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Editorial

The present Thaksin University Journal (TSUJ) Vol. 22 No. 2 (July - December 2019) is published with 1 academic article
and 9 research articles. The interesting academic article is “Biofuel from Polyhydroxyalkanoates (PHAs)” and 9 multidisciplinary
of science and technology of research articles in food science (1), Thai medicine (1), technology (1), agriculture (1), informatics
system and measurement (1), energy (1), Mathematics (2) and physics education (1). TSUJ readers and customers will get more
knowledge and benefit from the content inside the journal and then some of articles would be cited and referred in the near future.

Authors have been a real impulsion and key in founding TSUJ as one of the best journals for publication in the subject
of multidisciplinary of science and technology. I would like to thank them all in considering and trusting TSUJ as the platform
for publishing their valuable work. I also thank all authors for their kind cooperation extended, checked and corrected during
various stages of processing of the manuscript in TSUJ.

For the success of any journals, reviewers are an important part and therefore the reviewers merit sincere appreciation.
TSUJ relies on exertion and generosity of the reviewers on assessing suitability of a manuscript for publication in TSUJ.
The reviewing of a manuscript is very essential to assure the quality of manuscripts published in any journals. I thank all reviewers
for their excellent contributions during the year 2019 of TSUIJ.

Again, I would like to inform you that in 2020 the TSUJ will be issued 3 copies per year and each issue will be printed
out on January-April, May-August and September-December. Innovative, inventive, original and well-organized multidisciplinary
of science and technology articles are welcome to be reviewed and published in full paper with some restrictions on detail of
content and number of pages. The TSUJ editor has the final decision-making responsibility for acceptance or rejection of all
manuscripts submitted to the journal. The publisher will not become involved in editorial decisions.

In case of editorial duty, I would like to inform that TSUJ improvement plan to the international level has been discussed
and accepted by Research and Development Institute of Thaksin University (RDITSU). TSUJ editorial board and I will continue
to work harder and try to enhance our journal’s quality up to the universal level and try to get more and more recognition in the

future. Thank you very much and see you again in the next issue.

Asst. Prof. Dr. Prasong Kessaratikoon

Journal Editor
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Abstract

The limited reserves and negative environmental consequences of fossil fuel have spurred the search for renewable
biofuels. Polyhydroxyalkanoates (PHASs) producing-bacteria was proposed as an alternative biofuel, termed as hydroxyalkanoate
methyl ester (HAME) and hydroxybutyrate methyl ester (HBME) which are similar to biodiesel. In addition, HAME and
HBME are environmental friendly fuel, have high oxygen content without nitrogen and sulfur. In contrast, petroleum contains
very low oxygen high nitrogen and sulfur contents, which can lead to environmental pollutions when burning. PHAs are
polyesters produced in nature by numerous bacterial, including through bacterial fermentation of renewable carbon sources.
The utilization of PHAs as substrate for biofuel seems reasonable at first glance. Consequently, the development of HAME
and HBME as sustainable fuel or fuel additives may contribute to the diversification of biofuel or fuel additive market. In
this article, production, properties and research of biofuel from PHAs were reviewed. In addition, future work on biofuel

from PHASs was also discussed.

Keywords: Polyhydroxylakanoates (PHAs), Biofuel, Hydroxyalkanoate Methyl Ester (HAME), Hydroxybutyrate Methyl Ester
(HBME)
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Introduction

Polyhydroxyalkanoates (PHAs) are bio-polyesters synthesized by bacteria as intracellular storage reserves of carbon
and energy [1]. PHAs have recently attracted great deal of industrial attention as promising biomaterials due to their excellent
biodegradability, biocompatibility and capability of being produced from renewable resources. Microbial PHAs were proposed
for the first time as a new type of biofuel, termed hydroxyalkanoate methyl ester (HAME) and hydroxybutyrate methyl ester
(HBME) [2]. The PHAS based biofuel could provide a strong candidate for current biofuels or fuel additives market. When
considering the production process, chemical structures and role as energy carrier, it is easily found that HAME and HBME
are similar to those of biofuels, particularly similar to biodiesel that is methyl esters of long-chain fatty acids. HAME and
HBME are very different from petroleum. Petroleum contains very low oxygen high nitrogen and sulfur contents, which can
lead to environmental pollutions upon burning. In contrast, HAME and HBME have high oxygen content without nitrogen
and sulfur. Because it has been commonly recognized that oxygenated additives can decrease exhaust smoke for diesel,
reduce the ignition delays, and shorten the combustion duration and engine emissions of smoke, HC and CO can also be
reduced [3]. In this article, production, properties and research of biofuel from PHAs was reviewed. In addition, future work

on biofuel from PHAs was also discussed.

Polyhydroxyalkanoates (PHAs)

PHAs is a family of naturally-occurring biopolyesters synthesized by various microorganisms. First discovered by
Lemogine in 1926, PHAs has since attracted much commercial and research interests due to its biodegradability,
biocompatibility, chemical-diversity, and its manufacture from renewable carbon resources [4]. A PHAs molecule is typically
made up of 600 to 35,000 (R)-hydroxy fatty acid monomer units. Each monomer unit harbors a side chain (R) group which
is usually a saturated alkyl group but can also take the form of unsaturated alkyl groups, branched alkyl groups, and substituted
alkyl groups although these forms are less common [5]. Depending on the total number of carbon atoms within a PHAs
monomer, PHAs can be classified as either short-chain length PHAs (scl-PHAs; 3 to 5 carbon atoms), medium-chain length
PHAs (mcl-PHASs; 6 to 14 carbon atoms), or long-chain length PHAs (IcI-PHAs; 15 or more carbon atoms). About 150
different PHAs monomers have been identified and this number continues to increase with the introduction of new types of
PHAS s through the chemical or physical modification of naturally-occurring PHAs. These features gave rise to diverse PHAs
properties which can be tailored for various applications ranging from biodegradable packaging materials to medical products.
PHAs is also considered as pharmaceutically-active compound and currently investigated as potential anti-HIV drugs,

anti-cancer drugs, antibiotics, etc. [4, 6].

Energy Derived from Biofuels
Bioenergy is energy derived from biofuels. Biofuels are fuels produced directly or indirectly from organic material
biomass including plant materials and animal waste [ 7] (Table 1). However, most people associate biofuel with liquid biofuels

(bioethanol, biodiesel and straight vegetable oil). In this review the term “biofuels” refers to liquid biofuels.

Table 1 Types of biofuel for energy

Gaseous Methane gas and Hydrogen gas

Biofuels Solid Fuel wood, Charcoal, Bagasse and Sawdust

Liquid Methanol, Ethanol, Biodiesel and HAME/HBME
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Biofuels from PHAs

The limited reserves and negative environmental consequences of fossil fuel have spurred the search for renewable
biofuels. Till now, several substitution biofuels from biomass have been researched and used in some domains in our life,
including hydrogen, methane/biogas, methanol, ethanol, biodiesel, n-butanol, acetone and others [7]. Among all of these
biofuels, biodiesel and ethanol are exploited most intensively. However, extensive uses of biodiesel and ethanol have created
panic in the food and feed market, leading to “food vs fuel” controversy [8]. At the same time, high production costs also
restrict their large-scale application in industry and transportation. Recently, a novel biofuel termed hydroxyalkanoate methyl
ester (HAME) and hydroxybutyrate methyl ester (HBME) derived from bacterial PHAs (Figure 1) was reported. HAME and

HBME can be produced from residual substrates in wastewater of food processing industries or even household wastewater.

OrganicC ]
L P
Air/0, W | ’

N-source

Fermentation of PHAs PHAs Esterification of PHAs HAME (Biofuel)

Figure 1 Biofuel from polyhydroxyalkanoates (PHAs)

The production of HAME obtained from esterification of PHAs could be biofuel (Figure 2). When considering the
HAME and HBME properties showed the possible ability to be utilized as a novel biofuel or a fuel additive, the fuel properties

similar to biodiesel.

Hydroxyalkanoate methyl ester

0
i)\ D Methyl esterification
o OCH,
ARAN WINESEST ix !
0—CH—(CH;)— c% {o)\*}\*
100-30000

4] 4] 0

PHASs Production Common PHAs Monomer

Figure 2 The production of hydroxyalkanoate methyl ester (HAME) [3]

Preparation of HAME and HBME were obtained via acid-catalyzed hydrolysis of PHAs (Figure 3). The most
commonly used catalyst for the HBME production is sulfuric acid (H,SO,). Usually, the yield reaches an optimal value when
the catalyst (H,SO,) concentration reaches 10 % (v/v) with methanol under a reaction temperature of 67 °C to 100 °C

and a time for 50 h to 60 h. The highest yield of HBME (44.4 % to 70.7 %) was obtained (Table 2).
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CIZHS ? Catalyst ?H, ?
H-O-CH-CH,-C-OH + CH,OH = H-O-CH-CHC-OCH; + H,0O
Hydroxybutyrate Methanol Hydroxybutyrate Methyl Ester ~ Water

(HB) (HBME)

Figure 3 Synthesis of HBME from polyhydroxybutyrate (PHB) using esterification [9]

Table 2 Optimal condition of hydroxybutyrate methyl ester (HBME) production via acid-catalyzed hydrolysis of
polyhydroxyalkanoates (PHAS)

Methods of HAME Production

Temperature Time % HBME References
Acidic Methanol
©0) (h)
methanol with 15 % (v/v) H,SO, 100 60 65.0 [9]
44.4 [10]
methanol with 10 % (v/v) H,SO, 67 60 46.7 [11]
68.0 [12]
methanol with 10 % (v/v) H,SO, 67 50 70.7 [13]

Factors Affected on HAME and HBME Production

There are four primary factors affecting the yield of HAME and HBME, i.e. type of acid-catalyzed, catalyst
concentration, type of alcohols, reaction time and reaction temperature.
1. Type of acid-catalyzed and concentration

For acid-catalyzed systems, sulfuric acid (H,SO,) has been the most investigated catalyst, but other acids, such as
hydrochloric acid (HCI), phosphoric acid (H3PO,), and organic sulfonic acids [10]. In a pioneering work, Wang et al. [8]
and Zhang et al. [3] examined the esterification of PHAs with methanol, using H,SOj as the catalyst. In addition, Choonut ez al.
[10] study, the effect of acid-catalyzed type (H,SO4, HCI and H3PO,) on HBME production. The results indicated that the
system containing H,SO, as an acid-catalyst gave the highest yield. Sangkharak et al. [11] found that high HBME recovery
percentage (68 %) and purity (> 95 %) were obtained by acid-catalysis using methanol with H,SO,.

