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Abstract

This research involved the phase stability and fuel properties of the mixture of diesel and ethanol
with GMS (glycerol monostearate) and distilled Cashew Nut Shell Liquid (DT-CNSL). The viscosity, acid
value, oxidation stability and cetane index were measured in order to compare with diesel standards. Diesel
engine performance and exhaust emission were investigated in terms of brake power of diesel engine,
brake specific fuel consumption and exhaust gas temperature. Phase stability of diesel and ethanol blend
was observed that a minimum threshold limit of 1.2 wt.% of GMS provided a homogeneous mixture. The
most promising fuel blend was 85% of diesel and 15% of ethanol with 1.2 wt.% GMS and 1 vol.% DT-
CNSL (DE15G1.2DT-C1). The inductive period of the fuel blends decreased with increasing concentration
of DT-CNSL due to its antioxidant characteristics. As for the performance of diesel engine, at the speed of
1,500 rpm, the fuel blend has higher brake specific fuel consumption than diesel. On the other hand, the
properties of fuel blend have similar the brake power of engine and exhaust gas temperature to pure
diesel.

Keywords: GMS, Ethanol, Diesohol, DT-CNSL, Engine performance

Introduction

In Thailand, alternative energy sources such as ethanol, biodiesel, solar energy are undergoing
intense research to reduce the amount of imported oil and strive for energy independence. A mixture
between diesel and ethanol, so-called diesohol, is the one of the alternative fuels used for public
transportation in Australia, USA, Denmark, and Netherlands to reduce fossil fuel consumption and harmful
emissions. Blends of ethanol and diesel exhibit phase instability due to the polarity difference. Therefore,
an emulsifier is generally required to stabilize the mixture. Biodiesel has been used as an emulsifier for
diesohol blend, amongst many emulsifiers such as alkanols, decaglycerol mono-oleate (MO750), and
alkanolamides (Fernando and Hanna, 2004). Kwanchareon et al., (2007) reported that diesohol blends
containing 80 vol.% diesel, 15 vol.% biodiesel, and 5 vol.% ethanol has similar properties to that of diesel
fuel. Span80 and isopropanol have been used as emulsifying agents to resolve the incompatibility between
diesel and ethanol (Can et al., 2004; Cheenkachorn and Fungtammasan, 2009). Diesel engine performance
has been studied in order to verify the efficiency of the fuel blends. Ali et al., (2015) studied the engine
performance for the fuel blend (30% of ethanol blend with diesel and 6% of ethyl ether). It was found
that the use of diesohol could lead to a slightly lower engine efficiency (4-12%) compared to the case of
pure diesel due to the low calorific value of fuel blend. Praptijanto et al., (2015) investigated the effect of
ethanol percentage on the brake power of diesel engine, using span 80 as emulsifier. It was found that
conventional diesel exhibited a higher brake power of the engine than that of fuel blend with 2.5%-10 %
ethanol, at the speed faster than 1400 rpm. This is due to the fact that ethanol has low cetane number.

The disadvantage of commercial emulsifier is the high cost because the high-quality emulsifiers
are required to import from other contries (Reyes, Y., et. al. 2019) A fuel blend of 10 vol.% biodiesel in
80 vol.% diesel and 10 vol.% ethanol was stable for at least 96 hours (Park et al., 2009). However, biodiesel

-1-
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has a tendency to react with oxidation during storage. Oxidation degradation can lead to the formation of
acids and insoluble sediments that deposit on fuel injectors (Pullen and Saeed, 2012). GMS has the glycerol
head group (polar part) and the fatty acid chain (Non-polar part). Glycerol monostearate (GMS) is a
non-toxic emulsifier. It has a broad range of applications such as emulsifier in food, pharmaceuticals,
cosmetics, and detergents (Yu et al., 2003). GMS has a hydrophilic-lipophilic balance (HLB) of
approximately 3.2, which is within the range of water-in-oil emulsions (Euston et al., 1996). GMS was used
as emulsifier to prevent the separation between biodiesel and tert-butylhydroquinone (TBHQ) which is the
antioxidant. It was observed that the the acid value and the iodine value of biodiesel met the standard
when mix 100 ppm of GMS with TBHQ (Sutanto, H. et.al. 2018). To alleviate the problem of the unsaturated
hydrocarbons, a certain amount of antioxidant can be added to the blend. Common antioxidants are
phenolic compounds containing highly labile hydrogen which delays the start of the lipid oxidation reaction
(Yu et al., 2003). A natural antioxidant extractable from the cashew nut industry is cardanol (Euston et al.,
1996). Cardanol is a phenolic lipid and can be obtained via chemical conversion of anacardic acid, the main
constituent of the oil trapped inside the cashew nut shells (cashew nut shell liquid, CNSL) (Sanjeeva et al.,
2014). When heated, anacardic acid is decarboxylated to produce DT-CNSL which contains cardanol as the
main component. Kubo et al., (2006) found that when cardanol was added to linoleic acid the occurrence
of free radicals was reduced by 30%. The molecular structure of cardanol has both non-polar (lipophilic)
and polar (hydrophilic) ends; typical characteristics for an emulsifying agent. Therefore, it is plausible that
cardanol can be used to blend with diesel and ethanol to inhibit oxidation. Amongst many different
surfactants, GMS/DT-CNSL have never been applied as emulsifier for diesohol. Therefore, this work dealt
with the investigation on phase stability and oxidation stability of the modified diesohol by using GMS/DT-
CNSL as emulsifier. Measurements of the physical and chemical properties were compared with the
standards of diesel. Moreover, the effect of fuel blend on diesel engine performance in terms of brake
power of the engine and brake specific fuel consumption (BSFC) was investigated and compared with the
literature data.

Materials and methods

1. Materials

The cashew nut shells and diesel used in the experiments were supplied by Methee Phuket
Company Limited and Bangchak Petroleum Public Company Limited. The anhydrous ethanol (99.9% purity)
was supplied from MERCK.

2. Extraction of DT-CNSL

Prior to extraction of oil, the cashew nut shells (CNSL) were washed with water and dried at 80 °C for 12
h. The shells were ground to small particles using a SK-1 model, cross-beater mill, and these were
subsequently dissolved in ethanol with the ratio of 150 g CNSL: 1 L EtOH. This ratio of extraction was
published in the previous research of Bangjang, et al. (2016). The solution mixture was continuously stirred
at room temperature for 1 h. The mixture was then filtrated using a vacuum filter, and the filtrate containing
the extracted compounds was subjected to vacuum evaporation at 180 °C for 2 h to remove the ethanol.
The extracted compound obtained was distilled technical CNSL (DT-CNSL).

3. Fuel blending

The samples of mixed fuel obtained from the different blending formulas were categorized (coded)
primarily by the content of diesel (D), ethanol (E), DT-CNSL (DT-C), and GMS (G). For instance, D70E30
describes the condition that the volume ratio between diesel and ethanol is 70:30. The concentration of
GMS was added to diesohol blend as weight percent of the volume of the mixture. A certain amount of
GMS was mixed with diesel and ethanol using a vortex mixer for 3 minutes at room temperature.
Subsequently, DT-CNSL was added to the homogeneous mixture. The solution was agitated vigorously for
10 min by vortex mixer. The samples were collected and stored in the dark. Three samples were prepared
from each blending formulae, as shown in Table 3.
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4. Properties of the fuel blends

4.1 Viscosity and acid value

The viscosity and acid value were measured by Ostwald viscometer and the standard titration
method according to ISO 3104.

4.2 Cetane Index

The density and mid-boiling point were used to estimate the cetane index according to ASTM D976.

4.3 Oxidation stability measurement

The oxidation stability of the fuel blends was studied according to the Rancimat method (EN 14112)
for biodiesel and a modified Rancimat method (EN 15751) for the biodiesel blends. Three grams of sample
was kept at a constant temperature of 110 °C, with an air flow rate of 10 L/h. The oxidation products were
transferred into the distilled water in the measuring vessel by the flow of air bubbling through the sample.
The conductivity of the distilled water was continuously monitored by a conductivity meter.

