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A Study of A Midsummer Night’s Dream
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Introduction

In this thesis I analyze the theme of William Shakespeare’s A Midsummer Night’s Dream
by paying a close attention to the three stage devices of May Day, fairies, and the idea of
“love”. Although previous studies of the play well acknowledge that the festival of May Day
exists as a background of the play, few studies explicitly foregrounds the rituals of May Day,
the traditional celebrations of the month of May, which are only symbolically and
metaphorically referred in the play.

I think that the theme of praying for a rich harvest in nature including human beings at
May Day is closely related to the theme of A Midsummer Night’s Dream. Since May Day is an
occasion to release sexual desire, its purpose is to pray the prosperity of children and
descendants and celebrate fertility of nature as well as human beings. So, in this play the idea
of love as eros is given positive significance rather than negative implications. The word
“love” in Shakespearean comedies generally refers to eros or sexual desire instead of so called
“romantic love” which refers to spiritual bond of love between the two sexes. And the idea of
love as eros in A Midsummer Night’s Dream is represented by the stage devices of May Day

and fairies.

Chapter 1

In chapter I, I focus on the representation of the idea of “love”. It can be said that the
three couples’ love remains eros or sexual desire though their love apparently seems to have
changed to spiritual and divine love due to their chaotic experience in the wood. The
disorders caused by “love-juice” distilled by the flowers on which Cupid’s fiery arrow fell are
eventually resolved in the denouement of the play. However, throughout the play the
significance of the idea of love as eros or sexual desire has not changed, so the three couples’
love has not sublimated into divine love or spiritual love, nor has it changed at all still
suggesting erotic aspects of human love. And I argue that this fact is obscured by the
repeated use of the expression of “true love”, which is used in one of the most famous
speeches in the play: “The course of true love never did run smooth” (1.1.134). Audiences
misunderstand that their “love” has grown from gross sexual love into spiritual bond between

men and women because the phrase of “true love” suggest a very positive implication of the



idea of “love.” I conclude that in A Midsummer Night’s Dream the phrase of “true love” really
means marriage which is eternal contracts between the three couples. They just happen to
find marriage partners through the disorders caused by Cupid’'s liquid. The play does not
deny eros. That is because the existence of eros is presupposed as the fundamental part of
marriage and the festival of May Day. And the disorders caused by Puck, the surrogate of the
Cupid, in the play are parallel to those of the world of fairies and the world of humans. When
Oberon and Titania, the king and the queen of fairies, quarrel, not only the earth becomes
barren, but the quarrel also affects the human minds and makes their love barren. In other
words, if the crop does not grow in nature, then love in the world of human beings does not
grow. When the earth is barren, human love is also barren. And then it can be said that the
play uses the representation of the invisible fairies and the significance of May Day which
makes visible the idea of “love” and its movement in the play. So the theme of A Midsummer
Night’s Dream is not a romantic love between the minds of humans, and the play makes
visible the invisible transition of love and some power in eros or sexual love. Therefore, the
theme of the play is the festive meaning of the rituals of May Day and fairies, which closely

associated with fertility.

Chapter 11

In Chapter II, I focus on May Day and fairies. The theme of praying for a rich harvest at
May Day is closely related to the theme of A Midsummer Night’s Dream. May Day and eros,
which signify fundamental desires necessary for the reproduction of living beings including
humans, have some negative aspects. However they are considered to have positive
significance in the play and it can be suggested from the fact that Theseus welcomes May
Day in the play. In the play Athens is a state that considers the promotion of fertility having
positive rather than negative significance, and Theseus, who is the political ruler of Athens
and symbolizes justice in the state, hates the moon who hinders fundamental desires as eros.
Then, the play has consistently a mood of festival of May Day from Act 1 to Act 5 heading
for the establishment of marriages. The theme of this play, which embodies the theme of May
Day, where sexual desire is released, is the same with that of the festival of May Day. And
the theme of May Day is represented in the play through several separate plots, which seems
to reflect the nature of the fairies who symbolize the festival of May Day and the misrule of
the festival. In short, the world view of May Day is parallel to the world view of Athens. In
other words, the purpose of May Day and the theme of the play overlap. A Midsummer
Night’s Dream, which may have been inspired by the theme of May Day, can be said to be the
festival of May Day itself.

