 & B L AR, gk
B L OBEBROMBESIZIZHE LW L 2R L. L

fihk oL

o
| LI R L [ |

X6 JM-MIRD 77> kLA

8 JF-103M S &R DB zE

L, JF-1037 7 ¥ b 2 I PEF I O 4 A5, AL
VEORRRBER T — % OF3 & I L TRHEE, ee/hdn
CEDNBHOENI 0T Te T2, BEEROMEIZOW
THHETELZ > Tz, THRIZOWTIE, HENRON
R 7 — & O > FIVEEHER LT, M2 E OMEE
S AN AN

Voxel 7 7 b 23 EFEHICIEER 12 B 28X D
AWM T 2HEXEMTH Y, SHRAAT 2SI
MLTL AL THD, LrL, BEHREES
Wse T\ BT B ORI R SV 286
&, BRFIZT 7 2 b ARBLET DA SN R AT
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9 MIDR 77> bAICH T 5 EERBIHORES

10 MIDR 77 > k AC 5 \F 3 IEESEH DB E A%

11 JM-1037 7 > MLIZH T B3 SBA DIFE D T

12 JM-1037 7> MLIZH T 3 IESBAHOIEE S T

&5 IM1BBELVIM-MIRD DIFEY I 2L —> 3 VR

JM-103 7 7 > kA

JM-MIRD 7 7 & | A

- IRAREE L DRas AR RS S | SN i B DRAERY
g/cm® cm’ uGy/mAS cm? uGy/mAS
fiti(Lungs) 0.260 4,205 13.7 4,571 10.2 25.5
D figi(Heart) 1.05 753 13.9 790 19.2 -38.1
it fg(Liver) 1.05 1,385 15.1 1,250 14.6 3.3

Hbo

K7 Tld, JM-MIRD O X 9 287 7~ b A3 %
SV ZE D RFE R IEZR OB DOLEE, Wb L ER D%
HHRILRAEGIHEETCE L2 EDRHL PR o7, &
72, WITHEEOHED Voxel 77 v A L I#EL C,
KEBEN BN EEFMHRT LI LN TEI,
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Research on Design and Fluid Analysis Evaluation of Foldable Tubular Pipes
— Development of Disposable Tube for Ventilator Using Origami Engineering —

Hiroshi DOHI*, Atsushi HARADA*?

*Department of Health Sciences, School of Health Sciences, Nippon Bunri University
*2Department of Mechanical and Electrical Engineering,

School of Engineering, Nippon Bunri University

Abstract

During the onset of the novel coronavirus pandemic in 2020, there was a surge in the use of
disposable medical devices. This led to an increased demand for disposable tubing, particularly in
the context of ventilator utilization. Given that there was no readily storable disposable tubing
available, we turned to origami engineering to create a foldable design, anticipating future needs.
To ensure the tubing would not become blocked due to twisting when folded, we designed it with
a flat layout that incorporated two isosceles triangles for the folds. We experimented with three
different folding angles based on the bottom angle of the triangles : 45°/20°, 35°/15°, and 30°/
12°. Subsequent testing focused on the foldability of these designs and the efficiency of the flow
channel, which we evaluated using computational fluid dynamics (CFD). Our findings revealed
that the tubing designed with the 35°/15° folding angles provided an optimal balance between

foldability and flow channel performance.

F—7— N NLFz2:, 1) R LC5, A L%:, CFD (Computational Fluid Dynamics)
Keywords : ventilator, origami engineering, Fluid engineering,
CFD (Computational Fluid Dynamics)
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1. EC®IC

20194121, W EIHAEE BT CEEAHOM 455%
L, F31H, 4ADEGH WHO (World Health Or-
ganization, WRREREE) 2oME SNz, TIN50
BEOL RS T-BRANEY R Y (e
T LHEDSRH T2 NS, MEIOFW LS DI
Pepskebar, 20204E1 A 1 H, ZomBEmsEsni,
[ 7 BIZIZPEOMZESEIC X0, ARIEGE DI E D55
BoaaF oA NVATHASZ ENRESN, 12HI2EY
ANV ADEBE TR S A6, “2019-nCoV™ &IFR S
Nz RETEFEZ23H, T4 2 fi el e gkl S0
SR O TEAT & (Z IR B E & BIMG L 7oA, BREK
oML E 59, F30H, WHO AR [EEAIC
BEeINLAREAELEOBREZSERE] (Public Health
Emergency of International Concern : PHEIC) {25%24 3
LHEES L7 2HIIH, WHO IZAREW% “COVID -
19" g LYy HATIZ20204E3 B LAz, Ei
HIZ BV CTHEIFSAEDHRE S, BB BT A
L, 40 R =2 L LIoRERTITE o T2,