Catalyst concentration can affect the yield of the HBME product. As mentioned before, the most commonly used
catalyst for the reaction is sulfuric acid (H,SO,). Because, upon mixing H,SO,4 with methanol a small amount of water will
be produced, this will affect the product yield because of the hydrolysis reaction [12]. This is the reason why the catalyst
should be added into the CH30H first and then mixed with the PHAs. As the catalyst concentration increases the conversion
of polyesters and the yield of HAME and HBME increase. This is because an insufficient amount of catalysts result in an
incomplete conversion of the polyesters into the methyl ester. Usually, the yield reaches an optimal value when the catalyst
(H,S0,) concentration reaches 10 % (v/v) and then decreases a little with a further increase in catalyst concentration. Choonut
et al. [10] found that high HBME recovery percentage (70.7 %) were obtained by acid-catalysis using methanol with 10 %
(v/v) H,SO, under a reaction temperature at 67 °C for 67 h. In addition, Zhang et al. [3] and Junpadit et al. [13] the preparation
of HBME from PHB was addition of methanol with 15 % H,SO, under 100 °C for 60 h, gave the yield of HBME 65.0 %
and 44.4 %, respectively. Canakci and Gerpen [14] also reported that the completeness of ester formation increases when
increasing the acid catalyst amount. A further complication of working with high acid catalyst concentration becomes apparent
during the catalyst neutralization process, which precedes product separation [15]. However, an acid catalyst at a higher

concentration does not increase the reaction products.
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2. Type of alcohols

Alcohols used in acid-catalyzed esterification have included methanol, ethanol, propanol and butanol [10, 16].
Methanol and ethanol are used most frequently in laboratory research. As already mentioned, the low cost of methanol makes
and its physical and chemical advantages, it the first choice for the reaction. Choonut et al. [10] study, the effect of type of
alcohols (methanol and ethanol) on HBME. The PHB was acid-catalyzed for HBME production using methanol with 10 %
H,SO,, the highest yield. Canakci and Gerpen reported that longer chain alcohols have longer reaction times when the same
reaction temperature is used [14].The addition of one methylene group (CH;) to the alcohol doubles the reaction time.
However, the level of water in an alcohol is crucial for its successful application in the production of methyl esters [17].
3. Reaction time

The conversion rate of fatty acid esters increases with reaction time [18]. At the beginning, the reaction is slow
due to the mixing and dispersion of alcohol into the PHAs. After a while, the reaction proceeds very fast. Normally, the yield
reaches a maximum at a reaction time of < 90 min, and then remains relatively constant with a further increase in the reaction
time [19]. Moreover, excess reaction time will lead to a reduction in the product yield due to the backward reaction of
transesterification, resulting in a loss of esters [20]. Choonut ef al. [10] study, the effect of times (10, 20, 30, 40, 50, 60 and
70 h) on HBME production. HBME production increased from 12.8 % to 70.7 % when the reaction time was increased from
10 h to 50 h, under optimum condition (methanol with 10 % H,SO, at 67 °C). It is clear that long times are required for high
conversion rates using an acid catalyst. Feedman et al. [18] reported that the methanolysis of soybean oil in the presence of
H,SO, with alcohol at 65 °C for 50 h to reach complete conversion of the soybean oil (> 99 %).
4. Reaction temperature

Temperature clearly influences the reaction and yield of the HAME and HBME product. A higher reaction
temperature results in an increased reaction rate, and a shortened reaction time. However, reaction temperature increases
beyond the optimal level, the yield of the HBME product decreases because a higher reaction temperature accelerates the
saponification reaction of polyesters. Zhang et al. [3] and Junpadit e al. [13] the preparation of HBME from PHB was
addition of acidic methanol under 100 °C for 60 h, gave the highest yield of HBME 65.0 % and 44.4 %, respectively. Choonut
etal.[10] and Sangkharak et al. [11] found that high HBME 70.7 % and 68.0 % of optimal conditions (methanol with H,SO,)
under a reaction temperature at 67 °C. The reaction temperature must be less than the boiling point of alcohol in order to
ensure that the alcohol will not leak out through vaporization [20]. Depending on the condition used, the optimal temperature

ranges from 67 °C to 100 °C.

Characterization for HBME Physicochemical and Fuel Related Properties.
The Attenuated Total Reflectance-Fourier Transform Infrared spectroscopy (ATR-FTIR) spectrum was used for

evaluate the HBME structure and the results are shown in Table 3.

Table 3 Description of the main ATR-FTIR peaks in the spectra of HBME

Assignment Wavenumber (cm™) of HAME and HBME
(stretching) 1° 2b 3 4
O-H 2924 3390 3454 1045
C-H 2855 2054-2842 2960-2860 2928
Cc=0 1745 1713 1740 1720
C-0-C 1246 1155-1041 1260-1160 1129

“Data obtained from Choonut ef al. [10]; "Data obtained from Sangkharak ef al. [11]; ‘Data obtained from Zhang et al. [3];

‘Data obtained from Kueanun ez al. [21].
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The HBME showed the intense absorption characteristic for ester carbonyl (C=0) stretching groups. The spectra
indicated groups of O-H, C=0, C-O-C, and C-H. The intense band at 1745 cm’' represented the presence of aliphatic carbonyl
(C=0) group of R-CO-A in HBME [10]. Silverstein et al. [22] also reported the C=0 absorption is very strong in the
IR at 1750-1735 cm’; in addition, C-O stretching bands are observed in the range of 1100-1300 cm™. The spectrum of the
HBME revealed 3 major peaks of C-O-C stretching at 1155-1041 cm™', C-H banding at 2954-2842 cm™ and C=0 stretching
at 1713 cm™ [11]. ATR-FTIR spectrum of the PHB sample revealed 3 major peaks of C-O-C stretching at 1260-1160 cm’’,
C-H banding at 2960-2860 cm™ and C=O stretching at 1750-1735 cm™'. However, the major difference of the FTIR spectra
HBME was in the band of C=0 stretching located. The PHB polymer showed the intense absorption characteristic for ester
carbonyl (C=0) stretching groups in comparison with the HAME. The spectra indicated groups of O-H, C=0, C-O-C, and
C-H. According to ATR-FTIR analysis, spectra of HBME were almost similar (Figure 4). The fuel properties of HBME

were indicated in Table 4.

. C-H stretching
O-H stretching

2978-2842 cm’!

3390-3454 cm’”' C-O-C stretching

C=0 stretching 1280-1041 cm’”'

1721-1707 cm™

Figure 4 FTIR spectra of hydroxybutyrate methyl ester (HBME) (a) and polyhydroxybutyrate (PHB) (b) [11]

Table 4 The fuel related properties of HBME

Property Thailand’s ASTM HBME'  HBME' HBME®
Methyl ester content ( %) > 96.5 not defined 96.8 no data no data
Heating value (kJ/g) not defined 31.5 32.9 25.1 21.1
Viscosity at 20 °C (mm?/s) 3.5t05.0 1.9t0 6.0 53 4.0 3.8
Flash point (°C) not defined 130 to 170 132 68.5 51.0
Pour point (°C) > 12 -15to 10 -7 no data no data

“Data obtained from Junpadit ez al. [13]; "Data obtained from Sangkharak et al. [11]; “Data obtained from Zhang ez al. [3]

Almost all of the properties of HBME passed these standards of Thailand’s and American Society for Testing and
Materials (ASTM). Therefore, HBME revealed the possible ability to utilize HBME as a novel biofuel or fuel additive and

has a feasibility to be used as an alternative biodiesel fuel [13, 21].
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Conclusion and Future Direction

The rise in biofuel demand also increases, limited reserves and negative environmental consequences of fossil fuel
have spurred the search for renewable. The application of polyhydroxyalkanoates (PHAs) as a source of biofuel looks very
promising since it does not require highly purified PHAs, and thus, the PHAs can possibly be obtained from activated sludge
or nutrient-rich wastewater, which does not compete with human or animals for food, resulting in cost reduction.
The utilization of PHAs as a novel substrate for biofuel shows great promise. The recent development of PHAs production
from open and continuous mixed cultures will allow the PHAs to be produced with a very low cost for the biofuel applications.
After using as bioplastics from PHAs, can be methyl esterified to become biofuels, which further extends the PHAs
application value.

Upcoming research should focus on improving the PHAs production in activated sludge or on using wastewater
as a fermentation medium to grow high PHAs, producing mixed cultures. Because the application of PHAs does not require
highly purified PHAs, the production process appears to be much simpler. In addition, improving the HAME production
using different PHAs monomers may contribute to the great potential of HAME as a new type of biofuel. PHB belongs to
short chain length PHAs (scl-PHAs) containing only hydroxybutyrate (HB) monomers. It is important to exploit more new
biofuels; also, it is equally important to improve the quality of biofuels. The development of HAME into biolubricants or

fuel additives may contribute to the diversification of biofuel or fuel additive market.
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Abstract
This study conducted to develop a method for improving tenderness of beef meat using proteinases from tilapia
(Oreochromis niloticus Linneaus) viscera at different concentrations (1, 2, 3, and 4 % (w/v)). Their tenderizing efficacy
was compared with the most popular enzyme, papain. Electrophoretic pattern of muscle proteins revealed extensive proteolysis
and reduction in number of small protein bands in all treated samples. Reduction (p < 0.05) in shear force values were observed
in enzyme-treated samples compared to control. Viscera extract-treated meat samples (4 % w/v) received better scores for
appearance, flavor, juiciness, tenderness and overall acceptability. These results indicated proteinases from viscera of

tilapia can be used as an effective alternative to papain.

Keywords: Tilapia, Proteinase, Tenderization

VNI
A 3| H a % A 2 > : g .

1aiia (Oreochromis niloticus Linneaus) tiuanidawtaniianau Ineiienss Ina iosnniuumaa Tilsou
d' 1 1 dy a 9 1 %;‘ v Y a a
e s ldunaineasnsamnsaestaniialdamuraani Tagiiuanudesnsus Inadariialudlszmalnouas

' 2 3 o o ' a A o @
aaalugmatlszmennuSnannnvumudiey Usinamsdiesnlaiiataznansamivestlszme Inelu il 2560 15

v a g 1 ) a o 4 A A A A a g’; @ 3 a3 Y
3,108.7 Ay Aailuyan 189.5 dum juuuunaasasi]artiandeenuniiga fe aansdusuds Aadluiesas 73.7

1 1 g’/ 1 a [~ a (R~ 4 a "
YOIYAAINTAILONNINYA 5998911 Ao tilplartiausudedesas 23.8 Yartadausauiesas 1.2 odardaumiu
Fowaz 0.7 vazanialaindesas 0.6 vViNAveaNdoams dxlanuuanaany dmsunaialuiesdudssmsiaria

"1in3de, aannmaasuazmaTuTage 11 AngAaIMATIUINEATIAZTINW VHANOIdeinEa 1inge 93210
2 5.5, A1 Inomansiazinn Tulage s auzgaanssuINEATIAZFIMW UM Inodendal 1nge 93210
! Researcher, Department of Food Science and Technology, Faculty of Agro and Bio Industry, Thaksin University, Phatthalung, 93210
* Assoc. Prof. Dr., Department of Food Science and Technology, Faculty of Agro and Bio Industry, Thaksin University, Phatthalung, 93210
* Corresponding author: Tel.: 074-693996 ext. 3403. E-mail address: raider 048@hotmail.com
(Received: April 16, 2018; Revised: May 18, 2018; Accepted: May 22, 2018)



P2 a A a a v @ a
waveuau lwilusAmannniesludaria 4 NIANTUHNINGAVTNHY
f3175 1WA LozANE 10 7 22 a1iui 2 nIngiAn-Tunan 2562