Conclusion

It follows from what has been said that the idea of love in the play is visualized by the
stage devices of May Day and the fairies, and the world view of May Day and the world view
of Athens are in a parallel relationship. Therefore, A Midsummer Night’s Dream is a work
that embodies the festival of May Day itself.
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1. ABSTRUCT

Progranulin (PGRN) has been reported as a secretive protein from mesenchymal stem
cells (MSCs), which involves several functions such as bone regeneration, anti-inflammation,
and neuroprotection. In this study, our research team has aimed to determine cytokines that
increase the production of PGRN by MSCs. We could identify that IFNy most effectively
enhanced the secretion of PGRN. Furthermore, the PGRN-rich supernatant of IFNy-treated
MSCs attenuated neuronal cell damage induced by various neurotoxins than the control. The
development of PGRN production by IFNy could be a potential advantage as a novel
therapeutic agent for the treatment of severe damage to the nerve system.

2. INTRODUCTION

PGRN is a cytokine with various functions like wound healing [1] and neuroprotection
[2]. It has been known that PGRN is secreted from mesenchymal stem cells (MSCs), which
are a kind of somatic stem cells distributed in many parts of the human body. However,
mechanisms of PGRN production and function by MSCs have been poorly understood. Thus,
revealing mechanisms of production and finding stimulus to enhance the PGRN production
from MSCs would be helpful for further studies of illnesses or self-healing independent of
medication.

Therefore, clarifying which adding cytokines are adequate to support PGRN secretion
from MSCs, we investigated the addition of various kinds of cytokines to MSCs and measured
PGRN levels in the culture supernatants using ELISA. Also, the neuroprotective effects of
PGRN produced by MSCs were conducted by co-culturing the supernatants of MSCs
supplemented with cytokines and damaged SH-SY5Y and measured by a cell viability assay.

3. MATERIALS and METHODS
3.1. Cytokine addition

To identify which cytokine enhances the PGRN production, several types of IFNs such as
IFN-a, IFN-, IFN-y and IFN-4, were supplemented into the medium culturing MSCs.

3.2. ELISA

Enzyme-linked immunosorbent assay (ELISA) was performed to measure the levels of
neuroprotective cytokines like PGRN, DCRN, BDNF and HGF secreted by MSCs stimulated
by various IFNs.

3.3. western blotting
western blotting was conducted to evaluate the differences in intracellular proteins of
MSCs with/without cytokines.

3.4. Flow cytometry
Flow cytometry was carried out to determine if specific-cytokine addition would cause
changes in the expression of various stem cell markers on MSCs.

3.5. Immunofluorescence
Immunofluorescence (IF) was performed to determine whether the expression of PGRN



in MSCs with/without IFN-y.

3.6. Co-culturing

In order to measure whether PGRN secreted from MSC could protect neuroblasts from
cell death, SH-SY5Y human neuroblastoma cell lines treated by neurotoxic agents such as
bupivacaine or cisplatin were co-cultured with the supernatants from MSCs with IFNy.

3.7. Live/dead assay
Sulforhodamine B (SRB) assay was performed to examine how the supernatants from
MSCs with IFNy prevent neural cell death by neurotoxins.