CZOLHThT g HIZEOMIZ, Fflaa) s A
VAT & B BYSEATEFAICHAT L, ENIZB VT H K
G\ EAEM RO BEDHINL Twoiz, EEMZR
FHOWBBIIH LT, NLIFFRERSL A — g 70—
(B JE P B 7 30 — 60L/min DFRFEZELIRE T A %
B59 %) % EOEFRBEEEDS MEOBERFILZ S ET 572
O, BHAICHHENE Z LIl o720 2O NI
T A%E, BE—-NZLEDED BTSN, I
[ & XN B85 HE /i L CHEBICT ALY AT NT
Who lE, MREEIIETTEN T T ATy 7 TIEB L
TRY, #1 - 2 BMEREOREERILET L CHAMT
BHDONS. AFEDE P T Lol B0
WA IVATHLHB IS A VARG L7 BB
f UCHER SN ARSI, EEEZSRT A L7 Edex Bk
TLBES, AR (74 AR=¥ 7)) HEHIT
Hbo TLMHEINLIBEOESIL, WIKIZBW Tk
FoBBEENEGD, STSERYLTMCHEHATE S
L) B R EREIATRD ST, HEMEF o s
5, HATO3 >3 M) BA THHADSTTRER DO
otk KOONIL—FHT, DX %bOIEBIE &
ASNTwZwv, ITEMNGHEETITDEDL0D L)
ZEIEE LS, BESETIE, ATV MRAT Y
N7Z 7 M REIZELNT WS, MFETTRERBLE L, I
WHEom ESHFEE N 2 s, NLIFRIEE BE%x

JRH el

BOWEICHES T, NS 2BE»S/HAL, WETIZ
RS 2 BB~ OISHP RS NS,

2. MREnN

AREFzeCIix, [EfTRE] & [ Et] v B
Mo, HROEERL Y EbAEHIIT Y EIIFEHL, 2
DM EEERETOT AT 7 E LTHHT L L 2%
T 5o AWIZED HIX, METEERRE (DUF, F10#K
B wEEIL, Wil E L CERAMOBWERE BT
HZETHb, SN ANTITHERTHAT S Z & 2%
L, iV EDD LI, ke LTENEROL R, 3
DIEREEET S (K1), flkE L COEBRNRNL
DOFMIZBAE A% (CFD) % HwTiTv, B O
JRIE, FrEFENIREECTIE 2 <R L 72 4R7E % 570
LTwb,

1. #rh) EAXERERDHET

3. ERXE

3—1 IRV HEDE

HATHE L2247 0 #kiE, 1 Mok zh-> THIOX
SWEAET DL DTH D, EMIBEOR VI KT
EHDHH, SGRF0OIMIBFE LB &, FHKL
FANEREL, WMERFTOT A4 77 & L TI9954F 12
JAXAD4TH B3 o 93 BIRBEE/ SR VO R
BIRHEHED A XY /8% — U i B CEALEN TV A,
AR TR VB OKET) T TELGE, B
WEGEDAY — N THY), MWRETLVAEOHEOH S
FUCIEH L7223E, Z0M0EY) ofEORHAE60° £ b
INEVHERKE VWSS, BRKEICHEBSELR ) 234
CLTLEH. 20720, 1HOKTIELN LKL, £
DERMMDD H WP 5 1T, JHH OMEDOHINEB60° T 5L
T b, DL BEMEL, i IR
BT AE 72 BRI LRI & MHIE N 5o WRINIIIEMEEZ D
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BEAETREENLHMETO 1 DT, EOHEIIBNTLH
T AMESPETTH D &) FAH 57,