Thaksin.J., Vol.22 (2) July - December 2019

- ' ' a2 o v 1w ' A 1 ' 9 A

Hivwa lulvgiunn fAerimin 150-250 nSuaeas uaaaa luiiedluguazaaramailszmsadosmsarvinalia fe
o v 1w a ' < ' I~ ' L 1o o

wiiniszanm 500 niuaead aravinalvgTaena lazlisimgeaninavnadnnimiianias Jeguiuwola

D Toe S

[ %’ < dya/ ) I a o Al a a [ [ a
naluununnuranimalszms uennniidsawsni luls jldlundanuasian q wandadariiadiuIngazus Tnn
: o & : 4
molulszmaeglugilvestaaaiosaz 89 maulsgiliuay anuisdosas 5 6195eeaz 3 nazguuvou « Sesaz 3
9 Y H
dnnsdatimsasesnlarandsgulununuanaziiodaa lsunieTuaralszme 1dun gty anigewsnm uaz
A o v o g 23 o q Y A gy o & o o
aana udu msveeaves Isesnunlsgddanivh It dagaumae 1dun wiiio mis nszgn nazedorzmeluves
AR a X a A o v o Ay ' A a o
dn1i1a1e o iNadumInne Nnmuimsiamsnuiagaeiaomari ignaewaz lufiUsz@nam Tasmsihiag
A U d" a A 2 o Y 3 Y 2 v [} < o A
wwmasmari Tddsauvsensamzia imldudymawaanedon seelsnandagaumasnnnszurumsulsgil
o ¥ 4 a : a <
dadihlaemmzinseslulsznoudisou lailuiSuugs Taemmzenlad Tsdwa (1] Faoulad T s@maily
7o ° ' a o
u'lmintiniiih llsegnaldlugaamnssuvatodszian 1aun mndaldsiulelaslama myaonmivlal 2]
= o gy &
sadamsin ey [3]
= d’l Y 1 d‘ a A o a 9 d‘ =
vinmsanyuesdunuinmsesTutartialou lsilUsamalulSunugs meldan iz imunzay fiew 9.0
a = o a A a Aaa = . o [ g’%’ =
uazguugil 50 eeruwaidod ou lani ls@manmniesluariialinonssuegh 8,436 Univml ou laninindadthiia
Catalytic Efficiency ganidaiunuazyaunsd shldamnsmimnlszgndlslugaanssuldedraiszansam

' < SRR 4 o o \ A o A ocqud 1 o 2 a0 S v

'l’)fn\iIliﬂﬁ111ENIlllll‘UE]l:ljﬁ'ﬁ18\111!lﬂfJ’Jﬂ‘]Jﬂ’]'5an]fﬂ1%’11«!ﬂ’]ﬁﬂ@ﬂﬁﬁ’]ﬂ!u@?j!W@ﬂWiﬁlu@Hu PNHUUITUIVYUIIYI U
o 79 , X o A A Vo A o

msh lisegndldlumsdosaaeniio Tuieriuyan iaqmasvaaninnsuszi)

[y d ax o A
'Jﬁ@ Qﬂﬂﬁﬂ! HAZIBAUHUDNIT
- oA 4 o . 2 o v 2 A o .
msanmmaveaey lmiTdsamannniedlulariiademsdesaaaiion Tassudeiiaraanenaian
" woA @ = Y J U = Y d" v a s
msamiui 01gveada 3 1 nindiszneumsTudunethwzeon Taslumsfnulddnutionvas vssglugaIna esau
1 ' @ U sol <3 1 ¥ @ [ ’o} o [ 90’ o 1 o a a
ldlunasalnly Tasoasiarutiudadaiio midy 2:1 Gihmiindeimiin) vudundimudImInemansuas
3 A 2
waTuTago s anzima TuTaguagMsWanNguesy viImedenndu Ineuvanngs melu 1 5 Tus niniuiniodn
3 o § A I < 4
lilnusnul3ingungl 4 esrusadod iHunar 2 51w e 14 Tunmsnaasa
=1 Y Y [ o a d' a 1 ] d" 1
1. Apwiwavesnnudutuvosmsanay lyii lsamannaisdlulariasemsdesiiiatn
~ o a
M3tes eutou Tyl s anier
o g A a o A a A o w ) a H <
anaeu laiaimaiealuilariia [4] Tasruasesluartiavansdiunsmea v i@uiiinay
o ' { A 3 ° § { 3 A
Tusasidu 1: 9 naugungll 4 esruwardod 1Hunai 30 v udni luwyumieannnusa 5000 x g gumngil
I 2 ' ' 1 o
4 parniyarFee 1Wunal 30 1 1NiunsedIulad18nIZAENId Whatman No. 1 d@2ule #ldfAeasanaou el
9 9 Fa
dartiadvina 3x3x3 udmasudlnuile M luasasanaou lwiaail
F Y a aan
1) ganuny 1Hinau 15 aaans

a 4 a %’ o
2) ensanaeu sl lUsfnaannnseslulariiadosas 1 Gihmindelsuag) 15 a

=
an

a 4 a %’ v
3) asanaey Tyl lsamnannnieslulariadesay 2 Ghwiinaelsuas) 15 Ua

> &) &)
) DD D) DD
D) D) D) DD
hoj
an

a 4 a H v 1
4) miﬁﬂmau'lcnﬂiﬂimuﬁmnm%ﬂuﬂmua%’aaax 3 (umuﬂmaﬂ?mm) 15 yanaans

a

a 4 a H v
5) msanaey lxillsawannniedlutariadesas 4 (ihwindeSinag) 15 Tadans
4 a 90’ 4
6) 1o i1l (890 SIGMA HRvnssuveaeu el 2.9 Unit/mg solid) Fosaz 0.2 1111in
ao13ua9) [4] 15 Hadanas
: P 2 : o ¢m o v 2y o v Y Y o
TuuaazgelitioManue 4 Fu uaazarsanaeu lsilisiiu 12 g9 uaazdwihmin 2 nfu udwanidnu
o | A o y . v oo ' o ' {
wulugeIndentau Ngamall 4 ssnwaFed vasmivinsguiediumazasanaen lafedeas 3 ga ina
< d' a g
012 24 ua 48 %2114 e 15 lumsasizviae 14
2. N13A33989U TCA Soluble Peptide
asnaoutTinandIndnazareldlunsalasnae lsezdan [5]

3. myasaouguuuTlsau



a v o a o a A a
NIANTURNINGAVNNH waveuou lwiTusAmannniesludaria 4
1 22 p1iud 2 nsngiA-Sunay 2562 11 3178 tunia wazawy

Thaksin.J., Vol.22 (2) July - December 2019

915aﬁlﬁaugﬂnmﬂﬂﬁammgﬁaﬁ"ﬁﬁw'mm'sfiaﬂﬁawmmmu"lcvﬁﬂsﬁmﬁiﬂﬂi%' Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE) Taeld 10 % Running Gel 118 4 % Stacking Gel [6]

4. n3asaeURNBUI T

ATV ARUAN YAz Fufad IR 0931AT 111 H D SR (Texture Analyzer) 317 Stable Micro Systems U
TA-XT Plus Usznasangy TaolFlufiawiia Wamer Brazler Shear Blade (HDP/BS) Taviigasimsindeniivesluiia
(Test Speed) 1R 2 W3/ 317# Taons195as1U9U 20 Sreeiethe

5. msdsziumuilszamdudia

vife iumsataeuliTusawe Tdahudnildoufieumgi 75 esmwavaiiuna 20 1
109 IILUHAAS U0 NARBUANIFBULIY 9-Point Hedonic Scale Taognaaeumuilszamdudaiinnyg
anwsnguaz lasumsineususiuau 50 ﬂuﬁu”lﬂiﬂﬂﬁ”ﬂé"ﬂymsﬂimg nau sand anwsih snvaeiledura
HAZANUBO VI

NaNISIVY
= o a A a 1 1 tﬂ’ 1% @ j) o a
msAnyIvaveseu laii llsamannnsedlulartianemsgeaiion Tasdaiia v 3x3x3 IHUALIAT
1 3 [ [ ~ [ 1 @ 19 <3 = a = a
udrimile P luamsadaeulsinszauanududunanasiundwanldidunoluge Indiensau Agungil
~ I ) o 2 . "W oA ) 4 a Pl
4 parniraiFoa Wunal 48 92 Tus vasmmiuhmsgualeg1aing 0 12 24 uaz 48 511w el lumslinszsiae i
1. M30399a81 TCA Soluble Peptide ttazmsnsdaaeugluulisau
= P aa A o A Y ¢
namsanySnanlundnazae ldluasazarensa lasnae IsezdanainiioSanrunmstudaen Ta]
Tsansaannnioaludariianna 24 uaz 48 ¥ Tua (131390 1) Taeiuiier lurluansazas TCA udhansazate
A s W A P A v v 7 A A A 2
TCA Mfwlu Indazaeed lanszd nuduiioanududuvesen lai Tsamanmnieslulartiagadunaznans
A2 P aa A 2 A o A Ty o a
duinay Punanundnazaieldluasazaiensa lasnas Isezdanmiuuy tosnrumstudiaeon lad Tasdnia
nmsedludlariiannaimsuy 48 ¥ laanudutuveusu laillsdnadosas 4 Usuanlulnanazaieldlu
aa 4 4 1 o a
d1sazaenialnsnae 150z 3AngeNgAfD 0.77 pmol Tyrosine/ g Sample azlon/Souiiousznnaou lagiT)sama
nnnseslulmilavaziou T hah wodieu lsithaluiSinamhy Indhazae 8 lussazaonsalnsnae TsesFanga
' P2 A A A A P ~ ° aa P ' P
nwou laiTsamaanniasosludariia iesoinen laiwudinnuswmnzuaziinenssuveaon laniganinen lasi
- : -~ . - A o .
Tsamannmasedlulariia lieu lmithnluausatantlasesTdsauaniie 32 dunnn
= ~ A o o A o 1y P a A o Yy Y 1
vinmsanugluuy Tsauveailot TaerutoTiudroeu lmiTUsamanszauanududuaieny uag
o a
ou lmithiudesay 0.2 Aremadin Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE)
AN 1 U uauNved lu Tedudumin (Myosin Heavy Chain) U19adauanudutuveaen Tai 1 sama
A A ad 2 44 2 A4 A o A o A o Ay i vy
nnasedludaiiaimisuuaznainiuiy wenSeufeunuganiuau (ileiida) uaziiloTan ludumstudae
o lmifina1i 24 naz 48 5 1w e Midumsiusoeu lmilsdamaanududuiosas 4 inat 48 47 Tusgndes
nniga tazienfFouiousyniaeu lad Tusdwannududuiosas 4 dueu ladihnluanudududesas 0.2
1 L} &) v U a 4
wun eu i Tei i udududosas 0.2 eansadeaiiosn ldaninen lri lsamnaanududuiooas eavinon laf
Tnufianusumzuazinnssuveaen laiganinenlanilUsamannnsesludaria ilmeu lashuuawse
] 1 o g o a 4 a o 3 o [
goallsiuldani duiwen Ty Tdsamanmasea ludarfiasnusarih 1 dumadenunien T ualuldedns
Fa
1132ANTAM Guo-Yan Zhao uazaniz (2012) [7] senunmsgesaaslisaunniiodn Tagldiou T Cold-adapted
o a [
Collagenolytic MCP-01 910 Pseudoalteromonas sp. oulad Tusiauuazion lmiwlu Tag MCP-01 aunsndes Myosin
Yy 3 o v P a P ' i . A H
Iaiisaanitos Tuneassnuduenlad Tustimuuazen lmidluaunsogesaats Myosin taz Actin laNeunaviua
! o = d'd % Y
Naveena LagAMe (2011) [5] i1Emu:nmiaﬂmmawwmuuazmmﬁfmmuaﬂﬂsmumuumuﬂimaqagﬂ (= 65 kDa)
A 2 A Aa ¥ o ° = 1 =
uazmMaNIuYed TUsaunThmin Tuanas (< 25 kDa) uaasnimsdoodatsves 1sAu Myofibrillar



wavowou Iy lsanannasoaludariia 4
#5175 tHunsA uazauy

NIATUHINGGOTINHY
7 22 a1iui 2 nIngiAn-Tunan 2562

~ S Aaa A oA ' P Y Y
MINN 1 ‘IEiJ”Iil!‘lJ?NL‘]J‘Uhh/lﬂ‘ﬂazme]lmuE‘T”Iiax’d”IEJﬂ‘Jﬂqﬁiﬂaﬂiiﬂzmﬁﬂﬂlmmﬂﬂﬂmumi‘umﬂuhl“]m ANUUVNYUAN )