4. RESULTS

Supplementing IFNy to MSCs led [ : r——
to produce high levels of PGRN [ % == ' B oo [ —smsrs
significantly compared to control and - g
other cytokines (Fig 1A). As shown in i 7
Fig. 1B and 1C, we also found PGRN f:«m {
level was increased in a dose- | &=
dependent manner of IFNy and time- ;
dependent manner. /

We next examined the IFNy ARERE » W HEEE '
signaling pathways that enhance PGRN | b S W et s sl
production from MSCs treated by IFNp. [ B e svcey o Part saciviod rom MaGs with or wibiot cyskines afer § doys
It is ll‘mownt lEhat IENYI i&}ducg kﬂ}ll‘\%? ::C}a:,in;?f"‘iff‘“ PGRN rotuaton fom MGG wih 2X108S Ul ot Py b -4 o 7-3078
signaling pathways including t bt
kB, STATI1 and MEK/ERK pathways. R
We thought one would be involved in —

PGRN production. As a result, we - [
found phosphor-C/EBPa was enhanced -

by IFNy treatment (data not shown), |

indicating that MEK/ERK could be

vital to secrete PGRN by MSCs. o .

The neuroprotective function of

PGRN by MSCs was performed by "

SRB assay. Human neuroblastoma cell

line SH-SYS5Y was treated Dy | o ne neopoide finctorof PCAN coaned in supematants of MECe it 1P, SRE cel

neurotoxins such as BUDPIVACAINE | cocures win supematans of MCs with 1Fny fio 5 1 the call vicbity of Samaged S1veY nduced by
Bup and CDDP and/or supematants from MSCs. (*: p<0.05, n=5)

(Bup), a local anesthetic, or Cisplatin
(CDDP), an anticancer drug, and then
added the supernatants of MSCs with IFNy. The cell viability of SH-SY5Y damaged by Bup
or CDDP was improved by the supernatants of IFNy-treated MSCs, compared to culture
medium as a control (Fig 2).

5. DISCUSSION

PGRN is considered and expected as a novel therapeutic agent for many disorders
because of having the multi-function. It has been reported that the neuroprotective agents,
PGRN, is secreted by MSCs, which is a kind of somatic stem cell widely distributed in human
body. In this study, we revealed only Type II interferon, not Type I or III or other cytokines,
improve the PGRN production from MSCs. Also, we report here that the MEK/ERK pathway
involves the PGRN production from MSCs. As the result of the cell viability, PGRN secreted
from IFNy-treated MSC might serve as a novel therapeutic agent for a local anesthetic Bup or
an anticancer drug CDDP that both occasionally cause neuropathy as side-effect. As further
contribution, we would love to investigate the induction of MSCs that stably produce high
levels of PGRN and their neuroprotective effects in vitro and in vivo experiments

6. REFARENCES
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fullerene and (6,6) carbon nanobelts
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1)

Introduction
A carbon nanobelt (CNB), which is composed of benzene rings, is a unit structure of carbon nanotubes
(CNTs) (see Figure 1) [1,2] and electrons can pass through the whole tubular structure. Armchair and
chiral CNBs have already been successfully synthesised [3]. Cage structures composed of carbon atoms are
called fullerenes. Cq, fullerene is a football shaped molecule formed by 60 carbon atoms and extremely stable
from a physical point of view (see Figure 2) [4]. Several atoms have been intercalated into fullerenes [5].
The objective of the present study is to synthesise secondary structures formed by CNBs and Cg molecules.
CNBs and Cg molecules are dissolved in 1,2-dichlorobenzene and materials formed in the solvent are
collected by centrifugation and dispersed in distilled water. The structure and physicochemical
characteristics of the materials are characterised and clarified. It is found that spherical particles are formed
by CNBs and Cg molecules and that particles are monodisperse even in water.
Experimental details
The experimental procedure is summarised below.
(a) CNBs and Cg molecules were individually dissolved in 1,2-dichlorobenzene. The two solutions were
mixed, setting the ratio of the molar concentration of CNBs to that of Cy at 1:1, 1:1.25, 1:1.5, 1:1.75, 1:2 and 2:1.
(b) The mixed solution was left still for 1 h, 2 h, 3 h, 4 h, 24 h and 1 week at room temperature.
(c) 1 week after the mixture of the two solutions, the solvent was replaced by ethanol, followed by
sonication and centrifugation twice.
(d) The materials separated by centrifugation were dispersed and sonicated in distilled water.
The following is the characterisation and observation procedure.
(a) The absorption spectra by the supernatant of the solution were measured by ultraviolet-visible (UV-Vis)
spectroscopy (DU730, Beckman Coulter).
(b) The structures of the materials were observed by scanning electron microscopy (SEM) (SU8030,
Hitachi). The size of the materials was measured, targeting at 100 materials from the SEM images.
(¢) The hydrodynamic diameter and zeta potential of the materials dispersed in distilled water were
measured by Zetasizer (Nano-ZS, Malvern).
(d) The molecular weight of the materials was analysed with time-of-flight mass spectrometry (TOF-MS)
(autoflex-05S, Bruker), where the materials were positively charged.
Results and discussion
The absorption spectra by the supernatant of the solution, in which CNBs and C; molecules are
dissolved in 1,2-dichlorobenzene, showed that the probability of CNB-(Cy,). being formed may be highest,