5. Engine performance test

The engine used in this study was a TF 90 DI-L YANMAR diesel generator. Specifications of the
engine are shown in Table 1. Figure 1 represents the schematic view of diesel engine. All samples were
performed at 800 rpm for 20 minutes in order to ensure the full warm-up. After that, the performance was
evaluated in terms of brake power of the diesel engine, fuel consumption rate, and exhaust gas
temperature at 10 rpm which provided the maximum torque (33.7 N.m). In this work, as a preliminary
evaluation for the possibility of using our fuel blend, the standard engine test was performed at a fixed
speed of 1,500 rpm. The load was measured by P-1.5 ANAKA-STYLE DYNAMOMETER. Different %loads
were applied (25%, 50%, 75% and 100%) to the engine by using dynamometer. Once the stable load was
observed, the mass of fuel consumed in 1 minute and the output torque were recorded in order to evaluate
the brake power of engine and the fuel mass consumption. The exhaust gas temperature was measured
by a type-K thermocouple.

Table 1 Specification of Diesel engine

Engine TF 90 DI-L
Type Four stroke engines
Combustion system Direct injection
Bore x stroke 85 x 87
Cooling system Horizontal liquid-cooled
Rate power 66 kW at 2,400 rpm
Compression ratio 16.6:1
No. of cylinders 1
Injection Pressure 200 kg/cm?

Fuel Tank Load water
Inlet
Control
Valve Intake ‘( Load water
Manifold outlet
Exhaust
[ F—® 9Manifold
Glasstube
|
I Dynamometer
—1Fuel Pum
Thermo :: Engine
Couple

Figure 1 Schematic of diesel engine test
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5.1 Brake Power and BSFC

The brake power of diesel engine calculated from equationn (1) where P is brake power of engine,
W is braking load of dynamometer, L is length of dynamometer (0.716 m), N is rotation speed of power
shaft and a is conversion coefficient (100 in case of kW).

__ 2mWLN
60a

P (1)
BSFC was evaluated as the ratio of fuel consumption to the brake power as shown in equation (2) where
m is the fuel consumption (kg/h).

BSFC = Yth3600

(2)
Results and discussion
1. Phase stability of diesohol with GMS as additive

The physical and chemical properties of the fuel components were demonstrated in Table 2
according to the standard methods. The properties of diesel were within the ranges of diesel standard.
Different states of chemical components required the screening for phase stability of fuel blends. Mixture
with different compositions of GMS, diesel and ethanol were prepared and stored for over three months
during which the phase separation of diesel/ethanol was visually observed. The time that each sample of
the mixture became two phases was recorded. Figure 2 represents a triangle phase diagram of fuel blend.
Grey circles represent the stable homogeneous blend, and black squares indicate that the separation
occurred during 3 months of observation. As observed in Figure 2, in the case of D60E40 and D70E30,
the diesohol was single phase for 4 wt.% and 3wt.% of GMS, respectively. When the concentration of GMS
decreased to 3 wt.% and 2 wt.%, the phase separation of diesel and ethanol was observed. The required
amount of GMS to obtain stable single phase was directly related to the ratio of ethanol and diesel in the
mixture. For D85E15, the threshold limit of GMS content for a stable mixture was 1.2 wt.%. These results
indicated that GMS can be used as emulsifying agent for diesohol. This was due to the fact that the HLB
of GMS is approximately 3.8 suggesting the potential use as emulsifying agent for water-in-oil emulsion
(Karbowiak et al., 2007).
2. Physical and Chemical properties of diesohol

Viscosity and cetane index of fuel blends were investigated for diesohol with different amounts of
GMS according to ASTM specifications. The basic fuel properties of the blends were summarized in Table
3. The viscosity of D60E40, D70E30, D80E20, and D85E15 was within the threshold limits for high-speed
diesel fuel (1.4-4.1 cSt) for all concentration of GMS. Apparently, the viscosity of fuel blend was inversely
related to the ethanol portion due to the fact that ethanol has low viscosity (1.19 cSt) amongst the three
individual fuel compositions used in this work. For the case of GMS, the viscosity increased with increasing
amount of GMS.

Table 2 Chemical properties of the constituents

Standard

Properties Diesel Ethanol GMS Diesel Method

Color Yellow Colorless White Powder -

- 3 -]
Density (9/c™’) 835  0.789 0.97 0.81-0.87  AsTM D1298
@ 15 °C
Viscosity (cSt) ) )
@ 40 °C 3.04 1.19 1.8-4.1 ASTM D 445
Acid value
(mg KOH/g) 0.11 0.11 - 0.8 (max) ASTM D 664
Calorific value 45.53 30.00 - 45 (min) ASTM D 240
(MJ/kg)
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Figure 2 Phase stability of diesohol with GMS

Table 3 Properties of Diesohol

Viscosity Acid Value

Diesel:Ethanol %GMS (cSt) (mgKOH/g) Cetane Index
85:15 1.2 2.62 0.11 52.21
80:20 0.6 2.40 0.11 48.85
80:20 0.8 2.49 0.11 48.82
80:20 1 2.54 0.11 48.82
80:20 2 2.60 0.11 48.85
80:20 3 2.65 0.11 48.81
70:30 3 2.38 0.11 42.69
70:30 4 2.45 0.11 42.74
60:40 4 2.02 0.11 38.75

The cetane index represents the effect of fuel on the engine start up, combustion control and engine
performance (Chotwichien et al., 2009). The cetane index of both D60E40 and D70E30 did not meet the
standard of diesel (minimum 45) due to the low cetane number of ethanol (Xing-Cai et al., 2004). However,
the cetane index of D80E20 and D85E15 were approximately 48.8 and 52.2, which satisfied the industrial
and the automotive diesel standard, respectively. The cetane index of fuel blends was in the range of 46-
48; similar to those reported for diesel/biodiesel/ethanol (Kwanchareon et al., 2007). The cetane index of
ethanl is lower than 8. (Hulwan, D.B. & Joshi, S.V., 2011) Increasing of amount ethanol in the mixture
decrease the cetane index of the fuel blends (Chotwichien et al., 2009). In addition, the acid values of the
fuel blends were studied to compare with standard values. The acid value indicates the content of fatty
acids in oil, which may cause corrosion of engine and fuel tank (Shahabuddin et al., 2012). It was found
that the acid values were stable at 0.11 mgKOH/g for all concentration of GMS, which meet the requirement
of diesel ASTM D664 (maximum 0.5 mgKOH/g). This is due to the low acid value of GMS (less than 2
mgKOH/g) and the dilution effect of diesel/ethanol. D85E15 at 1.2 wt.% of GMS was considered to study
the oxidation stability and engine performance because it was the minimum threshold of phase stability of
the blend and the properties was within the diesel standard range.

3. Oxidation stability of diesohol
Oxidation stability represents the tendency of the fuel to react with oxygen. The oxidation stability
of the fuel blends with GMS is shown in Figure 3. The conductivity of D85E15G1.2 increased to 67 uS/cm after
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24 hours. This conductivity value shows that the oxidation reaction happened in fuel blend. It was
associated with the low bond energy (94 kcal/mol) of the hydroxyl group in GMS (Blanksby and Ellison,
2003). The free radicals formed reacted with oxygen to create the carboxylic component in the solution.
Therefore, 0.5, 1, 1.5% of DT-CNSL was added to fuel blend in order to delay the oxidation reaction. When
the concentration of DT-CNSL was increased, there was a decrease in the conductivity of the measuring
cell due to the lower bond energy of the hydroxyl group in DT-CNSL (58 kcal/mol) compared to that of
GMS (Blanksby and Ellison, 2003). DT-CNSL contains labile hydrogen, so-called chain-braking antioxidant
(AH). It can immediately interact with peroxyl radical (ROO-) generated from the initial step of the oxidation
reaction (equation 3) (Jain and Sharma, 2010). Free radicals (I-) were formed via thermal dissociation of
fatty acid substrate (RH) (Jain & Sharma, 2014). Oxygen molecules can react with carbon-based fatty acid
radicals (R-) to form acid peroxide radicals (ROO) [equations 4,5]. These radicals further react with the
fatty acid chain (RH) of GMS vyielding fatty acid. In the terminating step, R- combines with another radical
to produce a stable product.