Tunan 24 uay 48 ¥ Tug

Thaksin.J., Vol.22 (2) July - December 2019

X o a ¢ Yy Y
mm'ammau"lmunmmwmu

(%

UANAANY

wlulnanazangldluasazaensalasnaslsozddn

(umol Tyrosine/ g Sample)

24 ¥l 48 2l
YANILAN 0.17 +£0.01* 0.26 £0.01"°
ou e TusAme Jovaz 1 0.30 £0.01™ 0.38 +0.00*
ou o TusAme Jovaz 2 0.38 +0.01 0.50 +0.01<"
ulaiTusAma Jovas 3 0.45 +0.01™ 0.64+0.01™
oulsyTdsawme Jovaz 4 0.55+0.01" 0.77 £ 0.01™
u'lsithnlu fevay 0.2 1.19 +0.02™ 1.28 +0.02™

v o a e [ v [ 1 T

NIName) - AI8nHI NN MY luneduiliRednuuaaInuAIUUANAI (p > 0.05)
v o a =] @ 3 ' o
AENHINVIAN UL AAGINUUAAINANUUANANNY (p > 0.05)
' { 2
AUNAY = SD 1INNTNAGDA 3 H

M co Ccas 1% 2% 3% 4% 0.2%P

AN iﬂgguﬂﬂiaumauﬁa%ﬁrhumﬁu'm’famau"lcuﬁﬂmmﬂgfmsfmiw 1781 24 53114 (a) oz 48 2104 (b)
1 Myosin Heavy Chain, 2: Actin, 3: Tropomyosin, M: MolecularWe1ghs Markers, CO: YANIUAN C24, C48: mm’swmm‘m
frumstinan 24 uag 48 $9Tus auddU 12 3 tag 4 % : e M asaew e sAnenn wiealu
Yaniiafisedunnntudiudoras 123 uaz 4 mudidt 0.2 % p: e frumsudaoen laihnludutudesas 0.2



a v o a o a A a
NIANTURNINGAVNNH waveuou lwiTusAmannniesludaria 4

1 22 p1iud 2 nsngiA-Sunay 2562 13 3178 tunia wazawy

Thaksin.J., Vol.22 (2) July - December 2019

2
2. MIATIAPVINB UL DTN
= [ d’l o % dy @ dl [ ] 9 o a d' a d‘ @
NAMIAPEISAN Uz dURavo Ao TINMIUMIT LN Tl Tsamaninnsoelutlariianszau
Y 9 v w P = Y Y A ' A Y 9 7 a
ANt uazieu i hauianudutudesas 0.2 Maias  wudeanuuduveuou i Tisania
A 2 A A o A ~ o A ~ A A o ' '
mnvunssReuveoMasauionSsuisunuyaniugy nazilonsoufeuns udouveuiio i luuaagznar wun
9 1 v Y T Y Y
usuReuYRdieIzanauioszeznanivIwloSsuifeunuganIuaAN ATUAINITUNMITEEART0ILD I
" a A a é‘ [xY] Yy 9 o* a Aq Y d" o =
Taorou lani Tsamannasoslulartiaduegiuanududuveseusi T samanaz szoznanlgiuiiodn (5190 2)
A { § < o P { g S
ou'lai Tdsamananudududosas 4 Naan 48 ¥ Tua Busudoulndideaduen e wlundlueu Tyinley
TUN1IMIMAD 5,992.15 ATV AL 5,228.38 NFU mudIAY

a = A o A Y 1 oA @ Y 9 T o A '
AN 2 !Lﬁ\ilﬂE]‘L!‘U'é]QLL!'é]'JTV]WTL!f‘l'liﬂ'!lfJ‘]Jlll'é]‘L!hl“lfll‘ﬂi3ﬂUﬂ’NilHJiJ"'UHLMﬂﬂNﬂH NN 9

A A o a ¢ A ' v
usamﬂmmmm‘mumau”lmumamma (NIN)

e nvmeu ol B B B B
0 %239 12 9249 24 ¥4 48 ¥4

C 11,541.20 £30.05™  10,504.54 +29.68"  9,531.13 +19.30" 9,169.32 = 10.58"™
1% 10,871.51 £40.05*  9,481.86 + 25.06* 8,661.88 + 61.26" 8,143.01 + 50.24™
2% 10,557.66 +£23.75*  8,727.16 + 64.25™ 7,802.62 +20.51™ 6,989.09 + 50.25™
3% 10,741.95 £25.78*"  8,195.078 £35.87°  7,042.95 + 77.46"° 6,534.99 + 10.24“
4% 10,310.03 £24.38"  7.327.43 + 49.74% 6546.44 + 56.54% 5,992.15 24 44>
0.2%P 10,543.76 £ 15.21™  7,082.17 £ 73.77* 5,860.27 = 56.03"° 5,228.38 + 56.44"

Y a o ] o o [ 1 1 o
NINaMe - A9 I NN MY luneaulidednuuaaInuANUUANA Y (p > 0.05)
Y a @ [ 1 1 % 1 o
AONEINNNEAN LD AR INULETAINTANULANAN TUAIBEUASINU (p > 0.05)
. y
ANNAY + SD 1INNTNAADI 3 F1 n =24
C: gANIUAN
A o A vy o P2 A A A A o Y 9
1,2,3 8% 4 %: o nrmumstusrsansanaeu lai ldsamanmnie lularianssan anududu
fovaz 1,2,3 Uag 4 MU,
¥ o A oy ¢ Y 9 v
0.2 % P: o Pnrumstuaeeu lasihulwdududesay 0.2

3. msdsziuduilszamdudia
A g o o o A o . o P a o o

nnmsdsziusmszamduia Taoiuio T hliuasanaeu lmilUsama nSeuieunou lsimu
A ) = < < Y o v ¥ = a = 3 =
Nguvgh 4 esruraFoaiilune 48 51 Tus udniludrai eunguvgl 75 esrwaBoaiiluna 20 w1 nadou

2 a o 3

AMUFOULLY 9-Point Hedonic Scale Taggnaaeudiuiu 50 aulasasivdoudnymzlsing nau sama anudn
o ¥ o o v A o A o P a
anvazilodudmuazanuwe s wulnileiuusemsanaweu lad Tsamadudu Seoaz 4 gnadouneaiu

K o 2 o 3 o ¥ o o !
Uszenndudaliazuny dnvazilsng nau anudnh dnvaziledurdazaNuyeUTINGINgane 7.10 7.60 7.75

4 Y 1 1 Y

8.00 Az 7.95 AzMUUMNAIND anvuziieduidveuiie IgaaIuaulunain o 1dsuazuun 5.75 1ileeniniiie i

2 T Y v Y
Ndnvaziledudanmiler Moo uazazuuumssziiudnvasmalszendudadiy nau tazsamfvouiio

]
A 1

Y P Y 9 v Yo o o A A a A o
Aeumstudeeu lnithnhadududesas 0.2 TasUAZIUY 5.65 1AL 5.65 MU 1HBINNAULEAZTTMAVDAULD T
A A aa A’I [ o Y Y a 1 Y dl a 9 3 £
Unautazsamanalinmiie Heuganiugy mldgnaaendu lisensy ms19h 3) andsaiudulszamdudia

' 7 a 7 v A o A vy & A Yy Y
nFeumeuszrnaeu o Tsamauazeu Tl ulunuiiiie ndumstudlroey lsi lilsammiuiuiovas 4
v ' o Yy 9y v ' P2 a A A °
I@nzuuunnureusmnnanInen lydihawduiudesas 0.2 uaasiuou lai lisamanmasesalulariaansosiun

y
TFunueu lesithnlulumsi ldilevs 1dedatilsza@nam



P2 a A a a v @ a
waveuau lwilusAmannniesludaria 4 NIANTUHNINGAVTNHY

3175 (MUKINA LazAME 14 7 22 a1iui 2 nIngiAn-Tunan 2562

Thaksin.J., Vol.22 (2) July - December 2019

~ A ) v o A o A vy P2 A & A A o
M9 3 Mmslszdiuneaudszendudaveaiio nrumsuuamaen lyd lUsamanmniesludariianszauy
AN TUA 9] A 48 F2 T4

o \ &, % d‘ | % J Yy Y \ Q'J
GI’JBEI1Q!1!i’)’J’JﬂﬂNﬁ1iﬁﬂﬂ!i’)1ﬂ°‘HNﬂ’nuﬁlN‘UHﬂN"] 130148 Falug
ANHUSNI

dszammanta  ¥Owan  yamugy  lilbs@me Tds@a Ts@oa Tds@a vk
0%0ns  48%3lna  Fewaz1  Zewaz2  3ewaz3  Fewaz4  3ewaz 0.2

anbzling 680061 645+0.51° 6.65+049 65+051° 675+£133° 7.10+£045 6.80=0.41"

nau 6.65+049° 6.65+0.67° 620+041° 635+£049° 7.45+0.51° 7.60+0.68° 5.65+0.81°
FEIA 7.05+£0.51° 6.95+051° 7.60+0.50° 7.30+£047° 650+0.61° 7.20+0.61* 5.65+0.49°
ANRN 630047 6.65+074 625+055 740+050° 725+064° 7.75+044° 7.10=0.64°

anvailoduia 575+ 085 6.65+049° 620+041° 645+0.76° 7.65+0.67° 8.00+0.56° 7.45+0.51°
ANNBDUTIN 6.50+£0.51° 6.60+£0.50° 630+047° 635+04" 7.45+051° 7.95+0.51° 5.90+0.30°

Wineme : ienusnaiu luniRenuuaaanianuuanaani (p > 0.05) Aunae + SD MINANATOUTY 50 AU

=) a W
msenlnewnanazagiuansise
=Y 4 a 1 1 t&‘ % ) 4
msansmavewou lmildsamuannnioslulariasemideaiiod Tasweulal ldsamannaiodly lai
a ] Y ti’ @ Y =} a a o g‘/ o a A a ] )
Hamusodesaatsnaiiiodd laegraiidszansnw aaiueu laildsamanmaselulariiatiazansaiily
& cqgu X 1w
Uszgnd 15 ugaeunssumsiliileyn1d

19NE1501909

[1] Shahidi, F. (1994). Proteins from Seafood Processing Discard. In E.Z. Sikorski, B.S. Pan & F. Shahidi, (Eds.). Seafood
Proteans, 171-193. New York, USA : Chapman & Hall.