40— Hydrogen

Figure 1 (6,6) carbon nanobelt Figure 2 C, fullerene.
(Armchair CNB).
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Figure 3 SEM image (left) and size distributions (right) of particles formed by CNBs and Cj
molecules one week after the mixture of the two solutions. The ratio of the molar
concentration of CNBs to that of Ci molecules in the solution was 1:2. The scale bars
represent 5 um.

Table 1 Mean diameter, hydrodynamic diameter and zeta potential of a particle
synthesised 1 week after the mixture of the two solutions.

Mean diameter (7.12 £ 0.63) x 10> nm

Hydrodynamic diameter
in distilled water
Zeta potential
in distilled water

1.30 = 0.09 um

-38.8+0.7mV

which can also be confirmed by the time variation of the absorption spectra by the supernatant, where the
ratio of the molar concentration of CNBs to that of C4 molecules was set at 1:2.

SEM image and the size distributions of the particles formed by CNBs and Cy; molecules one week after
the mixture of the two solutions are shown in Figure 3. Spherical particles were formed and the size of the
particles increased with time up to 24 h. The mean diameter of a particle formed 1 week after the mixture
of the two solutions is shown in Table 1, where the hydrodynamic diameter and zeta potential of a particle
dispersed in distilled water are also shown. The diameter of a particle synthesised 1 week after the mixture
of the two solutions is quite uniform, noting that the mean diameter was 7.12 X 10° nm and the standard
deviation was 0.63 x 10° nm. It should be stressed that the absolute value of the zeta potential of a particle
dispersed in water was as large as 388 mV and as a result, the particles were monodisperse even in water,
considering the mean diameter (7.12 x 10° nm) and the hydrodynamic diameter in water (1.30 um).

It can be inferred that an individual compound composed of one CNB and two Cs molecules was formed
via van der Waals attractions and spherical particles were formed by the compounds in 1,2-dichlorobenzene.
Summary

Spherical particles composed of carbon nanobelts and Cg4 molecules were successfully synthesised via
self-assembly at room temperature. It is supposed that a compound composed of one carbon nanobelt and
two Cg molecules was created and spherical particles were formed by the compounds in the solution. It was
found that the size of the particles was uniform and that the particles were monodisperse even in water,
which means that the present particles may well be used as stable colloidal particles in water. I will be
investigating the mechanism of the particles’ high monodispersibility in water, and also clarifying the
internal structures and mechanical/electric/electronic/magnetic properties of the particles.
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Retrospective Analysis of Japan and Vietnam
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School bullying, and bullying overall, is a significant issue in the modern world that must
be addressed to preserve the generations to come and promote positive feelings about the
educational institution. To that end, the present study focuses on how to discern the
similarities and differences between bullying between the two nations, as well as why they
occur. To do so, the shared cultural elements are analyzed along with a retrospective
perspective as a means to understand bullying events. To do so, an adapted version of Morita
and Kiyonaga's model for bullying was utilized. This adapted model categorizes bullying/
bullies into one of four Categories which explain how bullying is precipitated; Category I
consists of those who understand their actions but do not care for the victim, facilitating a
stereotypical bully, Category II comprises those who understand their actions in addition to
caring for the victim, Category III includes those who do not understand their actions as well
as care for the victim, and Category IV is made up of those who do not understand their
actions nor care for the victim. The present study utilizes a mixed-methods approach wherein,
from the quantitative perspective, Japanese and Vietnamese university students from the
same school partook in a survey to indicate association to the bullying categories. Significant
independent variables were considered and consisted of biological sex, cram school
attendance, family size, and familial relationship. The results were then analyzed via chi-
squared with a p of .<=.1 as opposed to <= .05 due to culture providing essential implications
for understanding the research theme and exploring the research questions. From the
qualitative perspective, eight individuals (four from each nationality) were interviewed with
regards to their beliefs on why bullying took place the way it did in their home country.
Results were then manually compared to determine reasons for similarities and differences.
Results indicated three critical factors of similarity between bullying in Japan and Vietnam,
collectivism, Confucian influence, and legal repercussions. Both nations are perceived as
functioning more in line with collective thought, leading to individuals not being willing to