Initial step RH+ I'—» R+ IH 3
Propagation step R+ 02 — ROO: 4)
ROO+ RH — ROOH+ R (5)
Termination step R+ R— R-R (6)
ROO+RO0O-— Stable products (7)
Antioxidant ROO+ AH — ROOH+ A (8)

Note that 1 vol.% and 1.5 vol.% resulted in similar conductivity profile possibly due to the prolonged
inductive period. The composition of DT-CNSL contains cardanol, which is antioxidant and it can react with
oxygen and ROO. [equation 8] (Lopes et al., 2008). The fuel blend of D85E15G1.2 at 1 vol.% of DT-CNSL
was used for the engine performance test.

80r o pssets61.2

W D85E15G1.2DT-C0.5
® DB85E15G1.2DT-C1 ot
X D85E12G1.2DT-C1.5 o*

Conductivity (uS/cm)
N o))
o [a=]
-

)
=]
T
*
*

.
.

gd SRR R R R

0 5 10 15 20 25

Time (h)

Figure 3 Oxidation stability of diesohol with GMS and DT-CNSL
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0. 0. 0.9
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4. Engine performance test

This work focuses on one speed (1500 rpm) because a relatively high torque of a similar mechanical
diesel engine was obtained for diesel/ethanol blends at this speed (Freitas et al., 2022).
4.1 Brake Power of diesel engine
Figure 4 shows the brake power of engine and torque of the tested diesel engine using diesel and modified
diesohol (D85E15G1.2DT-C1). For both types of fuel, the brake power of engine considerably rose with
increasing percent load owing to the increased engine torque. High percent load was associated with high
resistance of a crank shaft rotation motion and the engine developed the required torque as shown in
Figure 4. It affects to power that engine producing. For D85E15G1.2DT-C1, it was observed that the brake
power of engine at 50-100 % load was 9-14 % lower than diesel due to the lower heating value of diesel
compared to diesel fuel (Karabektas and Hosoz, 2009). Our results were in line with the work by (Shahir
et al.,, 2015), which the maximum power output of diesohol (diesel/ethanol/biodiesel) reduced
approximately by 4.4-8.7% compare to pure diesel.
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Figure 4 Brake power of engine and torque of fuel blend as a function of load

4.2 BSFC

BSFC is the rate of fuel consumed per unit brake power of engine (Shahir et al., 2015). The BSFC
is shown in Figure 5(a) for the modified diesohol and diesel at 1500 rpm. BSFC of fuel blend decreased
significantly with increasing percent load from 20 to 50. BSFC was relatively stable at 75-100% load. This
was owing to the fact that brake power of the engine rises with an increase in the %load. In addition,
BSFC was affected by fuel consumption rate as shown in Figure 5 (a). It was found that BSFC of diesel
blend was higher than that of diesel by 24% and 16% at 75% and 100% load, respectively. This was also
related to the low heating value of ethanol in the blend leading to higher fuel consumption of
D85E15G1.2DT-C1 compared to diesel. These results were in line with the study by Subbaiah et al. (2010),
which reported an increase in BSFC at high percent load for 75% of diesel, 10% of biodiesel, and 15% of
ethanol. Note that the effect of ethanol on the energy content of the blends resulted in higher BSFC than
that of diesel fuel for all percent load.
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Figure 5 Effect of fuel blend on (a) Brake specific fuel consumption (BSFC), (b) fuel consumption rate of
fuel blend, and (c) Exhaust gas temperature as a function of load at speed of 1,500 rpm
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4.3 Exhaust gas temperature

Exhaust gas temperature is the exact temperature of the fuel after it combusted in the engine. It
is generally required that exhaust gas temperature is not to be higher than 7200C due to the possible
damages of engine (Zheng et al., 2004). Exhaust gas temperature for fuel blend and diesel are shown in
Figure 5(b). The exhaust gas temperature increased with increasing percent load for fuel blend and diesel.
Note that the exhaust gas temperature of fuel blend is slightly higher than that of diesel. The lower cetane
index of D85E15G1.2DTC-1 caused longer ignition delay leading to faster combustion, shortened
combustion duration, and accumulated heat in the engine (Yilmaz et al., 2014).

5. Fuel properties

Table 4 summarizes the fuel properties of D85E15G1.2DT-C1 and diesohol blends from the
literature data (with different emulsifiers). For D85E15G1.2DT-C1, the mass fraction of diesel, ethanol,
GMS and DT-CNSL were 83 wt%, 14 wt%, 1.4 wt% and 1.2 wt%, respectively. Li et al., (2017); Tan, et
al. (2017) studied the properties of diesel/ethanol by using SPAN80 and biodiesel as emulsifier. In the case
of SPAN8O, the density of our blend was similar to this blend while the viscosities of diesohol using SPAN80
and biodiesel were higher than our blend. This was because of the different portion of emulsifier. The
heating value of D85E15G1.2DT-C1 was slightly higher than that of diesohol/SPAN80 while the heating
value of diesohol/biodiesel was significantly higher than the other two formulas. This was owing to the low
heating value of ethanol and the proportion of ethanol used in each blend. Ethanol also influenced the
cetane index of the blend. The lower amount of ethanol in our blend D85E15G1.2DT-C1 resulted in higher
cetane index compared to that of diesohol/SPAN8O. It was slightly higher than the cetane index of
diesohol/biodiesel possibly because the presence of cardanol, which has the heating value of 39.42 MJ/kg
(Bangjang, et al. 2014). The minimum amount of GMS required for our blend was 1.2 wt.% (1.16 g per
100 ml of fuel blend), which was lower than other emulsifiers used for diesohol. Together with the small
amount of GMS required, the inexpensive price of GMS also contributed to lower cost of the fuel blend.
Note that cost of GMS (1.20 USD/kg) was relatively lower compared to that of SPAN80 and n-butanol.
Therefore, GMS can be used as a low-cost emulsifier for diesel and ethanol blend.

Table 4 Properties of the fuel blend.

. . Diesel
- a b
Properties D85E15G1.2DT-C1 Li et al. Tan et. al. Standard
Density (g/cm3) 0.847 0.827 0.853 0.81 - 0.87
Viscosity (cSt) 2.62 3.62 3.715 1.8-4.1
Calorific value .
(M3/kg) 39.96 38.5 44.1 36 (min)
Cetane index 52.21 42 51.2 45 (min)
Acid value (mgKOH/q) 0.11 - - 0.8 (max)
Retail price® 1.36 USD/kg 1.38 USD/kg 1.38 USD/kg -

a80 ml of Diesel, 20 ml of ethanol, 0.33 g of n-butanol, 3.36 g of SPAN8O

b80 ml of Diesel, 10 ml of ethanol, 10 ml of biodiesel

‘Based on the price of diesel, ethanol, biodiesel, DT-CNSL, GMS, n-butanol, and SPAN8O of 1.19 USD/L,
0.81 USD/L, 1.01 USD/L, 0.64 USD/L, 1.20 USD/kg, 1.45 USD/kg, and 2.2 USD/kg, respectively.