3—2 fEAXERERD 2 K TRRAE

BELFRIE, YANITHY), —ARb%it) &l
Zw LTwaH X ) IR L%, WET ) IIATRETSH
b0 KLBIHT L P BEAORPICI) BOMEHIHE
BLT, MEPLIPNDL L) ITEE LTS, Th®
ATV YNGR H FOERGHBES OB TES L, HiE
BT A= LTIEHwWLRTY, ThH & 25K
BSELL) A= ALELTIE, #HTALILEHRT
EnDe F7 ) MEA E H B I, TR E
BIM S ) #ifgE] & XEND ErSEN e 5 L
L7200 B INLEAMEWIHFRLELTVDH. L
ML, CORMEEDITYEINDL L, WEIK 2
DRHZERMRICZR 2 2 L RETH ), NLHEE R &0
EHARE & L CIERTE 2\,

Z 2 TR TH W 2 PR MIE, =82 6%
L7l 7V e ZZ I ) AR T S 2 ZE L 72M
2 LA BITR TSI D 2 DDA & R0 AEN =
B klaabE 7z BEXZERL 720

9].
— T 92 S

M2. ZRuTRRER () BEE)

3. ZATRER (2171)

INBlE, TERESLHETEREE 2K IAT2A 5 &
9, CADV 7 FERHWTIER L7z BIHIEIRIZBWT
i, BUMERMYETHT, [ EARLT S & [FiK
OMAN TS| #FELT, AAKE L K4 (a)
2R, IR L=30mm, & & H=27mm, ff 0=
45deg, 02=20deg 2B A A4 7T 1D MERK & L,
FoMOESIER—& Lz L TAaEEREbsE7, AF
01=235deg, 02=15deg (X (b)), A 01 =30deg, 02
=12deg (M (c)) O=FEFOEK T BEL THREL 1L
L7,

.y
e N
p ~
= b '
1
= .
~ ' >
-
~T-

T 2&R’ (35deg - 15deg)

@
| |
|
g
Aﬁii::lk N
(c) #41 73%ER, (30deg - 12deg)
X4. BRIk

3—3 IEEROEE

3 - 2HEICIER L2 BBE, LhBADIZ wIE
M A HCTHT ) M I & B L 720 RVRT D 4K % ERE O
METLEMIGHT 27201213, EAzUHS 5 05
b b FIREROMEE L THAT 2 EEKOMKIE
%, —fka ¥ —#Kn0.08mm 5, 0.18mm ~ZEH L 72
CEIZEY, MIILDLPANIILK K holee TD—F
T, MOBEADPE L2128, $EL2 W7 24
JCTEBEOEWITY BAERTE W EAVHBHL
Too JERDBEL 72K ET D720, HyTa <y
EAVMITRRE LCTHY, BMUCIT) B2EHbE 52 L
T, ) BREEORWEROEELZToT\Wwb, 7
JOFFEL, KICTWYAREANSL Z ETH D HEME
h, oI Y B E120. lmm OFE S THANINL L 720
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CHUCE D IEMEICIT D B 2 LW REE 22 ), T K%
BoLZ R, KDLV EL I LRI L
720
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5. i) &HDIRIE

®1. ) EHDIFLER

FORER HVES It ERRMTE R
2471 Bt 1/10 433 mm?
2A T2 Baf 1/9 452 mm?
2A473 %% 1/7 915 mm?

P EADMFEIZOWTERIDE ) IZF LDz, ¥4
T1EF A4 721D BEARLT S EIMMEICERLTS
D, 4730 HIZIH-> TH D ED TV RV 2oL
EDPET L7z 2o ) BRI TOERIL, #1h
HoO S0 = MO R AR =MEOIT ) MO Tk
BN o2 L TEBMIEELZ K& (TEADS, T
DHE LT LS X282k, Y EHOELLE
AT CEADHE L, DAL L2 E 2 BN b,

4. BERGNFEERAVZERNRNOBEGER
AEFFEIZ BV THEH L7223 ) MAEEIZ BT 5 HARE 2

FREOMEREB LU, BRNRNLOEEE 2 WA 72012,
YIalb—Ta vIZL DT EE L 7o, ATy 7 b

JRH el

&, MSC Software o Cradle CFD % M\ 7z, f#AT
&, FEEFEIRITHENZHNTBY, GBLET VI
RANS (Reynolds-Averaged Navier-Stokes equations :