[2] Shahidi, F., & Kamil, Y. Y. A.J. (2001). Enzymes from Fish and Aquatic Invertebrates and Their Application in Food
Industry. Trends in Food Science and Technology, 12, 435-464.

[3] Naveena, B. M., Kiran, M., Reddy, K. S., Ramakrishna, C., Vaithiyanathan, S., & Devatkal, S. K. (2011). Effect of
Ammonium Hydroxide on Ultrastructure and Tenderness of Buffalo Meat. Meat Science, 88, 727-732.

[4] Klomklao, S., Benjakul, S., & Visessanguan, W. (2004). Comparative Studies on Proteolytic Activity of Spleen Extracts
from Three Tuna Species Commonly Used in Thailand. Journal of Food Biochemistry, 28, 355-372.

[5] Klomklao, S., Kishimura, H., Benjakul, S., & Simpson, B.K. (2009). Autolysis and Biochemical Properties of Endogenous
Proteinase in Japanese Sandfish (4rctoscopus japonicus). International Journal of Food Science and Technology,
44, 1344-1350.

[6] Laemmli, U.K. (1970). Cleavage of Structure Proteins during the Assembly of the Head of Bacteriophage T4. Nature,
277, 680-685.

[7] Zhao, G. Y., Zhou, M. Y., Zhao, H. L., Chen, X. L., Xie, B. B., Zhang, X. Y., He, H. L., Zhou, B.C., & Zhang, Y. Z.
(2012). Tenderization Effect of Cold-adapted Collagenolytic Protease MCP-01 on Beef Meat at Low Temperature
and Its Mechanism. Food Chemistry, 134, 1738-1744.



VNANNIVEY

Y o o d v
mswmmgmmmwammmmaﬂiummﬁimm’mm
Formulation of Amomum biflorum Jack Air Freshener Gel
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Abstract

This study was to formulate air freshener gel containing essential oil of Amomum biflorum Jack. Four formulations
were composed of 0 %, 2 %, 4 % and 6 % essential oil. They were prepared and used for the assessment on 100 volunteers.
The aroma-liking score of formulation containing 2 % essential oil was significantly higher than other formulations (p < 0.05).
The physical stability test at 25 °C and 40 °C for 1 day showed that there were no changes in odor, color and gel texture.
There was reduction of odor and gel texture dried out after being kept at room temperature for 90 days. GC-MS analysis of
Amomum biflorum Jack essential oil and freshly prepared gel showed that there was difference in the major chemical
component of Amomum biflorum Jack essential oil and freshly prepared gel, Limonene and Benzoic acid, respectively.
Freshly prepared gel found Benzoic acid because Sodium benzoate was a preservative. In addition, three chemical components,

Camphor, 3-Selinene and a-Terpineol were found in Amomum biflorum Jack essential oil and freshly prepared gel.

Keywords: Air Freshener Gel, Amomum biflorum Jack, Essential Oil, GC-MS
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Performance Comparison of Automatic Para Rubber Tapping Machine and Jeh-bong Knife
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Abstract

The research studied the tapping performances of the automatic para rubber tapping machine and Jeh-bong tapping knife
by using the RRIM 600 clone rubber trees at 7 years of age in Surat Thani Province. The Jeh-bong tapping used s/3 d1 3d/4 system.
The obtained average values of tapping depth was 5.6 mm, tapping distance was 17 cm, bark consumption was 1.9 mm/tapping or
26.5 cm/year. The tapping rate of Jeh-bong knife was 0.8 cm/s. The machine tapping performance was then compared to that of the
Jeh-bong knife tapping. Its bark consumption was 2.8 mm/tapping which was similar to that of the knife. Its tapping speed was
0.24 cm/s which was slower than the knife. Its tapping depth and distance were 3.0 mm and 9.0 cm and these values were less than
that of the knife. Based on the obtained tapping performance, there was a need to improve the machine which is too heavy.
The excessive weight demanded a high power from the motor driving the vertical motion and slowed down the blade. A light and
strong material shall be used. The inconsistent tapping degree was due to the varying distances between the guiding rail and the tree
trunk, consequently, it affected the tapping depth and consistency of the tapping. A blade carrier which can control its distance

from the tree trunk or with an adjustable tapping degree shall be applied.

Keywords: Pararubber, Automatic Para Rubber Tapping Machine, Jeh-bong Tapping Knife
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Abstract
The purpose of this paper is to introduce a new algorithm for finding a common fixed point of G-nonexpansive mappings
on a Banach space. Under appropriate conditions, we prove a convergence theorem for the sequence generated by the proposed

algorithm.

Keywords: Directed Graph, Fixed Point Theory, G-Nonexpansive Mapping

Introduction

Let G= (V(G),A(G)) be a directed graph (digraph) where ¥ (G) is a set of vertices of graph and 4(G) is a set of
ordered pair of element of J/(G). We call the elements of A(G) arcs or directed edges. We assume that G has no multiple edges.
We denote by G the directed graph obtained from G by reversing the direction of edges. Thatis, A(G™) = {(y,x):(x,y) € A(G)}.
A weighted directed graph is a directed graph in which a number (the weight) is assigned to each edge. Let X and Y be vertices
of G.Apathin G from x to ) oflength Ne NuU {0} is a sequence {xi}jio of N+1 vertices for which X, =X X, =y
and (xl.,xm) € A(G) for i=12,...,N—1. A directed graph G is weakly connected if there is an undirected path between any pair
of vertices, and strongly connected if there is a directed path between every pair of vertices. A directed graph G issaidtobetransitive
if, for any x,y,z €V (G) such that (x,y) and (y,z) are in A(G), we have (x,z) € A(G).

Let (E,d) beametricspace. Amapping 7' : E — E issaidtobecontractiveifthereis 0 < k <1 suchthat d(Tx,Ty) < kd(x, y)
forall x,y € E. A mapping T is said to be nonexpansive if d(Tx,Ty) < d(x,y) forall x,y € E. Recall that a point x € E is a fixed
point of a mapping T if Tx = x . The set of fixed point of 7" is denoted by F (7).

Theorem 1.1 [1] Let (E,d) be a complete metric space and T : E — E be a contractive mapping. Then 7 has a unique

fixed point.

Let E be a Banach space with the norm II. A Banach space E is said to be strictly convex if <1 forall x,yeE

‘x+y

with [|x[|= ||y|| =1 and x# y (see [2] for more details). For a sequence {xn} of a Banach space E and a point x € E, the strong

convergence of {x,} to x is denoted by x, — x.
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Lemma 1.2 [3] Let E be a Banach space and B, (0) = {x cE:lxd<r,r> 1} be a closed ball of £. Then E is uniformly
convex if and only if there exists a continuous, strictly increasing and convex function g =[0,00) — [0,0)with g(0)=0

such that
lax+(=y < Alxl + =2y - 20-D g (Jx- )

forall x,y € B,(0) and 1 €[0,1].

Lemma 1.3 [4] Let £ be a uniformly convex Banach space and {@,} be a sequence in [a,1—a] for some a €(0,1).
Suppose that the sequences {x,} and {y,} in E are such that lim sup|
=0.

ax,+(1-a,)y,

=c where limsup"x" ||S ¢ and
n—»0

Ko = Y

Let C be a nonempty subset of a Banach space E. A point P in C is said to be a strongly asymptotic fixed point

lim sup" yn" < cforsome ¢>0. Then lim
n—w Nn—»0

of T [5]if C contains a sequence {x,,} which converges strongly to p such that lim ||xn —Tx, || =0. The set of strong
asymptotic fixed point of T’ is denoted by F(T).Let C bea nonempty subset of a ;;CIC Banach space £ and A denote
diagonal of the cartesian product Cx C . Consider a directed graph G such that the set ¥ (G) of its vertices coincides with
C and the set of its edges with A < A(G). We assume G has no multiple edges.

A mapping T :C — C is G-nonexpansive (see [6]), if T satisfies the following conditions.
(i) T preserves edges of G, i.e.,

(x,7) € A(G) = (Tx,Ty) € A(G), ¥ (x,) € A(G);

(ii) T non-increases weights of edges of G in the following way:

(x,y)e A(G) = ||Tx—Ty|| < ||x —y||,V(x,y) € A(G).

Example 1.4 [7] Let £ =R and C:[O,%} with norm ||x—y||:|x—y| and let G=(V(G),A(G))be such that
V(G)=C, AG)={(x,y):x,ye [O,%} such that |x—y| S%}. Define 7:C — C by

8¢ irxend),

Tv= 625 1 ’
— if x=—.
64 i x=3

Note that 7"is G-nonexpansive.

The study of fixed point theorem on Banach spaces were investigated by many authors (see [8 - 14]). In 2008,
Jachymski [15] proved generalizations of the Banach’s contraction principle in complete metric spaces endowed with a
graph. In 2015, Tiammee et al. [7] proved Browder’s convergence theorem for G-nonexpansive mappings in Hilbert spaces
with a directed graph. The study of fixed point theorem for G-nonexpansive mappings in Hilbert spaces and Banach spaces
were investigated by many authors (see [6 - 7], [13 - 16]). In 2017, Suparatulatorn et al. [17] proved a strong convergence
theorem for two different hybrid methods by using CQ method for a finite family of G-nonexpansive mappings in a Hilbert
space. Recently, Saewan et al. [18] proved a strong convergence theorem for three-step iterative scheme for G-nonexpansive
mappings under condition (II). In this paper, inspired and motivated by the works mentioned above, we introduce an iterative
process for finding a common element of G-nonexpansive mappings in Banach spaces E endowed with a directed graph

G and we prove the strong convergence theorem under the appropriate conditions.

Materials and Methodology
1. Studying and investigating on the fixed point problem.
2. Studying and investigating on a directed graph.
3. Studying and investigating on the G-nonexpansive mapping.

4. Establishing a new theorem of the fixed point problem for G-nonexpansive mappings on Banach spaces.
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Results

In this section, we prove a fixed point theorem for G-nonexpansive mapping in a Banach space endowed with a
directed graph. First, we begin with some well-known results and useful definitions that will be use in results.
Property G: Let C be a nonempty subset of a normed space £ and let G = (V' (G), A(G)), where V(G)=C, be a directed
graph. Then C is said to have Property G if every sequence {xn} in C converging weakly to x € C, there is a subsequence
{xnk } of {x,} such that (xnk ,x) € A(G) forany keN.
Lemma 3.1 ([7]) Let £ be a norm space and G =(V(G), A(G)) be a directed graph with V'(G) = E. Suppose T: E — E
is G-nonexpansive mapping. If £ has a Property G, then T is continuous.
Theorem 3.2 ([7]) Let E be a norm space and let C be a subset of E having Property G. Let G =(V(G), A(G)) be a
directed graph such that V(G)=C and A(G) is convex. Suppose T :C — C is G-nonexpansive mapping and
F(T)xF(T) < A(G). Then F(T) is closed and convex.
Lemma 3.3 ([19]) Let the sequences {a,} and {5, } of real number be satisfied:

a,,<(1+8)a,, where a,>0, 5,>0, Vn=1,2,3,... and i@ <.

n=1

Then (i) lim a, exists. (ii) If liminfa, =0, then lima, =0.

n—o n—m n—w

Definition 3.4 Let C be a nonempty subset of a real Banach space E. If F(T) is nonempty, then T is call semi-compact

if for a bounded sequence { xn} in C with lim ||xn —Tx,

=0, there exists a subsequence {xn‘ } of {xn} suchthat x, - peC.
Next, we introduce a new iterative scheme for finding a common fixed point of G-nonexpansive mappings in a real
Banach space as follows.
Theorem 3.5
Let E be a real Banach space and let C be a nonempty closed convex subset of E endowed with a directed graph
G =(V(G), A(G)) such that ¥ (G)=C and A(G) is convex. The mappings 7, (i =1,2,3) are G-nonexpansive from C
into itself. Assume that F = mf;l F (7:) is nonempty and closed subset of C . For an initial point x, € C, define the sequence
{xn} in C by the iterative schemes:

‘xn+1 = (1—05 ,l)xn +an,17}yn’

yn :(1 n,Z)xn+an,2T22n9 (31)
z, (1 3

—-a
24

)%, +a,,Tx,,

Where {an’i}; are real sequences in [a,1- ] for some o e (o,%).