Conclusions

GMS was applied as an emulsifier for diesel and ethanol. For phase stability of at least three
months, the mixture required at least 1.2 % by weight of GMS. The properties of diesohol with GMS met
the standards of diesebreakl fuel according to the Department of Energy Business, Ministry of Energy, and
Thailand. For D85E15 with 1.2 wt.% GMS and 1 vol.% DT-CNSL of the mixture, the acid value, viscosity,
and the cetane index were 0.11 mgKOH/g, 2.42 cSt, and 52.21, respectively. DT-CNSL was applied as an
antioxidant to the diesohol in order to inhibit the oxidation of the hydrocarbon molecules in the fuel. From
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the engine test at the speed of 1,500 rpm, the BSFC of the fuel blend was higher while the exhaust gas
temperature and brake power of diesel engine were comparable to those of diesel. Therefore, GMS can be
used as an emulsifier for promoting the use of biofuel (such as ethanol and CNSL) as a substitute for diesel
fuel.
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Abstract

Thai steamed cupcake has a short shelf-life at room temperature. To resolve the problem, this
research aimed to reveal the potential effects of powdered natural colourants, including turmeric, roselle
and green tea-based ingredients for controlling the quality of Thai steamed cupcake product during
storage at chilled temperature (4 °C). After production at 0 day, the sensory preferences in appearance
and texture of all steamed cupcakes containing powdered natural colourants were not significantly
different from the control treatment, which were moderately appreciated (P>0.05), but the odour,
flavour, and overall acceptability of turmeric steamed cupcakes were lower than those of other
treatments (P<0.05). This indicated that the sensory characteristics of turmeric steamed cupcakes should
be further improved. The texture analysis and colour measurement of all steamed cupcakes treated with
powdered natural colourants at the storage period of 0-2 days showed that the hardness and
fracturability increased, while the colour values changed. Additionally, the microbiological parameters of
all steamed cupcakes treated with powdered natural colourants met the standard of ready-to-eat bakery
products based on the storage period of 2 days at 4 °C, whereas the control treatment had an
unpleasant odour after 2 days. This investigation implies that the application of powdered turmeric,
roselle and green tea could be used as a promising approach of natural colouring and preservative for
controlling the quality of steamed cupcake product in Thailand.

Keywords: Thai steamed cupcake, Turmeric, Roselle, Green tea, Product quality

Introduction

Steamed cupcake product, called Khanom Pui Fai, is a traditional street dessert in Thailand. Its
characteristics are fluffy and light due to expanding like cotton wool after steaming (Pakditawan, 2016).
However, the problem of short shelf-life and food-borne pathogens remains, especially Bacillus cereus,
Escherichia coli, and Staphylococcus aureus, which might be found during storage at ambient
temperature because of intrinsic and extrinsic factors. To consider the risk hazard of each food pathogen,
B. cereus spores can germinate and grow out rapidly after heat treatment and produce emetic and
enteric toxins. Many strains of S. aureus produce staphylococcal enterotoxins, while certain strains of E£.
coli are used as a faecal contamination index of food sanitation (Angelidis et al., 2006; Dlubala et al.,
2021; Olaimat et al., 2021).

For this reason, the microbiological quality must be taken into account based on the standard
requirement of ready-to-eat food product. Artificial food colouring is generally used to improve the
appearance of desserts, and it has raised concerns due to adverse effects on consumer health because
certain chemicals are produced from highly toxic substances, and can cause human diseases and
mutations, which should be limited in the food ingredients (Ahmed et al., 2021; Kobylewski and
Jacobson, 2012). Currently, the application of plants for implementing various health care treatments and
food additives have been adapted (Mulat et al., 2020). A part of plant could be applied for development
of food products. For example, turmeric (Curcuma longa), roselle (Hibiscus sabdariffa L.), and green tea
(Camellia sinensis), were scientifically used as bioactive ingredients in foods due to antimicrobial activity
and antioxidant capacity (Azeez and Lunghar, 2021; Lim et al., 2020; Rashidinejad et al., 2021).
Even though the essential oil extracted from medicinal plants is generally used for controlling food-borne
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pathogens, the extraction procedures have high value and are inconvenient. Previous publications
revealed that juice extracted from plants could be applied for food and dessert products to improve the
microbiological and physicochemical quality (Gattuso et al., 2006; Lertnirundon and Mahidsanan 2020).
Boonkum and Mahidsanan (2021) demonstrated that turmeric and peppermint could be prepared as
either food ingredients or natural colourants to control the microbiological safety of Flatbread Roti
product. However, parts of turmeric, roselle and green tea have not been thoroughly investigated in
steamed cupcake quality, while the cold temperature might be used as a promising hurdle effect during
storage.

Thus, to extend the shelf-life of steamed cupcake product, the objective of this study was to
investigate the potential effects of turmeric, roselle and green tea-based natural colourants for
controlling the quality of Thai steamed cupcake product during storage at chilled temperature. Significant
product qualities including water activity, colours, texture, and microbiological criteria were assessed to
represent shelf-life for further development of steamed dessert products.

Materials and methods
Preaparation of three powdered natural colourants and Thai steamed cupcakes

Three plant powders including turmeric, roselle and green tea, were obtained from Suranakhon
market, Nakhon Ratchasima province, Thailand. The preparation steps were followed according to
Boonkum and Mahidsanan (2021). Each powdered material (200 g) was dissolved in hot water (1000 g)
and then filtered by sterile gauze. Afterward, each formulation of Thai steamed cupcake product was
prepared (Table 1). Those treatments were steamed at 100 °C for 7 min and then cooled at ambient
temperature for 10 min. Each sample was packed in polypropylene box and stored at chilled temperature
(4 °C). Sensory evaluation was conducted at 0 day. Meanwhile, the parameters of product quality,
including microbiological analysis and physicochemical characteristics were assessed at 0, 2, 4 and 6
days.

Table 1 Formulation of Thai steamed cupcake product with the different natural colourants

Treatments
Ingredients (g) Turmeric Roselle Green tea
Control steamed steamed steamed
cupcake cupcake cupcake
Cake flour 200 200 200 200
Sugar 175 175 175 175
Egg 100 100 100 100
Water 100 100 100 100
Lemon juice 5 5 5 5
Jasmine flavour 2.5 2.5 2.5 2.5
Pasteurised milk 51.5 51.5 51.5 51.5
Baking powder 2.5 2.5 2.5 2.5
Foaming agent & emulsifier (UFM SP) 10 10 10 10
Turmeric suspension - 10 - -
Roselle suspension - - 10 -
Green tea suspension - - - 10
Water 10 - - -

Sensory evaluation

The hedonic test was performed to evaluate the degree of overall liking for each sample at 0
day. Untrained consumers were recruited from the undergraduate students at Rajamangala University of
Technology Isan, Nakhon Ratchasima. Thirty consumers received four samples and were asked to rate
them according to degree of liking on a 9-point hedonic (strong dislike = 1 and strong like = 9). Samples
were placed on plates and identified with random three-digit numbers. Panellists evaluated the samples
in a testing area and were instructed to rinse their mouths with water between samples to decrease any
residual effect.
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Colour measurement

To analyse the colour values, the surface of each sample was evaluated using Chroma meter
model CR-410 (Konica minolta, Japan). The parameters L* (brightness), a* (redness/greenness), and b*
(yellowness/blueness) were recorded.

Texture analysis

The samples were prepared to a size 5x5x5 cm. Textural properties (hardness, fracturability and
stringiness) of samples were examined using a texture analyser model CT3 (BROOKFIELD, USA). The
texture profile was set with the two-bite compression test using the following operation conditions: No.
TA11/1000 25.4 mm dia.; maximum weight, 2 kg; distance, 33%; table speed, 1.00 mm/min; 2 bites.

Measurement of pH and water activity (aw)

To measure the pH value of each sample, 10 g of sample was diluted with 90 mL of distilled
water in a 250 mL beaker and homogenised for 1 min. The pH of the solution was measured after 15
min. The aw was measured using a Lab Master-aw neo machine (Novasina, Switzerland) at ambient
temperature.

Microbiological detection
The microbial load, including total viable count, yeasts and moulds, S. aureus B. cereus,
Salmonella spp. and E. coli., were quantified according to FDA-BAM (2001).

Statistical analysis

For each analysis, triplicate experiments were performed. The results were expressed as the
mean = standard deviation (SD). IBM SPSS statistics 22 (Armonk, New York, U.S.A) was used to perform
all statistical analysis. One-way analysis of variance (ANOVA) was performed, which was followed by
Duncan's multiple range test (DMRT) with an overall significance level set at 0.05.