LA VAFEETIV) O SST k-w €7 IV % 7z,

CoETIVIE, BHRN L ELRE TV ke T
WV EET DMARLRFIEE % 1 ) B o€ 7 AL
MV k-w ETVORETZEHLELDETNTH Y, K
FRTIZIC L A 2V ABGEIS A ) 2 & h, ZOFETE

TV E Rz F AT ST & 7 B VR I IR AT
FEIRZER L L, IEEHEImNLE Lze TS A TRIRRETE
WZLFER Ay v ald, 30/TORIANRI LAy T2 (1
6) e L, > 7 » 70, 018 T1000% 1 7 )V
R L7z MO 271”7

M6. KUANRIIAY D2

7. Cradle CFD % Hu\ =T DARF

SHHEOP ) MER L BEOMN TV WEERE I
LT 2 AT o 700 B O E S13450mm, EAFR T
TEO LT EH» 547Tmm & L7z F72 CFD z= 3l (i
TAFEER) (2K TIT ) 72012, 1) MR ET R 0w
AFRE i %, BRI L CEBER T 4
CERCEIER LRI R ET L0,

AN 78 i, 0. 2m/s, 0.5m/s, 0.8m/s D ZE4,
EWMASHE, FEWMOL 2T R L7z, ZORRE%E
F2LH8IIRT,
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x2. HERAFENFE (CFD) I[CL2EBRMEMBNENZE

=0 235 2471 2472 ZA73
MfEE 45deg-20deg 35deg-15deg  30deg-12deg
{ﬁ)ﬁ (d=47mm, (dy=47mm, (dy=47mm, (dy=47mm,
m/s L=450mm) L=450mm) L=450mm) L=450mm)
0.10 Pa 0.70 Pa 0.41 Pa 0.28 Pa
0.2
(Re=630) (Re=300) (Re=330) (Re=400)
0.35 Pa 4.60 Pa 2.00 Pa 1.32 Pa
0.5
(Re=1600) (Re=760) (Re=830) (Re=1000)
0.67 Pa 10.20 Pa 5.40 Pa 3.50 Pa
0.8
(Re=2500)  (Re=1230) (Re=1330) (Re=1600)
12.00
10.00
g
— 8.00
K
I 6.00
R
H 4.00
2.00
0.00

JIR0.2 JIR0.5 0.8

[m/s]

—a— XA 71_45-20 —O0— XA 723515

—m— XA 7'3_30-12 cekees LEFIMEE

M. #rv)#ER & EBAMEEDENZELR

5. 47V BAXRBREBONEE & LT O

S M EE B O iE% 1L, CFD Ok 5
0. 10Pa (0.2m/s), 0.35Pa (0.5m/s), 0.67Pa (0.8m/s)
Tholze TOMIT—MRENELOERN DS FHH
SNLHEEIFIZR—TH 5,

AN NN 25 % F Ve 2 354 o580, 2m/s 12 B
LI S8 &3 ) S Ao E DL % T L
s, WEHMGEE OFEIER0 1Palc LT, #4
71 OEJIHERIF0. 7Pa TH Y, WEHAMFEED 7 /0
JEDEETH o720 ¥4 7 2DFFHEII30.41Pa & 7%
D, HEAMEED 4EOENRETH -7 51473
130.28Pa & 2 0, HEAMGEEO3FEOLEIELT
Holz,

B N TR 28 % Vv 2 356 O it #0. 5m/s 12 B 1T
LI S &3 ) S Ao E DL % L
T8t WEAMGEEOEIIEE0. 3BPalcxf LT, ¥
471 OFEJEEIZ4.6PaTH Y, LEAMGEE D136

DEIHRETH 720 ¥4 7 2132.0Pa THtEBH M &
D6REDOENHITH 5720 ¥ 4 7 31d1.32Pa TIL#X
FAHEED AFOIENIEETH - 72,

NI 2% V72BN T, EimEiRa & £
T 5 E OFHE0. Sm/s (2B A A EE L3 ) #&
ER=MEOIE L Z I L2 E, HEBEAMEE O
FEJI$82:0.67Pa 12/ LT, # 4 71 OE I S1310. 2
PaTh b, WHAMNEEDIKEOENEITH > 72,
¥ A 72135 4Pa THEAMGEE O KDL IHL T
Holze ¥ A7 3133.5Pa T HAMGEE D5 RBEDOET
BETH-7,