If the graph G is transitive and for u € F be such that (x,,u),(y,,u),(zyu),(u,%,),(u, 3, ).(4. 2, ) € A(G). Then
D) (5,00), (100)- (20002005, ), 00,2, (1:2,). (5,03, ), (702,) and. (x,.2,) are in A(G).

(ii) limJx, —u] exists.

(iii) lim"T;x” -x,|= 0,fori=12,3.

(iv) Assume that liminf d(x,,F) =0, where d(x,F)=inf

peF

|x - p" Then {x,} converges strongly to a common fixed

point of F.

(v) Assume that 7, is semi-compact for some i =1,2,3. Then {x,} converges strongly to a common fixed point of F.

Proof. For uekF, (xo,u),(yo,u),(zo,u)eA(G) and T (i=1,2,3) are edge-preserving. Then we have
(Tyy.u),(Tyzgu),(Tyx,,u) € A(G). By the convexity of A(G) and (T,ye,u),(x,,u) € A(G), we have (x,,u) e A(G).
By edge-preserving of 7}, then (T3x1,u)e A(G). By the convexity of A(G) and (T3x1,u),(x1,u) € A(G), we have
(z,,u) € A(G).By edge-preserving of T}, then (7,z,,u) € A(G). By the convexity of A(G) and (T,z,,u),(x,,u) € A(G),
we have (yl,u) € A(G).For (xk,u),(yk,u),(zk,u) € A(G) . Since A(G) is convex and T,,i =1,2,3 are edge-preserving,
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then (Ty,,u),(T,z,,u),(Tyx,,u) € A(G). Since (x,,u) and (T,y,,u) € A(G) and A(G) is convex, then we get
(1 O )(xk ’”) T, (];yk 7”) = ((1 O )xk +ao Ly, ,u) = (xk+17u) € A(G). (3.2)

By edge-preserving of T, then (Tx,,,,u) € A(G) . Since (Tyx,,,,u),(x,,,,u) € A(G) and A(G) is convex, we get
(1= 03 ) (%o t) + @y (Tx5w) = (1= @) X + @ ToXi54) = (2,051) € A(G). (3.3)
By edge-preserving of T}, then (7,z,,,,u) € A(G). Since (T,z;,,.u),(x,,,,u) € A(G) and A(G) is convex, we get
(1=, ) (%ou) + @5 (Tzu) = ((1 — 0y, ) X+ ak’szzkH,u) = (Vo) € AG). (3.4)
By induction, we get (x,,u),(,,u).(z,,u) € AG) forall n>1.

For(u,xo),(u,yo),(u,zo) € A(G) by a similar argument that (u,xn),(u,yn ),(u,zn) € A(G).From the transitivity of G
that (xn,yn),(yn,zn),(xn,zn) € A(G).

Next, we show that lim"xn —u" exists.
n—w

>

For u eF and (xoau)a(yoau)r(zoau):(u’xo)5(u»y0)s(uazo)eA(G)~ Notice that
||'xn+l _u" = || l_an,l )xn + an,lTiyn _u"

I-a,,)|x,

I-a,,)|x,

1-a, l)"x ~u|+a,, "(

(
(

—ul+a,, |y, —u|

=

i +a,,
w2 )%+, Tz,
1-a,,)
)

1-a,, )%, —u|+a,, |z, —u])

1-a,,)|x

v

X, — u|| +a,, ||Tzzn - u||)

l-a, 1)||x —u||+a

(
(
(
(
(
(1-a,,
(
(
(
(
(

g xn—u||+ a, (1-a,, xﬂ—u||+anlaﬂ2 —u" (3.5)
l-a,, ||x —u||+a (1-a,, ||x —u||+a s " 03 ) X +an,3T3xn—u||
I-a,,)|x, —u|+a,, : x, —u|+a,, 3xn—u")

o~ —

)

) (1-
1-a,,)|x —u||+aﬂ1an2(( -a,,

) (1

) |,

;)
)

=, )|, —ul+ @,q v, ~ul)
)

)
)
)
)

n
1-a,,)|x, —u|+a,, (1-,,)|x, —u|+a,q, (
l-a,, xn—u||+ot,,’l l-a,, xﬂ—u||+anlaﬂ2( u||
l-a,, ||xn —u||+ocm1 ||xn —u"

It mean that, lim"xn —u" exists. Then {x,} is bounded.
n—»0

Next, we show that lim"Tixn -x,|=
n—»0

Let y e F, there exists » >0 such that ||xn —u" <r, ||yn —u" <r and "Zn —u" <r forall n=>1.
Put c= lim"xn —u"
n—o

If ¢ =0, then by G-nonexpansiveness of 7, (i=1,2,3) and lim"xn —u" exists, we have

X, — X, —u|| ||u Tx, n—xn":O.

n

If ¢>0,by Lemma 1.1 and T, is G-nonexpansive, we have
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s -, 5
B "(1 % )(xn ~u)+a,,(Tx, —M)"2
: (1 = ) "x" - ”"2 +a,; "Tsxn - M"2 —Q,; (1 -, ) g ("Tsxn -X, ")
<(1-a,s)lx, —u||2 +a, || T, - “"2

< (1-a,0 ), ol + o, o
We have
11mj;1p||zn —u|<c. (3.6)
* we have
yn—u"z:"(l—anz)x +an2Tzz ulf
=), —u) v, (T2, ~u)f
<(1-ayo ), + [z, e, (11,0 (1T, )
< (1=, )l —ul + . Tz, —olf
<(1-a,. ), ~alf + sz, o
<(1-ao )b, =l + o, —uff
=[x, -~
Thus
lim sup"yn —u|<e. (3.7
vy =uf <[, —ul s we nave
||xn+1—u|| :" l—a V)X ta, Ly, - "2
== =) e (B~
< (1= )b, =l + e [Ty, —ull = e, (1= ) g ([T =, )
<(1-a,, ), —ulf —ull ~a, (1=a,,)g(Ify, =)
< (1= ), =l + e v, —ul ~ e, (1-a,,) g (I, —x])
=[x, —uff —an,l(l—an,l)g(llﬂyn—xn )
Then we have that
@, (1=t,,) & ([T, =5, ) <o =) =l el (338)
Since lim |x, —u| exists, we have that
lim  g(|7y, —uf)=0.
Thus
lim [Ty, -x,|=0. (3.9)

Since 7] is G-nonexpansive, we have
I, =l <lfx, =Ty [ +[75, =T < s, =Ty, [+, =],

From (3.9), we have that
i, <t (J, =) 5, 1) = tim], .

Then
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CS]il’:Liilf"yn —u" (3.10)
From (3.7) and (3.10), we have
1§1;||yn —u|=c. (3.11)
Since
2

yn _u"2 = an,ZTZZn +(1_an,2)xn _u"

2

a,,(Tz, —u)+(1 —an,z)xn —u"
<a,a|[Tz, —ul +(1=a,0)v, —ul =2 (1=, ) 2|7z, —x)|
<aalle,—ul +(1=a ), —uf ~ @, (1-a,) g1z, =

2

<, —ul + (1= )l ol - 2,2 (1=, ) gz, =

2
=[x~ ~a.. (1-a) e[z, |

Ttimply that @, ,(1-a,,) [Tz, x| <[x, —u| ~|v, —ul-
Since lim|x, —u|= cand from (3.11), then we have lim g|7,z, —x, || =0, we get

li_rg"Tzzn -x,[=0. (3.12)
since [[v, ~u[ <, =Lz, |+ |z, ~ T < v, = Loz, |+ ]z, ~u]-
From (3.12), we get 122"2 —ul| > 152||x —ul, thus

liminf ||z, —ul|> c. (3.13)
From (3.6) and (3.13), that -

lim||z, —u =c. (3.14)

n—om

Since

z, - =|(1-a,,)x, +a, T, —uf
=(1=,) (3, =)+, (T, =)
<(t-a)x, —ul +a,, 1w, —uf ~a,.(1-a,.) g (|Tx, = x[)
<(1=a,a) |l + @b, ~uff e, (1-,) g (|Tx, ~x,])
=[x, —ulf ~a,; (1-a,) g (|7, —=,)-

Then @ (1-a,)g (|75, ~,]) <[, —uff =z, ~af

Since lim"xn —u" =c and lim"zn —u" =c, we get limg(||T3xn —-X, ||) =0. From Lemma 1.2, we get
n—o n—o

P
lgg||gxn -x,[=0. (3.15)
Since 7, is G-nonexpansive,
||T2xn —x,||< ||T2)c,l -T,z, +||Tzzn -x,[|< ||xn —z,|+ ||Tzzﬂ -X,

=[x, =, [ +[7z, x| < |, =, +]Tz, -

From lim"Tzzn —-x, || =0 and lim||T3xn —xn" =0, we have
n—»0 n—»%0

lim |73, — x| =0. (3.16)

Since 7 is G-nonexpansive,
17, = x| < |, =T |+ 70, = %) < e, = v |77, =]

< "TZ‘xn _xn +||T2yn _xn

= an,2 I‘2xn - xn

+||Ty, - x,
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From hm"szn —-x,
n—»0

=0 and lim"szn —x,[=0, we have

=0.

lim"]]xn -X,
n—0

F)<d(x

From the assumption liminf d(x,,F) =0 and from (3.5), we getd(x . F). By using Lemma 3.3 (ii), we get

n+12

limd(x,,F)=0.Since liin X, —u" exists and {xn} is bounded, we get that, for any & >0, there exists a positive integer
n—o n 00

& e .
n, such that, ||x, —u" < 3 for n > n,. For any positive integer 7, we obtain

xnm—xn||S X —u||+||u—xn

n+m

X —u||+||xn —u" <

n+m

x, —u+

X, —u" < 2||xn —u" <e.

Thus, {xn} is a Cauchy sequence in E. Since E is complete, then there exists an element ¢ € E' such that {xn} —4q.
Because {xn} < C and C is closed subset of E, then g € C. Since F = mf;lF(ﬂ) and F(T) is a closed subset in C for
all i =1,2,3 and from the continuity of d(x,F) with d(x,F)— 0 and x, > ¢ as n—> 00, we have d(q,F)=0. It follow
that g € F'. From the assumption 7, is semi-compact for some i =1,2,3 and from{xn} is bounded, there exists a subsequence

{xnj} of {xn} such that x, >qeC as J —> . By continuity of T;, we get hi{} Ix, —x, " =||q—7;q|| forall i=1,2,3

then g € F.The proof is complete.