Results and discussion
Sensory characteristics of steamed cupcakes

The product appearances and sensory characteristics of steamed cupcakes with various
treatments are presented in Table 2 and 3, respectively. On day 0, the sensory preference scores of each
treatment depended on their powdered natural colourants characteristics. In respect to appearance and
texture of all steamed cupcakes containing powdered natural colourants, they were not significantly
different from the control treatment (P>0.05), and those features were moderately appreciated (6.30-
7.33). By contrast, the odour, flavour, and overall acceptability of turmeric steamed cupcakes was
classified as neither like nor dislike level, which were lower than other treatments (P<0.05). This
abnormal score may be due to the pungent smell, especially ar-turmerone (2-methyl-6-(4-methylphenyl)-
2-hepten-4-one) (Sharifi-Rad et al., 2020).

Physicochemical characteristics of steamed cupcakes during storage

pH and aw are the major intrinsic factors in limiting or controlling the microbial growth of food
products. Therefore, the microbial activity affects certain undesirable quality changes and alters food
characteristics (Tapia et al., 2020). Considering all steamed cupcake products during storage for 4 days
at 4 °C, the pH values of all treatments were approximately 6.93-7.53, while the aw values were about
0.90-0.93 (data not shown). At the storage period of 0-2 days (Figure 1B and C), a decrease in the a* of
steamed cupcakes containing turmeric, roselle and green tea powder was observed (P<0.05), while the
b* of steamed cupcakes containing roselle and green tea powder decreased rapidly (P<0.05). This
phenomenon might be interpreted that the colour quality of natural colourants-based food product was
affected by light in a polypropylene box, while its percentage of light transmittance was approximately
85-90 (Omnexus SpecialChem, 2021). Thereby, World Health Organization (1998) suggests that natural
colourants requiring protection from light should be preserved in a light resistant packaging. However,
Figure 1A shows that the L* of all steamed cupcakes containing powdered natural colourants was not
significantly different during storage for 4 days (P>0.05). On day 6, all samples were not examined
because they had physical spoilages, especially an unpleasant odour was observed. Meanwhile, texture
profiles of each treatment were considered during storage. The hardness (Figure 2A) and fracturability
(Figure 2B) of all steamed cupcakes containing powdered natural colourants increased due to an increase
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in the storage time up to 2 days, whereas the stringiness (Figure 2C) of roselle and green tea steamed
cupcake was not significantly different during storage for 0-4 days (P>0.05). According to other studies,
these textural changes could be a result of the changes in product moisture (water loss) and the starch
retrogradation, resulting in a rapid recrystallisation of amylose, which causes the hardness characteristic,

slow recrystallization of amylopectin as well as staling process of cakes and bread (Culetu et al., 2018;
Marchetti et al., 2021).

Table 2 Physical characteristic of all steamed cupcakes during storage at chilled temperature

Storage time (Days)
Samples 0 ) a 6

Control

Turmeric steamed
cupcake

Roselle steamed
cupcake

Green tea steamed
cupcake
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Table 3 Sensory evaluation of steamed cupcakes with various treatments
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Sensory Control Turmeric Roselle Green tea
preferences steamed steamed steamed
cupcake cupcake cupcake
Appearance 7.20+1.832 6.63+2.112 6.30+1.912 6.57+2.052
Colour 7.20+1.60° 6.67+1.92% 6.23+1.81° 6.83+1.46%
Odour 6.60+1.502 5.57+2.01° 6.57+1.632 6.13+1.74%
Flavour 7.10+1.302 4.97+2.13° 6.67+1.692 6.66+1.542
Texture 7.33+1.24° 6.57+1.742 7.30+1.322 7.33+1.322
Overall 7.50+1.112 5.87+1.94° 6.90+1.212 7.20+1.032
acceptability

Different letters in the same row indicate significant difference (P<0.05).

A 140

120 A
100
80 A
60
40

20

Figure 1 The colour values, (A) L*, (B) a* and (C) b* of steamed cupcake with various treatments
during storage; white bar = day 0; red bar = day 2; and green bar = day 4. Different letters indicate
different (P<0.05) within the same natural colourant treatments during storage.
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Figure 2 Texture profile analysis, (A) hardness, (B) fracturability and (C) stringiness of steamed cupcake
with various treatments during storage; white bar = day 0; red bar = day 2; and green bar = day 4.
Different letters indicate different (P<0.05) within the same natural colourant treatments during storage.

Microbiological quality of steamed cupcakes during storage

As a matter of fact, steamed cupcakes had a short shelf-life because the water activity and pH
were 0.90-0.93 and 6.93-7.53, respectively. These conditions cause the growth of microorganisms,
especially a group of mesophiles and/or food-borne pathogens. Based on the standard of microbiological
safety in ready-to-eat bakery products (Centre for Food Safety, 2014; Thai Community product standard,
2009), the microbial combination criteria, such as total viable count, yeasts and moulds, S. aureus, B.
cereus, E. coli and Salmonella spp., were considered during storage (Table 4). The £ coli and
Salmonella spp. were not found in all samples. S. aureus was found to be <100 CFU/g in all steamed
cupcakes containing natural colourant powder, which was relevant to standard of ready-to-eat bakery
product. On day 2, the viable count of yeasts and moulds in the control treatment was 2.01x10* CFU/g
which met an unsatisfactory level, while the number of S. aureus was about 2.50x10? CFU/g which met
the limit level. In addition, an unpleasant odour was found in the control treatment after day 2. The total
viable counts and B. cereus of turmeric, roselle and green tea steamed cupcakes were approximately
<10* and <103 CFU/g, respectively, which satisfied the criteria of microbiological safety for 2 days, but
the day 4 had an unsatisfactory level. However, all steamed cupcakes containing powdered natural
colourants had physical spoilage at the storage period of 6 days. The consequence of steamed cupcakes
treated with powdered natural colourants was achieved, resulting in controlling hazardous food-borne
pathogens and extending the product shelf-life. Many studies have confirmed that the chemical
composition of turmeric, roselle, and green tea is rich in bioactive compounds with antimicrobial
properties. These medicinal plants could be applied as colouring agents and natural preservative in food
production to enhance the preservative functions. Turmeric contains curcuminoids, which include mainly
curcumin (diferuloyl methane), demethoxycurcumin, and bisdemethoxycurcumin. Green tea is a rich
source of epicatechin, epigallocatechin, epicatechin gallate, epigallocatechin gallate, catechin, gallocatechin gallate,
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catechin gallate, and gallocatechin. Roselle consists of phenolics, flavonoids and anthocyanins in which
generally posssess antimicrobial activity (Lim et al., 2020; Naz et al., 2010; Radi et al.,, 2017;
Siripatrawan and Noipha, 2012).

Table 4 Microbiological quality of steamed cupcake with various treatments during storage

Microbiological parameters Storage time (Days)

0 2 4

Total viable count (CFU/qg)

control (untreated sample) 2.00x10? 1.00x10? Not examined

Turmeric steamed cupcake 2.00x10? <100 <100
Roselle steamed cupcake 4.60x10? 1.50x10? 1.00x10*
Green tea steamed cupcake <100 3.40x102 4.80x10°
Yeasts and Molds (CFU/g)

control (untreated sample) 2.50x10? 2.01x10* Not examined
Turmeric steamed cupcake 1.00x10?2 4.00x10? 4.50x10?
Roselle steamed cupcake 1.40x103 2.50x10? 1.00x10?
Green tea steamed cupcake 2.50x10? 1.00x10? 1.50x10?
S. aureus (CFU/qg)

control (untreated sample) 2.00x10? 2.50x10? Not examined
Turmeric steamed cupcake <100 <100 <100
Roselle steamed cupcake <100 <100 <100
Green tea steamed cupcake <100 <100 <100

B. cereus (CFU/qg)

control (untreated sample) <100 4.50x10? Not examined
Turmeric steamed cupcake <100 <100 2.85x103
Roselle steamed cupcake 1.00x102 5.00x10? 2.55x10?
Green tea steamed cupcake 7.00x102 <100 1.00x107
E. coli (MPN/g)

control (untreated sample) <0.03 <0.03 Not examined
Turmeric steamed cupcake <0.03 <0.03 <0.03
Roselle steamed cupcake <0.03 <0.03 <0.03
Green tea steamed cupcake <0.03 <0.03 <0.03
Salmonella spp.

control (untreated sample) Not detected Not detected Not examined
Turmeric steamed cupcake Not detected Not detected Not detected
Roselle steamed cupcake Not detected Not detected Not detected
Green tea steamed cupcake Not detected Not detected Not detected

Not examined indicates that the sample was not examined because of spoilage.