distance themselves from their social group to stand up for a real or perceived victim. With



regards to Confucian values, although neither nation incorporates them from a governmental
perspective, results still indicated that significant influence in both countries resulted in
shared perspectives with regards to bullying scores regardless of category. For the final
similarity, it appears that fear of legal repercussions with regards to theft was shared by
individuals of both nationalities, explaining the high levels of resonance with questions related
to theft for the purpose of bullying in addition to low scores. Differences between bullying by
nationality were noted as being due to either a breakdown or change in interpretation of
Confucian values. Differences were noted in four areas: Category III overall, Category I
females, Category II with no cram school participation, and Category III family relationships.
Interestingly, technology changes offered one reason for the substantial differences between
the two nations, but only in cases where Confucian values were already in the process of
breaking down. In conclusion, there were substantial similarities between bullying in Japan
and Vietnam, however, not everything was identical between the nations. Confucianism
presented the most significant factor for both similarities and differences between Japan and
Vietnam, while the collective cultural aspects and understanding of legal repercussions were
only relevant to similarities. Differences noted were due to either a breakdown of Confucian

values by one nation or due to differences in interpretation.
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-0.0367[++* 0.0000|  0.0123 *+ 0.0000|  0.0066 =+ 0.0000f  -01763 ** 0.0000)
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SCHiH Synthesis of magnetic nano/micro particles
in supercritical ethanol
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It is well known that a variety of patterns are formed by magnetic nano/micro particles in the
presence of external magnetic fields and the motion of those particles can be actively controlled by
the fields. Magnetic nano/micro particles are often used/utilised in bio-medical engineering; e.g., as
image enhancement media for magnetic resonance imaging (MRI), carriers for nano drug delivery
and media for hyperthermic treatment of cancer cells. Supercritical fluids have been used for
extracting molecules, cleaning nano/micro devices and producing nano/micro materials. In this
study, magnetic particles are synthesised via pyrolysis in supercritical ethanol, in which ferrocene is
dissolved. The effect of the temperature and molar volume of ethanol on the shape of nano/micro
particles was investigated and clarified.

Keywords: Magnetic particles, supercritical fluid, ethanol, ferrocene, non-spherical particles
1. Introduction

It is known that the gas-liquid coexistence curves terminate at the critical points, at which
incident photons cannot penetrate the fluids due to the formation of large clusters. The critical
points are from a thermodynamic point of view second-order phase transition points [1]. Fluids, the
temperature and pressure of which are located above the critical values, are called supercritical
fluids (SCFs). The density of SCFs is liquid-like, while the viscosity is gas-like. SCFs have been used
for the production of nanomaterials such as carbon nanotubes, nano fibres, and nano films [2, 3]. A
variety of patterns are formed by magnetic particles and their motion can be quite easily controlled
by external magnetic fields [4]. Magnetic particles can be used/utilised particularly for biomedical
studies [5, 6]. In the present study, nano/micro magnetic particles were synthesised in supercritical
ethanol, in which ferrocene was dissolved. The effect of the temperature and molar volume on the
shape of the particles was investigated.