B AT HE %0, 2m/s 7 50. 5m/s, 0. 8m/s 1
mEEs13E, ENHEREIREL LT E0bI5, 2
U Darcy-Weisbach @ &k v, i 2 5126 L T
JESHRED IR T A 2 & ic—8 L Tw5b,

N LI 25 D — i 72 i w0, 5m/s D& T2 T, 3
NAEOIE IR Z R L7258, ¥4 71 OEJIE
R34, 6Pa THLDIZHF LT, ¥4 72 TIXENIEEDS
2.0Pa &) ¥4 7 LIZHARTH@ LIz £/ 1473
TIE1.32Pa £ TE HIZENEEDMET L7zs AN
& DENIEED0.35Pa THH I L2 EZ L LA T
3, PATLICHRTRECHKEFEL TSI END
Moz,

SR, D BAXFIRE R =EE O T3ELE,
HERAMGEED 3FBErOIBEREORE RETH L, &
BicBWT, ZOEIKRENZ EIIHENKT T2 &

BEHRLTWD,

CNSENHEEDOFERFIE, T EATERT L
DI ST 2 ERIER O &, 1) Bick > Tk
CAMNYORICELLMICLA2BENRHREEZEZ BN
%o

6. £&O

BAlsik 15 (CFD) ofiR &), #1473 (30deg -
12deg, ERSWTIEIFEO15mm?) A%, Fh 1) MBI =FEHE T,
WOETEDNS KR, MERERESENL WS 2 LT
SN L LZFO—FT, 74731390 HREL
WL LT ECBY, JEANTE LI LTI EL
L72e A4 15 A 7200 BAMRIZEITT, &
ATEBE DG S v

Lo THEPLEHERE LT, MHMEKY 171
(45deg - 20deg, & BEWTHIFEA33mm?) &, HESIHEEDS
KEL, e LTIz v, T REKS 172
(35deg - 15deg, & HEWTIIFEAS2mm?) &, PUATEA S
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<, NS A4 71 LY RS 52 &h b imkshE
WEFE L T b, ZO72DIINE & ik BE O Bl m
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A Case Study Report on the Use of a VBA Program to Grade Writing Assignments

Miho SAKAT*, Chikako FUCHIGAMI**

*Department of Media Technologies, School of Engineering, Nippon Bunri University

*2School of Engineering, Nippon Bunri University

Abstract

Currently, rubric evaluation is used to grade writing expression courses at Nippon Bunri Uni-

versity, wherein one teacher scores all learners on qualitative aspects, such as ‘readability” and

“presence of NG (Not Good) expressions.” Given that more than 200 students get enrolled in the

first year of the writing expression course annually, teachers have to apply significant efforts in

marking the 15 lectures and the final examinations. With the objective of resolving this, we used

Microsoft Excel VBA (Visual Basic for Applications) to automate the process and use macros for

grading. While a natural language processing language, Python, can be employed for more ad-

vanced scoring and evaluation; however, this involves certain drawbacks, such as the need to set

up a programming environment. Therefore, a simple program, using VBA to grade writing as-

signments, was created, so that teachers who have access to Microsoft Excel, but are unable to

program, can also grade the assignments. The program application and its results are reported in

this study.

¥ —17— F ! VBA program, EFH, FFl, CEPERFE 7O T L

Keywords : VBA program, writing expression, evaluation, writing assignment grading program
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®1. REFHEHETOTZ L (—8D)

sub R RURHIZ 7 A()
Dim ws As Worksheet
Dim checkWs As Worksheet
Dim lastRow As Long, checkLastRow As Long
Dim inputData As String, feedback As String
Dim colloquialisms() As String
Dim i As Long, j As Long, k As Long
Dim longSentenceCount As Long
Dim commaCount As Long, periodCount As Long