Conclusion

The results of this study showed that the parameters of microbiological safety of all steamed
cupcakes treated with powdered natural colourants met the standard of ready-to-eat of bakery product
based on the storage period of 2 days at 4 °C, whereas a control treatment had a spoilage characteristic
of unpleasant odour within 2 days. The present investigation demonstrated that the application of
turmeric, roselle and green tea powder is a promising approach for controlling the physical and
microbiological quality of steamed cupcakes. Part of these plants could be further applied as a natural
colouring agent for substituting the use of artificial colouring for steamed cupcake product in Thailand.
However, sensory characteristics of turmeric steamed cupcake should be improved, while antioxidant
activity measurement should be evaluated in further study.
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Abstract

This paper presents a new discrete weighted exponential distribution using Chakraborty's
discrete method (2015). The probability mass function, cumulative distribution function, survival function,
and some mathematical properties are all discussed. The maximum likelihood estimation is used to
estimate the parameters of the new discrete weighted exponential distribution. Furthermore, the new
distribution was applied to two data sets. In summary, the new distribution can be a count data
distribution alternative.

Keywords: discrete weighted exponential, probability mass function, discrete method

Introduction

Statistical distributions are widely used, whether as models for population occurrences or in certain
situations. Many studies have shown this. For example, some statistical distributions have been proposed
for lifetime models that exhibit a non-constant failure rate function (Algasllaf et al.,2015). The lifetime
model or survival function was studied using an exponential distribution of interesting random variables. It
is a special case of the gamma distribution. The exponential distribution can be used to model the
lifetime. If random variable X is exponential distribution, its probability density function (pdf) is given

1
by f (X;,B) :Eefx/ﬂ ;0<X<oo. [ is scale parameter (Casella & Berger, 2001). Gupta and Kundu

showed the exponential distribution of two parameters in 2009. They used Azzalini's (1985) concept to
introduce a shape parameter of an exponential distribution, which they called a weighted exponential
distribution, or WE distribution (Gupta & Kundu, 2009).

In 2011, Parriz, Iman, and Behzad showed how to estimate the parameters of a weighted
exponential distribution using maximum likelihood estimation, which is an estimator that cannot be
expressed explicitly (Parriz et al., 2011). In 2014, Fatemah, Ghitany, and Claudio used Monte Carlo
simulation to assess the finite sample attributes of the weighted exponential distribution's difference
parameter estimation approach, including maximum likelihood, moments, L-moment, ordinary least-
squares, and weighted least-squares (Fatemah, Ghitany, & Claudio, 2014). In 2016, Shakila and Itrat
developed a new weighted exponential distribution and applied it to data from 100 bank customers'
waiting times (Shakila & Itrat, 2016). Oguntunde, Owoloko, and Balogun defined a new weighted
exponential distribution based on Nasiru's content (2015) and the probability density function (pdf) of

the weighted exponential distribution were f(x;4,a)=(1+ /1)056_(1”)“X ‘x>0, a>0 and

A >0and applied it to four real data sets (Oguntunde et al., 2016). In 2018, Khongthip, Patummasut,
and Bodhisuwan suggested a discrete weighted exponential distribution. A discrete distribution is derived
from a matching continuous distribution using Roy's method of discretization. They demonstrated the
probability mass function, survival function, probability generating function, and characteristic function
(Khongthip et al., 2018). Mahdi, Omid, and Alireza developed and evaluated parameters for a discrete
weighted exponential distribution (Mahdi et al., 2018).
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There are several discrete methods for producing a discrete distribution. In 2015, Chakraborty
described the various ways of constructing discrete probability distributions as analogues of continuous
probability distributions. For instance, the method based on pdf, the survival function, and the hazard
function (Chakraborty, 2015).

The aims of this study were to create a new discrete weighted exponential distribution and to apply
it to two data sets. Some mathematical characteristics have explicit expressions. The remainder of the
paper is structured as follows. In section 2, the methods consisted of a discrete method and weighted
exponential distributions. The results are shown in section 3. It consists of a new discrete weighted
exponential distribution, mathematical properties, and parameter estimation. In section 4, the application
for two data sets. Finally, the discussion and conclusions are in the last section, respectively.

Methods
Discrete method

There are several methods for obtaining a discrete distribution from a continuous one. In 2013,
Lai showed the construction of a discrete lifetime distribution from a continuous one in his paper on the
building of a discrete lifetime distribution. Chakraborty (2015) showed many methods to generate a
discrete distribution of a continuous probability distribution. Methods based on the survival function (sf),
hazard rate function, cdf, pdf, and two-stage composite methods.

This paper used a method based on continuous survival function. Chakraborty (2015) consider

the definition of the discrete survival function defined as S, (y)=P(Y >y) when Y is a discrete
random variable and accordingly the cdf F, (y)=P(Y <y) is related to the survival function as
S, (y)=1-F, (y—1) (Chakraborty, 2015).
If a continuous random variable X has the survival function Sy (X), then the random variable
Y = LXJ is the largest integer less or equal to X . The pmfof Y is
P(y)=P(Y=Y)
=P(y<X<y+l)
=F, (y+1)-F (y)
=S, (y)-Sx(y+1) ;y=0123,.. 1)

Since for continuous random variable X , P(X =x)=0 and F, (y)=1-S, (). The pmf will be in a

compact form if the continuous survival function is in compact form. This method preserves the survival
function thatis S, (¥) =Sy (Y).

The weighted exponential distribution

In 2009, Gupta and Kundu introduced the shape parameter of the exponential distribution
(Gupta & Kundu, 2009). They applied the Azzalini concept, which is a lifetime distribution (Azzalini,
1985). The weighted exponential distribution (WE distribution) was called following the two parameters
of the exponential distribution developed by Gupta and Kundu.

Definition I: The random variable X is said to have weighted exponential distribution, with the
shape and scale parameter as o >0 and A >0 respectively, if the pdf of X is

f(x)=(057+1j/‘te‘ﬂX (1—e‘““); x>0, 2)

and 0 otherwise. We will denote it as weighted exponential (a, /1) .
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Properties of the weighted exponential distribution are given in the following: when o — o, the
weighted exponential distribution converges to the weighted exponential with scale parameter 1 (A =1).
As a — 0, the weighted exponential distribution converges to gamma distribution with shape parameter
2. When o =1 the weighted exponential distribution coincides with the generalized exponential
distribution with shape and scale parameter 2 and A respectively.

The cdf of the weighted exponential distribution can be written as

a+1 —X 1 —(1+a)x
F(x)=—-|1-¢"—-| — |[(1-¢ o x>0,a>0 3
(x) == { (1”)( )} o 3)
(Gupta and Kundu, 2009).

In 2016, Oguntunde, Owoloko, and Balogun presented a weighted exponential distribution based
on Nasiru's content (2015). The weighted family of distribution is given by

f (x)=Kg(x)G(2x),
where ¢ (X) is a pdf, G is the corresponding (or reliability) function, and K is a normalizing

constant (Oguntunde et al., 2016).
The pdf of the weighted exponential distribution is given by

f(x):(1+ a)ﬂe’(““)“; Xx>0,1>0. 4
The cdf of the weighted exponential distribution is given by
F(x)zl_ef(“*"“); x>0,1>0, ©)

where A is scale parameter and « is shape parameter (Oguntunde et al., 2016).
The pdf of the weighted exponential distribution in Equation (4) is simpler and easier to handle
as compared to the weighted exponential pdf in Equation (2).

Results
The new discrete weighted exponential distribution

The probability mass function, cumulative distribution function, survival function, some
mathematical characteristics, and parameter estimates are all given in this section of the study.

Theorem I: If Y be random variable of the new discrete weighted exponential distribution
where parameter o and A are scale parameter and shape parameter respectively. The pmf of Y is

P ( y) _ e—y(/1+a/1) [1_ e—(/1+a/1):| ) (6)
where y=0,1,2,... and >0, 1>0.