Remark If «,; =0, then Theorem 3.5 reduces to the results of Tripak [15].

Discussion
The result of this paper holds under the assumptions that the some mapping is semi-compactand liminf d(x,, F) =0.

We construct and prove a new convergence theorem for G-nonexpansive mappings in a real Banach space endowed with a graph.
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Abstract

Ash from bioelectric power plant (B-ash) is basidic by-product. Thus, using it to correct acid soil compared to
calcium hydroxide liming was tried out. Completely randomized design consists of 5 treatments: non-liming, calcium
hydroxide liming to raise soil pH to 6.5, B-ash: soil, 1: 4 (v/v), B-ash: soil, 1:2 (v/v) and equivalent to calcium hydroxide
adding for raising soil pH to 6.5 was used. Growth, yield and yield components of baby corn in B-ash treatments were
higher than calcium hydroxide treatment. B-ash treatments could raise soil pH, decrease exchangeable acidity and exchangeable
Al and increase available plant nutrients but decrease extractable Fe. Whereas, trace elements were decreased in calcium
hydroxide treatment, especially Fe and Mn. Thus, to prevent over-liming, it should add B-ash for adjusting soil pH to
6.5. B-ash in the rate of 1:4, B-ash:soil (v/v) should be applied to strong acid soil without testing lime requirement of the

soil and B-ash equivalent to calcium carbonate.
Keywords: Ash from Bioelectric Power Plant, Calcium Hydroxide, Soil Management, Acid Soil
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Abstract

Problems of falling are particularly vital safety in seniors. For these reasons, increasing a useful fall prevention approach
is necessary to relieve the infliction of falls. This study focuses on a dynamic threshold model for real-time pre-impact fall detection
that enables the falls to be identified before the body crashes to the ground. The velocity of head and chest position and the center
of gravity of the subject body used for the feature combination classified by fuzzy inference for pre-impact fall detection. It only
needs subjects to wear some tiny coin-size sensors that combine with the Kinect sensor, vision-based, without recording any data
due to privacy issue. The dynamic threshold-based model with stereotypes suitable for an individual one, is applied for real-time
fall and non-fall classification for the longest lead time of pre-impact fall detection. Moreover, the various kinds of integration of
single, multiple, and triple Kinect combined with and without the wearable device are evaluated. The 14 rules of Sugeno fuzzy set
defining the falling posture, movement transitions, and comparison of the different combination of devices are inferred first, whereas the
final decision is produced through thinking and trigger on such fuzzy sets. The experimentation result found that the highest
lead-time of pre-impact fall detection is 549.83 ms. However, the integration method that combined multiple Kinect with the wearable
device can reduce camera overlapping and obscurity with the highest accuracy about 98.09 percent. Vice versa, the method using only

multiple Kinect without the wearable device provide lower accuracy than 93.00 percent.

Keywords: Fall Detection, Pre-Impact Fall Detection, Dynamic Threshold, Fuzzy Logic, Fall Detection in Elderly
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Introduction

Falls are a vital safety interest, particularly in seniors. Almost 28-35 % of seniors aged 65 and over fall at least
once every year [1]. For the sake of minimizing the impacts of aging as the human constitutional failures, therapeutics are
designated. Besides, seniors are likely to recurrent falls after a fall-related occurrence. Those frequently leads to the lack of
movement and self-sufficiency [2]. For these reasons, increasing a useful fall prevention approach is necessary to relieve the
infliction of falls, particularly in seniors. After fall movement detection is supposed to admit proper therapeutic support for
fall patients, consequently avoid accidental injuries caused by long lie syndrome [3]. Dissimilarly after or post-fall movement
detection, pre-impact fall detection is accomplished to defeat the conditions specified earlier. Pre-impact fall detection

relates to the method that enables falls to be identified before the body crashes to the ground (i.e., the body-ground collision).

Related Work

Pre-impact fall detection method is a significant application that has been used to save a person who takes risks
[4-7]. Not only those issues but cost, noise, privacy, the complexity of computation and the suitable threshold value for
pre-impact fall detection also are concerned [8]. Currently, most fall detection methods are not only using wearable and
ambient based devices but also vision based. Although wearable devices [9] are low cost and small size electronic devices
that can be attached to clothing or wearing in body parts, such as gyroscope and accelerometer [10]. Some of the essential
problems of wearable devices are most people usually forget wearing them. Therefore vision-based approach has been
developed and used for collecting information on human activities of daily living. However overlay, obtrusion, and occlusion
in vision-based approach [11] are some of the essential difficulties.

According to Wu, G. [12], Activities of Daily Living (ADL) is monitoring of human walking, sitting down,
picking up an object, rising from a chair and lying down on the bed. The body [12] or head [8] movement have been
measured in both of vertical and horizontal of velocities and accelerations. During fall accident, the velocities in both of
magnitude changing and timing of the magnitude changing will be increasingly higher than normal activities and will be
triggered for fall alert. However, the only velocity of movement features not enough to classify ADL and falling event more
accurately.

As the vertical projection [13] of the center-of-body onto the ground, it has usually been called the center of
gravity (COG). Generally human would not fall when the projection of COG within the base of support which is formed by
both human feet on the ground [14]. Vice Versa, the falling would be the high possibility while the projection of COG is
outside of the base of support. The threshold-based algorithm was proposed by Bourke et al. [15] to differentiate fall and
activities of daily living. However, a fixed threshold value cannot accomplish well for all ADL due to the difference of their
attributes. If it is determined too high, there is the high possibility that some falling accidents were still undetected. Vice
versa, if it is too low, the detection system generates false detections.

Furthermore, fuzzy logic models the ability to emulate the rational way of thinking to efficiently appropriate
methods of thinking that are estimated rather than specific [16]. Among fuzzy logic, we can intimate mapping rules attending
linguistically logical variables rather than quantities. Processing the statements provides us the possibility to reveal
imprecision, ambiguity, biased truth and threshold [17]. According to Takagi—Sugeno (TS) fuzzy inference system has been
used to trigger a fall alarm utilizing the information about the person’s motion and the distance of gravity center to the
ground. The Sugeno method of fuzzy inference had been Introduced in 1985 [18], this technique is similar to the Mamdani
approach in many regards. The first two components of the fuzzy inference method, fuzzifying the inputs and utilizing the
fuzzy operator, are similar. The main contrast between them is that the Sugeno output membership purposes are either linear
or constant.

In this study, we focus on a dynamic threshold model for real-time scene change detection in different video
sequences. The velocity of head and chest position were used for the first feature in pre-impact fall detection method.
Furthermore, the COG of the subject body was also used for the second feature. These features are combined and classified

by fuzzy inference system for pre-impact fall detection and prediction using both wearable and Kinect sensors.
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Materials and Methods

1) Vision-based using Multiple Kinects: the Kinect sensor is proposed for the worldwide market, which produces
dense depth images under poor illumination conditions. The depth data is then appropriated to determine a skeletal model
of any human body in Kinect’s viewpoint, which specifies each pixel as being a human body part or environment [5, 19-20].
Self-occlusion occurs when the other portion of themselves hides any parts of a human body. Particularly, when the expense
of such a camera is low (e.g., the Kinect sensor). In the proposed system, multiple and triple Kinects are used.

2) Wearable Device: Wearable sensor methods propose various benefits concerning size, weight, cost, power
extermination, ease of use and portability [21]. They enable tracking without the constraints due to demands for ecosystem
structuring and privacy attention. The MetaWearC [22] is a whole development and creation platform for wearable and
connected device applications. [t emphasizes the ultra-low power nRF51822 SoC, implementing energy efficient smartphone
communication and central processing. We used MetaWearC [23] units, which include a tri-axial accelerometer and tri-
axial gyroscope IMU from Bosch (BMI160). The inertial sensor time series estimated by the body mounted sensors were
recorded together with data from the desktop applications. Body movement events for an individual were detected from
these sensors processed by the dynamic threshold algorithm. All disadvantages are improved by our method, which is
simple, inexpensive and quick.

3) Velocity Characteristics: According to the fall event was explained by [24] in four phases as pre-fall phase,
critical fall or pre-impact fall phase, post-fall or impact phase and recovery fall phase respectively as shown in figure 2.
Importantly, the critical fall or pre-impact fall phase is motion during fall-down that short period and very accelerated
movement than normal lie-down. During the pre-impact fall phase, there is the free fall temporary time that constant vertical
and horizontal velocity increasingly.

4) The Center of Gravity (COG) and Based Support Area (BSA): Whatever the conditions of falling are
various and complicated, a significant factor is the ability to react efficiently to ‘loss of balance,’ i.e., balance interference
[25]. The critical factor that conclusively defines whether or not a balance disturbance leads to a fall is our experience, or
failure, to recover balance. For the calculation of the COG, as shown in figure 1, it relates to the model of each skeletal joint
position offered by Kinect sensors. The Euclidean metric has been used for the straight-line distance calculation between
difference feature skeletal joint positions.

The DK is range among left and right ankle joint position as equation number (9), and Djl and Dj2 is the range on
both sides of ankles and spine joint position as defined in equation number (8). Next, the circle region in figure 1 means for
the BSA, meanwhile COG is moving inside BSA people are safety, vice versa who possibly unsecured or unstable while
COG is running outside the BSA. The black dot is presented as the top view of COG projectile to BSA from human spine
position. However, in some instances, the COG may proceed outside the BSA such as sitting and lying-down, therefore only

the COG inadequate for pre-impact fall detection.

D] = %(\/(SpineX — LAnkle,)? + (Spine, — LAnkle,)? + ,/(Spine, — RAnkle,)? + (Spine, — RAnkle,)2) (1)
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Figure 1 COG calculation Figure 2 Four Phases of Falling Motion [24]
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5) Spatiotemporal Dynamic Threshold Model: Though, a fixed threshold value cannot achieve appropriately
for all activities of daily living due to the variety of their characteristics. The major problem is to reach the best estimation
for each fixed threshold determination. If the fixed threshold has been set too high, it highly probable that some falling
events are still undetected. Vice versa, if it is fixed too low, the detection system makes false detections as well. In this
proposed method, not only using head position but also the center of gravity (COG) from various skeleton constructions
provided by Kinect SDK also are used to compute without marker required. The dynamic threshold based using previous
30 frame value of the head position that provided by Kinect SDK. The simple mean value X and the standard deviation SD_

of X in the specified window are calculated as follows:

RTAcc, ADLAcc = |\/(Xi_1 — %)%+ (Vi1 —y)? + (2 — 7)? | (3)

With Euclidean distance method [25] in (3), let the Acc being the acceleration of head position calculated by Xi, Yi
and Z values provided by each Kinect sensor. This equation is defined as both acceleration calculation of ADLAcc movement

and real-time pre-impact fall detection (RTAcc) also.

)_(ADL = izln:l IA])LIACC1 (4)

Then within equation number (4) let XADL being the mean value of head position velocities in each sliding window,
let ADLAcc being the acceleration of head position in ADL in the dataset and let n being the number of the frame in
ADLAcc dataset. The purpose of this equation is for defining the mean value of the head position in ADL for letting it be

the based on dynamic threshold definition.