2. Experimental method

The outline of the experimental system is shown in Fig.l. Solution, in which ferrocene was
dissolved in ethanol, was introduced into a container. Note that the critical temperature, pressure
and molar volume of ethanol are, respectively, 513.9 K, 6.14 MPa and 2.61 x10™* m’ mol ~". The molar
volume of ethanol was set at 1.23 x 10~* m’ mol ' and the temperature was set at 250, 300, 350 and
400 °C for 1 h after reaching the assigned temperature.

The pressure corresponding to the temperature; 250, 300, 350 and 400 °C was, respectively, 3.03,
3.40, 3.77 and 4.14 MPa, calculated by van der
Waals equation. Solution

The magnetic nano/micro particles
synthesised under different conditions (see
Table 1) were observed by scanning electron
microscopy (SEM) and the shape of the particles
was analysed. Finally, the effect of the
temperature on the shape of the particles was

_ Heater

clarified. VA O
3. Results and discussion
: . . Critical fluid cell Temperature controller
SEM images of particles synthesised at each nitical Tiuid ce
temperature are shown in Fig.2, where the molar Fig.1 Outline of the experimental system
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volume of ethanol was set at 1.23 X 10~ m’ mol ™' Table 1 Experimental conditions
and 612 X 107" mol of ferrocene was dissolved

in ethanol. The shape of the particles changed TemF[{fC’]a‘”'e 250 300 350 400
depending on the synthetic temperature. The

particles synthesised at 250 °C were basically p;;s;:]’e 3.03 3.40 3.77 4.14
spherical (see Fig2(a)). When the temperature p— —

was 300 and 350 °C, nano-flowers were created
(Figs.2(b) and (d)). However, at 300 °C, some |Molar volume

spherical particles were also created as in the (}:3?:_:231 Ltk
case of 250 °C (Fig.2(c)), while at 350 °C, anchor

type of particles were synthesised (Fig2(e)). At Molar

400 °C, the size of particles varied, and there ff"fﬁ"nf?::“;“ 152 X 10
were some dendritic particles created at 300 and [mol/m?]

350 °C.

4. Summary

Non-spherical magnetic nano/micro particles such as spheres, nano-flowers, anchors and
dendrites were successfully synthesised utilising supercritical ethanol. Uniform dendritic particles
were formed particularly when the temperature was 350 °C. The effect of the molar volume of
ethanol on the shape of particles will be investigated in more detail. It is supposed that the present
magnetic particles may well be utilised in the field of biomedical engineering as media for MRI and/
or surface-enhanced Raman scattering (SERS).

(a) 250°C ’ (b) 300°C

Fig.2 SEM images of particles synthesised via pyrolysis in supercritical ethanol. (a)
The synthetic temperature is 250 °C; (b) 300 °C; (¢) 300 °C; (d) 350 C; (e) 350 °C;
(f) 400 °C. The molar volume of ethanol is 1.23x107° m’ mol ' and 6.12 x 10™* mol
of ferrocene is dissolved in ethanol. The scale bars represent 1.0 um.
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<Abstract>

With the rapid development of the economy and the advancement of internet technology in China, the digital
revolution is accelerating changes in people’s consumption habits and lifestyles, making online consumption behavior
more frequent. For example, online shopping, takeaway, and other new consumption methods enable people to enjoy a
convenient life without leaving home. However, this kind of “convenient life” comes with many environmental problems
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such as “packaging waste siege”, environmental pollution etc. These environmental problems seriously threaten people’s
health and living environment and make the sustainable development of the environment and society unreachable. The
most fundamental reason for packaging waste-related problems is that the packaging waste management system is not
mature and comprehensive. For example, implementing the Extended Producer Responsibility (EPR) system on
packaging waste management started late in China. The responsibilities and obligations that producers and consumers
need to bear when participating in economic activities are unclear and lack relevant restraint mechanisms and
incentive policies. Therefore, this thesis takes packaging waste management based on the EPR system as the mainline
and tally with the relevant specific goals of SDG 9, SDG 11, and SDG 12. Combine relevant economic theories, EPR
theories, and game theory and analyze the mutual relationship between the key players in the different stages (stage
1--products design and production, stage 2--products take-back after consumption, recycling, and final disposal) of
packaging waste management through game modeling. And then to analyze the deep-seated reasons for the inefficiency
of packaging waste management based on the EPR system in China.