The corresponding cdf of new discrete weighted exponential distribution is given by
—(A+al)(1+y) e—y(lﬂzﬂ.)

F(Y)zl—{ P }; y=012,..., >0, 1>0. )

Proof. When X is random variable, the pdf of the weighted exponential distribution follows in Equation
(4). The survival function is

S(x)=1-F(x)

_ A (Ax+aix)
=€ ' ©)

and
S (X n 1) _ e—(/l(x+1)+a/1(x+1))

AX+A+aAX+aA)

e - ©)
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From Equation (1), Y = LXJ is the largest integer less or equal to X then Equations (8) and
(9) are plugged into Equation (1). We will obtain

p(y)=P(Y =Y)
S(y)-S(y+1)

(Ay+ady) Ay+A+ady+al)

el
y(A+ad) |:l _ ef(maa) } .

The properties of probability function are p(y)>0 forall y and Y p(y)=1. The following is

vy

.
o

a proof for the properties of a probability function.

Proof. We can see that p(y)>0forall y when y=0,12,...from the pmf of Y and we prove the
properties of the probability function, Z p ( y) =1, that following;
vy

vap(y)=§p(Y=y)

N oV(irad) [ o—(Avad)
Oeyﬁ ,1[1 en z}

(a+ad) 1
1-e }{1_6—(“()@)}

Il
P 1 <

Since Zefy(““l) is the geometric series. So, we have the pmf of the new discrete weighted
y=0

exponential distribution, which is shown in Equation (6). We can say that p(y) is pmf. The pmf has the
properties of a probability function.

Proof. The following is a proof of the cdf of a new discrete weighted exponential distribution.
F () =P(Y<y)
P(t)

eft(/mm) [1 _ ef(mm) :|

1 e—(/1+a/1)(1+y) _ e—y(lwzﬁ.)
- 1— e(zmz) )

M- -

T
o

So, the cdf of the new discrete weighted exponential distribution is shown in Equation (7).

Theorem 2. If Y is a random variable of the new discrete weighted exponential, then its survival
function is
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~(A+ad)(1+y) e—y(/1+al)
s(y)= 1_e#+ed) ' (10)

where Y=0,1,2,... and parameter o, 4 >0.

Proof. That Y is a random variable of the new discrete weighted exponential with cdf in Equation (7)
and S ( y) is defined as the survival function of the new discrete weighted exponential. Thus,

S(y)=1-F(y)

~(A+ad)(1ty) _ o-y(A+ed)
L 1_(e e J

1— e(ﬂ.-%—aﬂ)

e—(l+a/1)(l+y) —e y(A+al)

1— e(ﬂ+a&)

Figures 1 and 2 show some possible plots for the new discrete weighted exponential
distribution's pmf and cdf. Figure 1 presents the pmf plots of Equation (6) for different the values of «
and A and the distribution is skewed to the right. Evidently, the scale parameter & changes according
to the shape parameter 1 . The pmf decreases as shape parameter A increases.
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Figure 1 The pmf plots of the new discrete weighted exponential distribution
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Figure 2 The cdf plots of the new discrete weighted exponential distribution

Figure 3 provides some possible plots for the survival function of the new discrete weighted
exponential distribution.
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Figure 3 The survival function of the new discrete weighted exponential distribution

Mathematical properties
This section presented some mathematical properties, such as the probability generating function
(pgf), expectation, variance, and moment generating function (mgf).

Probability generating function

The probability generating function is an essential component in statistical theory. The
probability generating function of a discrete random variable is a power series representation of the
random variable's probability mass function. A random variable's expectation and variance can also be
obtained using this method.

Definition 2: Let Y be a random variable whose possible values are restricted to the non-negative
integers, and p(y)=P[Y =y], for y=0,12,.... The probability generating function is then defined
as
G(z)zE(zy)zz:p(y)zy, (11)
y=0
where p(Y)is the probability mass function of Y and 0<z<1. (Whittaher & Henderson,
2006)
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Theorem 3. Let Y be a random variable with the new discrete weighted exponential distribution, then
the pdf is given by
1— —(A+ak)
: (12)

ZHM) ’

G(z)=———
() 1-z-el
wherey=0,1,2,..., 0<z<land a,1>0.

Proof: The pmf of the new discrete weighted exponential distribution is replaced in Equation (11) and
then the pgf is

y
_[_ g h+et) c g Y(ad) oy

[ >
1_e—(l+aﬂ)

- 1—7 .e—(ﬂ,+ai) :

Expectation, Variance and Moment generating function
Theorem 4: Let Y be a discrete random variable with probability generating function G (Z) .Then

E(Y)=G'(1),
and  E{(Y)(Y-1)(Y-2)..(X —k+1)} =G* (1) =—G(2)

(Joel C. Miller, 2018).

The probability generating function can be used to determine the expectation and variance using
Theorems 3 and 4.

The expectation of Y is

ef(ﬂ.ﬂxﬂ.)
E (Y) = W /; (13)
and the variance of Y is
e—(ﬂﬂu)
Var(Y)=— . (14)

(1_ e—(zﬂu) )

’ d 1_ ef(lJraﬂ)
e) d—(ﬁ]
(1_ ef(/naz) ) . e—(ﬂ+a/1)
= : (15)

(1_ ;.o (#+a) )2

Proof.
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From Equation (15), setting Z =1 following Theorem 4. we obtain

, e—(l+al)
G (1) = W . (16)
e—(l+a/1)
SO, E (Y ) = m .
Similarly, to the expectation, the second derivative of G (Z) is
d(d
G"(z)=—| —G(z
(@)1 $60)
d (l— e—(ﬂ.ﬂzﬂ.) ) ) e—(ﬂ.ﬂzﬂ.)
= 2
dz (1_ 7. ef(maz))
2(1_ e—(ﬁ.-%—a).) ) e—2(l+a/1)
_ — (17)
(1_ 7 .e—(iﬂzﬂ))
From Equation (17), setting Z =1 we obtain
2e—2(i+aﬁ)
G'(1)=—"—s. (18)

(1_ e-(z+m1))

Variance of Y can be derived from Theorem 4, Equation (16) and Equation (18). We obtain

2

Var(Y)=G"(1)+G'(1)-(G'(1))

op2red) o (#+ad) o 2red)
- 7t “(Grar) 2
(1_ o(4+a2) ) 1—e (l— g (#+ed) )
e—(/lﬂzﬂ.)

- (1_67(/1“1,1) )2 ' (19)

From Equation (19), we obtain variance of Y .

Definition 3: The moment generating function of the random variable Y is given by E(ety) and is

denoted by M, t, Hence
MYt = Zety p(Y) !
vy

if Y is discrete (Walpole et al., 2007).

From Definitions 2 and 3, set Z = €' and We'll have the moment generating function.
G(e‘): E(e‘y): M,t,

1_ e*(ﬂ#»(xﬂ)
My (t) - 1_g it (20)
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Parameter Estimation

The maximum likelihood estimation (MLE) method will be used to explain the parameter estimation
method in this paper.

Let Y,Y,,Y;,...,Y, be random samples drawn from the new discrete weighted exponential
distribution with parameter ¢ and A as defined in Theorem 1. The likelihood function L(y;a,/”t) is

given by:
L(y;a, 2) H p(Yi)

InL(y;er, )= Ian yi)

n

_ z In {e—yi(lﬂxﬂ) [l— e_(/mu)]}

i=1

:(/1+a/1)zn:{—yi}+nIn[l—e’(“‘”)]. o

i=1
By taking partial derivative Equation (21) with respected to parameter & and A, we obtain

n

%InL(y;a,/l) aaa{ﬂ,+ai > {-y, +n|n[1 e(maa)}}

i=1
ﬂ,e (/I+a/1)

:_lz y, b —(Arad) " (22)

%In L(y;e,4) = aa { A+al) 21: -y} +n|n[ (Mﬁ)}}

n(l+a) g ()

) @)
Then Equations (22) and (23) are set to zero respectively.
nie (A+ak)
_’12 y. /1+a,1) =0 (24)
n n(1+ca)e
_(1+0‘)_Zl:{yi}+ (1_e—)(ﬂ+ai) =0 (25)

From Equations (24) and (25), we cannot obtain explicit expression of estimations, then
numerical analysis such as the Newton-Raphson algorithm employs gives the maximum likelihood
estimates of parameter ¢ and 1.