SDapL = ﬁ\/Z?ﬂ(ADLACCi — XapL)? )
ADLth = XADL + Sth (6)
Xie = - 2L, RTAcg @)

In equation number (5), let SD ApL. being the standard deviation (SD) of each ADL series from the dataset have
been calculated then combining it with ADL mean value (X ADL) as the result of the threshold in ADL (ADLth) that defined
in equation number (6). Within equation number (7), let X " being the mean value of head position velocities in real-time
detection, and let n is the number of the previous frame in 1 second about 30 frames (33 millisecond per frame) or 30 sliding
windows provided by Kinect or wearable device that calculated by equation (3) as Real Time Acceleration (RTAcc). The

standard deviation (SDn) of each sliding window series can be calculated by equation number (8).

SD, = =2, (RTAcq, — X,)? ®)

In equation (9), let DT being the dynamic threshold, that calculated by combining with a mean value of ADL and
real-time detection value added by the standard deviation value of real-time detection also. For head velocity detection, the
head velocity of each current sliding window (RTAcc) has been compared by DT, if RTAcc, is higher than DT that means
an injured possibility. Then, the result of velocity comparison is passed to the step of comparison between velocity and COG
using DT. However, only head velocity feature inadequate to separate fall and non-fall activities cause of some activities
also make velocity increasing immediately higher than the threshold such as start to running and jumping.

The result of the previous experiment [5-7] of comparison in regular activity between the dynamic threshold and

velocity of daily living. The moving of dynamic threshold was increased or decreased based on the last velocity in 1 second
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or 30 frames that provided by Kinect. Lead Time, Impact Time, and Pre-Impact Fall detection have also been presented also.
In the fall phase, during the velocity of human body higher than the dynamic threshold that adaptive increasing based on
previous normal velocity. It implied that falling accident happened. Furthermore, the time during first detected or
pre-impact fall happening and peak time of human body velocity was defined as lead time. That means it valuable if lead
time or fall recognized time was detected as long as possible.

6) Fuzzy Inference Based Techniques for Separation between ADLs and Fall Incidents: Since the number of
fuzzy inputs and linguistic variables of any fuzzy set extensions, the amount of fuzzy rules increases exponentially. For n
variables each of which can consider m values, the amount of rules is mn. The 14 rules of Sugeno fuzzy set, as Table 1
available online at http://bit.ly/fuzzyrule-otanasap, defining the falling posture, movement transitions, and comparison of
the different combination of devices are inferred first, whereas the final decision is produced through thinking and trigger
on such fuzzy sets. For the definition of each input variable for various methods, let X, is the head velocity from Kinect
number i. Then let Y, is COG of human body from Kinect number i, z is the velocity of wearable device, Ai is the dynamic
threshold of velocity from Kinect number i, Bi is BSA of human body from Kinect number i, C is the dynamic threshold of

velocity from wearable device, Dl is fall is happening, and D2 is ADL.
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Figure 3 System Block Diagram of the proposed method, different Kinects viewpoint, set up installed on the stack

Procedure and Experimental

According to the literature review of pre-impact fall detection techniques based on computer vision based approach
that has been developed and applied for obtaining data of human movements in ADL and fall accidents [1]. Therefore in this
experiment, the multiple perspectives that implemented by various Kinect© sensors combined with the wearable device are
proposed as shown in figure 3. The three Kinects were installed on the same height stack from the floor about 80 centimeters.
The distance between them is 200 centimeters apart in 45 degrees of angle. Tracking spaces are about 400 by 800 centimeter.
Each Kinect acquired 1024x1280 color images and 20 skeleton joint positions in 30 frames per second. The experimental
performed by ten adolescents as volunteer age between 19 to 23 years, including 8 males and 2 females. They performed a
sequence of regular ADL at a natural speed. ADL was recorded in 1100 videos. For realistic of experiments, they are
performed on a 30 centimeters thick mat and 4 meters width by 8 meters long, poured soapy water on the top of the mat. As
figure 4, the fall performing examples are captured for evaluation purpose that included sideward, frontward and backward
falls. For realistic of the experiments, all volunteers are performed on 30 centimeters thick mat and 4 meters width by 8

meters long.
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Results and Discussion

Experimental results for ADL included sitting down, standing up, object picking, walking, jogging, standing still,
and jumping and simulate of falling events involved forward fall, backward fall, lateral fall left, lateral fall right. The result
of experiments in various ADL activity types and the different methods of device combination present that method (n) with
combined triple Kinect and wearable device, is the higher true-negative rate with correctly define as ADL in 691 times and
only tiny false alarm with false positive rate in 19 times, as totally 700 times. That can be calculated specificity as 97.29 %.
The second group of higher true-negative rate is the method (k), (1), and (m). They perform prediction correctly as ADL in
675 to 677 times and only little false alarm with the false positive rate in 23 to 25 times, 96.71 % to 97.43 % specificity.
The third group of the true-negative rate higher than 95 percent is methods (e), (d), and (f). They operate prediction accurately
as ADL in 666 to 670 times and only 30 to 34 times of false alarm, 96.71 % to 97.43 % specificity. The last group of the
true-negative rate lower than 95 percent is methods (j), (g), (i), (b), (h), (a), and (c). They produce prediction precisely as
ADL in 649 to 664 times and 36 to 51 times of false alarm, 92.71 % to 94.86 % specificity.

:59 PM :59 PM

oot Left

Camera #§ [ Camera #2 Camera #3
- o

Figure 4 The fall performing examples are captured for evaluation purpose

According to the figure 5, the highest average pre-impact fall lead-time about 549.83 + 129.46 ms detection time
prior impact to the ground is the method (j) that integrated with triple Kinect viewpoint without the wearable device. The
second highest average lead-time prior impact of 549.75 + 129.79 ms is the method (h) that integrated with multiple Kinect
numbers one and three without wearable device also. The third highest pre-impact fall detection lead-time with
538.92 + 130.28 ms is the method (1) and (n) consecutively. Both of them consist of multiple and triple Kinect viewpoints
combined with wearable sensor sequentially.

Refer to figure 6, the comparison for the result of accuracies, sensitivities, and specificities in various methods of
both fall event and ADL have been presented. We found that the group of the technique only implemented single Kinect (a),
(b), and (c) produce the lowest not only sensitivity and specificity but also accuracy and lead time. Furthermore, the group
of the method that implemented only Kinect both single and multiple without the wearable device proceeds lower efficiencies
and specificities than the method group of integrated both Kinect and wearable device together. However, the methods that
combined both only multiple Kinect with and without the wearable device can provide higher lead time than only single
Kinect with and without the wearable device. Commonly, the decision of airbag inflation is made within 15 to 30 milliseconds
after the origin of the accident and fully inflated within 60-80 milliseconds approximately. According to the result of [26],
the velocity and threshold-based features were used by implementing 3 markers placed on the posterior side of the trunk
with 3 cameras. The average lead time before impact about 300 to 400 milliseconds approximately compare to our

experimental about 538.92 milliseconds.
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Figure 5 Pre-impact fall detection time in various methods Figure 6 The comparison for accuracies, sensitivities, and

specificities in various methods of fall and ADL

Conclusions

The dynamic threshold-based model that stereotypes and suitable for an individual one, are applied for real-time
fall and non-fall classification for the longest lead time of pre-impact fall detection. Moreover, for selecting proper device
combination techniques that differ from previous experimental [7] using only triple Kinect, various kinds of integration are
evaluated that involved single, multiple, and triple Kinect combined with and without the wearable device.

The experimentation found that the highest average lead-time of pre-impact fall detection is 549.83 + 129.46 ms
prior impact. The next highest is 538.92 + 130.28 ms that the method consists of multiple Kinect combined with wearable
sensor sequentially. It shows that only using multiple Kinect without wearable device can produce longer lead time. Though,
the method that combines multiple Kinect sensors with the wearable device can produce later lead time than the first one
only in 10 ms approximately. However, the integration method that combined multiple Kinect with the wearable device can
reduce camera overlapping and obscurity in vision-based with the highest accuracy about 98.09 percent. Vice versa, the
method using only multiple Kinect without the wearable device provide lower accuracy than 93.00 percent. It does not
affect the operation of peripherals such as airbag that require inflation time only 30 ms. Although with the integration

method, it can reduce camera overlap and obscurity in vison-based.
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Abstract
A Fibonacci function is a function f: Z — Z such that f(x+2) = f(x+1) + f(x) for all XEZ. A Fibonacci function is a
generalization of the Fibonacci sequence and Lucas sequence. The purpose of this research is to study periods of Fibonacci functions

modulo m and connect to the period of the Fibonacci sequence and Lucas sequence modulo m
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Analysis and Development of Energy Efficiency of Smart Grid System
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Abstract

This research aims to analyze the energy efficiency of smart grid systems in University of Phayao with installed 500 kW
solar panels, and to propose ways to increase the energy efficiency of the system according to Life Cycle Assessment framework
from manufacturing, transportation, installation, operation, maintenance, and end of life. The results showed that the generated power
from grid at 1 kWh uses accumulated energy of 3.61 MJ, while smart grid systems use accumulated energy of 2.252 MJ. The solar
panels have the most accumulated energy of 2.234 MJ, which is equal to 99.22 % and making a total energy absorbed equal to 1.347.
That means the energy efficiency of smart grid system have good energy efficiency. Therefore, the maintenance of the system to
increase the service life from 20 years to 25 years will reduce the accumulated energy of the system by 14.17 %. The guideline to
increase the efficiency of the system that will be installed in the future recommends a solar panel with low energy consumption in
the manufacturing process, and in addition to being able to reduce the accumulated energy in the system also help increase the system

performance in the other one as well.

Keywords: Solar Cell, Smart Grid, Life Cycle Assessment, Cumulative Energy Demand, Energy Efficiency
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Creation of Physics Experiment Kits on Sound Resonance in a Tube for

Teachers in Southern Thailand
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Abstract

The objective of this research was to construct the resonance of sound waves in an air experimental media by
comparing the velocity of sound waverecord at the maximum value using listening method and data logger program. The
result presented that the speed of sound wave from listening was at the frequency of 500, 550, 600, 650 and 700 Hz were 349,
341, 351, 354 and 350 m/s respectively. The measurement errors were 0.14, 2.43, 0.42, 1.28 and 0.14 % respectively. The
average sound velocity in the air by listening method was 349 m/s and the error percentage was at 0.12 %. The velocity of
sound record by the data logger at frequency was 500, 550, 600, 650 and 700 Hz respectively, while the sound speeds were
344,354, 346, 348 and 355 m/s respectively. The percentage error was at 1.57, 1.28, 0.42, 1.00 and 1.57 %. The data logger
speed was 349.4 m/s, and the error percentage was at 0.05 %. The average speed of sound waves in the air was determined
by the listening and the speed of sound using a data logger compared to the theoretical speed lof soundwith a deviation of

less than 1 %, which can be used as an experimental laboratory media.

Keywords: Experiment, Resonance, Speed of Sound
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Abbreviation comes up with its full version in the first time, and only abbreviation later. Please avoid using
abbreviation in the title and abstract. It is not recommended to use the abbreviation that is used less than four

times in the article. The author(s) must provide definition or description of any signs used in the article when

appearing in the first time.

Figure
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