First, in the products design and production stage, through building and analyzing a static game of complete
information based on the Cournot competition, analyze the mutual relationship between the government,
manufacturers, and consumers. And use MATLAB R2021a to analyze the correlation of different parameters in the
game model. The analysis results indicate that: (1) The government’s environmental tax and environmental subsidies
can incentivize manufacturers to pay more attention to the negative externalities their products’ life cycle may cause
and incentivize manufacturers fulfill related extended responsibilities better. Moreover, the increase in environmental
tax and subsidies can effectively inhibit manufacturers from producing products that harm the environment and
discharging pollutants when producing the products to encourage manufacturers to improve their existing production
technology and industrial structure. (2) The government levies a certain proportion of environmental tax on
consumers, which can also enhance consumers’ environmental awareness and curb unreasonably high consumption.
(3) When consumers change their consumer preferences due to increased environmental awareness, this will also
inhibit manufacturers from producing products that harm the environment. (4) The incentive effects of the
environmental tax and subsidies may lose if the environmental tax and subsidies cannot simultaneously become
environmental regulations for packaging waste management. (5) Although the government's environmental tax will
reduce the maximum total utility of society to a certain extent, which can effectively internalize environmental costs.

Second, in the products take-back after consumption, recycling, and final disposal stage, through building and
analyzing the evolutionary game models to analyze the mutual relationship between the government and recyclers,
and recyclers and consumers. And use MATLAB R2021a to verify the evolutionarily stable strategies and show the
impact of assigning values to different parameters on the evolution path of the evolutionary game model. The
analysis results indicate that: (1) The government’s reasonable reward and punishment mechanism and subsidy
system can effectively incentivize recyclers and consumers to fulfill their extended responsibilities more actively.
This contributes to the efficiency of take-back, recycling, and final disposal of products after consumption, thereby
making the packaging waste management based on the EPR system more efficient. (2) With the increase in the costs
of the government’s supervision, or the costs of consumers participating in the take-back of products after
consumption to recyclers, or the costs of recyclers implementing EPR-related regulations and upgrading take-back
and recycling industrial chain, which are all detrimental for efficiency of packaging waste management based on the
EPR system.

Third, the research in this thesis has a certain enlightenment role for packaging waste management based on the
EPR system in China.

In the products design and production stage: (1) For manufacturers, the government should establish practical
and feasible incentive mechanisms, such as levying reasonable environmental tax and providing environmental
subsidies to incentivize manufacturers to produce more environmental-friendly products and focus on the negative
impacts of their products’ life cycle on the environment. (2) For consumers, the government can also levy a certain
proportion of environmental tax on consumers to enhance consumers’ environmental awareness and curb
unreasonably high consumption. (3) For the government, when designing environmental tax rates, it is necessary to
consider the equilibrium between consumer surplus, the manufacturers’ profits, and the maximum total social utility.
An unreasonable environmental tax rate will lead to a decline in the maximum total utility of society.

In the products take-back after consumption, recycling, and final disposal stage: (1) The government needs to
play its guiding and regulating role and establish an organization similar to the Producer Responsibility Organization
(PRO). Use the intermediary character of PRO to recommend third-party recyclers for small and medium-sized
manufacturers to help these manufacturers better fulfill their corresponding extended responsibilities. (2) The
government should optimize the existing reward and punishment mechanism and subsidy system. Provide subsidies
and rewards to recyclers and consumers who actively implement EPR-related regulations to encourage recyclers and
consumers to fulfill EPR-related regulations better. Moreover, the government should provide corresponding subsidies
to encourage recyclers to upgrade their industrial chain and reduce the risks that recyclers may encounter when
upgrading the industrial chain. At the same time, the government should also increase penalties for recyclers and
consumers who passively implement EPR-related regulations. (3) The government should reduce the costs of
consumers participating in the take-back of products after consumption and the costs of recyclers implementing EPR-
related regulations and upgrading their take-back and recycling industrial chain.