‘TOTATRI == eRRFzy /v — bRy b
Set ws = ThisWorkbook.Sheets("Sheet1")
Set checkWs = ThisWorkbook.Sheets("&IRF = v 7 ¥ — k")

BEOT-RTEF v /v — F OBRBOTERG
lastRow = ws.Cells(ws.Rows.Count, "B").End(xIUp).Row
checkLastRow = checkWs.Cells(checkWs.Rows.Count, "A").End(xIUp).Row

CERFrv Y- bHDRRY R P EEFIICERY AL
ReDim colloquialisms(1 To checkLastRow)
For k =1 To checkLastRow
colloquialisms(k) = checkWs.Cells(k, 1) Value
Nextk

BN DIBHTRBEDT —LITETAL—T
For i =2 To lastRow

inputData = ws.Cells(i, 2) Value

feedback=""

longSentenceCount =0

TERERARDAT b
commaCount = Len(i -1 Data,", *, "))
periodCount = Len(inputData) - Len(Replace(inputData, "> ", "))

| XEBABBOF R E 72 12400FBOF = v

If Len(inputData) < 380 Then
feedback = " E X FHTR, "

Elself Len(inputData) > 400 Then
feedback = "$E E X FHHBB, "

End If

' —XHTOXEUENEF v S
Dim sentences() As String
sentences = Split(inputData, ", ")
Forj=1 )To L

If Len(Trim(sentences(j))) >= 70 Then
ount= ount + 1
End If
Next j

If longSentenceCount > 0 And feedback = " Then feedback = feedback & "70X FBR DXH Y, "

XEDREETF TV
If InStr(inputData, ""CJ™") > 0 And InStr(inputData, "7=") > 0 Then
feedback = feedback & "SXHRASRBIEL TWE T, "

End If
ELERLBLEVRROEREF Y S
Forj=1 jalisms) To L al

If InStr(inputData, colloquialisms(j)) > 0 Then
feedback = feedback & " " & colloquialisms(j)& "] &\ 3 RBIEFEIATVET,
End If
Next j

If feedback = " Then feedback = "fi& % L

‘ST 4 — PNy S EEEAH

ws.Cells(i, 3).Value = feedback

'BlCBEROKEEE AL

ws.Cells(i, 5).Value = commaCount

'FBlICR RO EE EAL

ws.Cells(i, 6).Value = periodCount

‘G EHE % B EAK

If ws.Cells(i, 3). Value = "F&87: L " Then
ws.Cells(i, 7).Value = "SHE X R"

Else
ws.Cells(i, 7). Value = "fE &} "
End If
Next i
End Sub
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Function CalculatelapaneseReadabilityScore(text As String) As Double
Dim score As Double
Dim i As Integer
Dim kanjiCount As Integer
Dim jukugoCount As Integer
Dim conjCount As Integer

'XOREATOXFRFEE L ZXATIH
If Len(text) < 70 Then

score =score+ 1
End If

EAINTWEETOR ERBOREHE
For i =1 To Len(text)- 1

Dim currentChar As String

Dim nextChar As String

currentChar = Mid(text, i, 1)
nextChar = Mid(text, i+ 1, 1)

"EFEFvY
If IsKanji{currentChar) Then
kanjiCount = kanjiCount + 1

"BEETF VY
If IsKanji{(nextChar) Then
jukugoCount = jukugoCount + 1
End If
End If
Next i

‘EHEOBESE

conjCount = conjCount + UBound(Split{text,"% L T"), 1)
conjCount = conjCount + UBound(Split{text," L % L"), 1)
conjCount = conjCount + UBound(Split{text, "% 11.1Z"), 1)
conjCount = conjCount + UBound(Split(text, "% D 7= "), 1)
f B L BN AT AR

CET. B ERROKICSLTRITERE

score = score - kanjiCount - jukugoCount - conjCount

CalculatelapaneseReadabilityScore = score
End Function

Function IsKanji(character As String) As Boolean

EF D Unicode I % £ (ICHIE

Dim charCode As Long

charCode = AscW(character)

IsKanji = (charCode >= &H4EQ0 And charCode <= &H9FFF} Or
(charCode >= &H3400 And charCode <= &H4DBF)
End Function
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Periodicity Analysis by Detecting the Basic Waveform Leading Position for
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