<Key words>

EPR (extended producer responsibility), packaging waste, game theory, evolutionary game theory, correlation
analysis and numerical simulation analysis
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CRERIESRINTTZ D

SCHiH Achieving Marker-less and Sensor-less
Badminton Action Recognition with
Machine Learning Approaches

EAEHH PHEE
MHERESE  EHGEEEEFE 4 4%4F 4288 No. 1F10180010
Tam Xiuyao

Abstract — A concept on achieving marker-less and sensor-less badminton action recognition
with machine learning approaches, which requires only RGB-video with audio as inputs, is
presented along with the study. An audio-based shot event detection model performed with
an accuracy of 75.15% and a 10-classes badminton action recognition model performed with

top-1 accuracy of 70.00% and top-3 accuracy of 86.25% are proposed in this paper.
1. Introduction

In badminton, video replay is one of the commonly used methods by coaches and players
to conduct post-match review, and to develop tactics and strategies for future matches.
Coaches will analyze the shots played during the game, and further discover players’
movement patterns, habitual techniques and strokes, then inference the strength and
weakness of a player in depth by integrating all the information. The recognition of the shots
played during the game (as known as Badminton Action Recognition, BAR) is therefore an

important part for the analysis process.
2. Previous & Related Works

Works that included the use of machine learning (ML) or deep learning (DL) techniques
in the task of BAR can be approximately classified into two categories: (1) Sensor-based,
which collects motion data from installed sensors, and (2) Vision-based, which mainly used
video as data. The previous works [1, 2] have good results in general yet there are limitations
on practicality and the techniques used, such as affect the players during the game and

overlook the natural relationship between each body parts while performing BAR.
3. Objective

This paper solves the previous mentioned limitations by proposing vision-based BAR
model that is marker-less and sensor-less, with the utilization of Spatial Temporal Graph
Convolutional Network (ST-GCN), 2-Dimensional Human Pose Estimation (2D-HPE) and
Skeleton-based Action Recognition from MMskeleton [3]. On top of that, this paper works on
improving the categorization of badminton actions, so to provide informative analytics on

later stage.
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4. Method

MMskeleton
Input ( ) Shot Event . ) _ ) |< ) Output
(Video) Detection Pose Estimation | Badminton Action Recognition (Labels}
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Figure 1

As shown in Figure 1, the proposed framework includes 3 main stages: (1) Shot Event
Detection, (2) Pose Estimation, and (3) Badminton Action Recognition. First, the video with
audio is inputted. The Shot Event Detection model will filter out non-shot event in the video
such as ads. Then, pose estimation is conducted to obtain the players’ skeleton data. The BAR
model will classify the skeleton data and identify the shots played. Last, the labels of the shots
played are outputted. For the shot event detection model, audio cues, the sound of hitting the
shuttlecock with racket, is used to detect shot event. This model is developed on Easy
Ensemble Classifier (EEC) with AdaBoost Classifier as base estimator. For the BAR model,
this paper utilizes (1) 2D-HPE, to build custom skeleton dataset from badminton videos, and
(2) Skeleton-based Action Recognition, to train and fine-tune a new model for BAR. The
10-classes are: Forehand Smash, Forehand Clear, Forehand Hit, Backhand Hit, Forehand Net,
Backhand Net, Forehand Lift, Backhand Lift, Serve and None. The models are then evaluated
with extracted video clips from 7 international level badminton matches played by 10

different players.
5. Summary & Future Works

The positive experimental results show the potential of achieving marker-less and sensor-
less badminton action recognition with different ML approaches from the other works,
providing a more detailed categorization of badminton actions, while performed with an
accuracy comparable to previous works. In future, the method can be extended to Doubles
matches with optimize algorithms to explain relationship between skeletons and applied to

other racket sports.
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