Applications

This section considers two data sets to fit with the new discrete weighted exponential distribution
and other discrete weighted exponential distributions, such as the discrete weighted exponential
distribution demonstrated by Panpharisa et al. in 2018, which we will refer to as dWEP to make this
paper easier to present, and the discrete weighted exponential distribution introduced by Mahdi et al. in
2018, which we will refer to as dWEM. R software was used to do the analysis for this study.

The Akaike information criterion (AIC), Bayesian information criterion (BIC), and Akaike
information criterion corrected (AICc) are used to compare models. The AIC is the most often used fit
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statistic. Let L be the model likelihood, P is the number of parameters (predictors) in the model.
The AIC is
AIC =-2In(L)+2p.
The formulate of BIC is
BIC =-2In(L)+ pIn(n),

with P is number of parameters and N the number of observations in the model.
The formula for AICc depends on AIC. the formula for AICc is as follows;

2p(p+1)

AIC, = AIC + ,
n-p-1

where N denotes the number of observations and P denotes the number of parameters. (Mark J.
Brewer et al., 2016)

Tables 1 and 3 provide the estimates of the parameters AIC, BIC, and AICc for two data sets.
Data set 1: The number of patients infected with influenza A/H1 2009 in Thailand between the first and
fifteenth weeks of 2020. The data is accessible on the Thai National Influenza Center's website. The
numbers are as follows: 15, 15, 19, 24, 24, 15, 12, 19, 19, 10, 15, 3,0, 1, 3.

Table 1 shows the comparison of three models of discrete weighted exponential distribution. The
result is that the value of AIC, BIC, and AICc of dWEM is the smallest in data set 1.

Table 1 Estimated parameters by maximum likelihood method for number of Influenza patient type
A/H1 2009 in Thailand

Distribution Parameter Criterion Model function
estimation
1.New ¢ =10.0360 LL=-53.963 p(y) =g [1_e—<z+az>]
discrete 1_00067 AIC=111.926
weighted e BIC =118.758 y:O,L2,3,... anda, 4 >0
exponential ’
AIC. =112.926
2. dWEP a’\ = 00010 LL = _171999 1_ e(a+1)l + (a _'_:]-)(e]L _1) e(y+1)aﬂ_
i-01487 AIC=347999  p(y)= — @
BIC =354.831 0123 150
AlC, =348.999 Y=0123.. anda, 1>
3. dWEM a=0.1292 LL=-52.858* {(a+/1+a;ty)(1—e’“)—a/le’”}e"“
5 _ AIC =109.716*  p(y)=
A4 =0.3578 a+ A
BIC =116.548 *

AIC, =110.716* y=0,123,..anda>0, 1 >0

Data set 2: The number of European red mites on apple leaves (Mahdi Rasekhi et al., 2018).

Table 2 The number of European redmites on apple leaves.

Count 0 1 2 3 4 5 6 7 >8

Observed 70 38 17 10 9 3 2 1 0

As shown in Table 3, the AIC, BIC, and AICc of the new discrete weighted exponential
distribution are lower than those of the other distributions.
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Table 3 Estimated parameters by maximum likelihood method for number of European red mites on

apple leaves.
Distribution Parameter Criterion Model function
estimation
1.New a=3.8434 LL=-34.585% _ a V(Arad) [ 1 _ q(A+ad)
discrete 1200120 AIC =73.170 * p(y) € [1 € }
weighted e BIC = 77.959 * y:O,LZ,S,... anda, A >0
exponential )
AIC. =75.170*
2. dWEP d = 00022 LL = _151084 1_e(a+l)/1 + (a +l)(ej, _1) e(y+1)a/1
i=1.1003 AIC=306.168 p (v)= e @D
BIC =310.957 0123 150
Alc, =308618 Y=0123. anda, 4>
3. dWEM 4 =0.7356 LL=-222.382 {(a A+ oc/iy)(l—e‘“ ) —a/le“"}e“”
5 AIC =448.765 p(y)=
A=0.1554 a+l
BIC =463.186
AlC, =450.765 y_-01,23.. anda >0, 1>0
Discussion

According to what has been published in other articles, the best model is the one with the lowest
AIC, BIC, and AICc. As an outcome, it is worth highlighting that dWEM had the least AIC, BIC, and AICc
values in the data set 1. Based on the applications offered in the first data set, dWEM is more extensible
than the new discrete weighted exponential distribution and dWEP. However, with the second data set,
the new discrete weighted exponential distribution clearly had the lowest AIC, BIC, and AICc values.
Meanwhile, the suggested new discrete weighted exponential distribution is more tractable since it is
easier to build. This result is similar to that of Oguntunde et al. (2016), who discovered that the weighted
exponential distribution, which was expected to be more tractable than the weighted exponential
distribution proposed by Gupta and Kundu (2009), did not outperform the weighted exponential
distribution when applied to data on the remission time of blood cancer patients. Furthermore, the
finding is similar to that of Adepoju et al. (2014), who discovered that the Kumaraswamy Nakagami
distribution, which was supposed to be more tractable than the Beta Nakagami distribution, was not
tractable.

Conclusion

A continuous weighted exponential distribution is used in this paper to develop the new weighted
exponential distribution, which is created using the discrete method. The new weighted exponential
distribution is shaped like a reversed J. In addition, this paper discusses the pmf, cdf, basic mathematical
properties, and parameter estimation. The new weighted exponential distribution was applied to two
data sets and compared to other discrete weighted exponential distributions, which discovered that the
discrete weighted exponential distribution proposed by Mahdi et al. in 2018 is better for some data sets,
but the new discrete weighted exponential distribution is more tractable because it is easier to construct.
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Abstract

The purpose of the study was to develop an algorithm for High-Temperature Patients Using
thermal images. This process used spectral intensity analysis to determine the range of spectral intensity.
The averaging intensity level of the spectrum of colors emphasized two colors, including red and green.
They were applied to analyze the temperature analysis of a thermal camera. The results of the software
proficiency gathered from 9 test groups consisted of 5 images per group. The results demonstrated that
testing samples of group 1, at 60 °C; group 2, at 55 °C; test group 3, at 50 °C; test group 4, at 45 °C;
test group 5, at 40 °C; test group 6, at 35 °C; test group 7, at 30 °C; and test group 8, at 25 °C, can
produce an output with an accuracy of 80%. In conclusion, the novelty of this research is to determine
the chromaticity of the value retrieved from the image pixel level.

The overview of the developing system proficiency was at a good level. It indicated that the
comparison of the spectrum color group was at a considerably precise level. The system was appropriate
for further application in the analyzing works.

Keywords: Fever, Infrared, Thermal camera, Spectrum Color, Radiation

Introduction

Nowadays, information technology has the increase of usage in humerous organizations. Infrared
thermal imaging has been used in medicine since the early 1960s. In the 1970s computer image
processing of thermograms became available, with increased possibilities for quantitation and archiving
of images (Ring, 1975). especially, an infrared camera. Initially, it was used for specific users and later
used for military purposes. In the late 20th century (Rogalski, 2011). the infrared camera has been used
in the medical field to scan thermal images with an average speed of 1 16 frames per second with low
spatial resolution. (Ring, 1984). Moreover, the use of infrared cameras increases for both industrial and
medical purposes. This resulted in an increased awareness of the need for standardization of
techniques. Two publications were initiated by working groups within the European Thermographic
Association (now European Association of Thermology) to address this question. The first,
'Standardisation of thermography in locomotor diseases—recommended procedure' (Chan,2004). in the
field of medicine Research and development of a screening system for SARS has been widely developed.
It assists in remote screening by means of infrared thermometers (IRT) and is widely used in airports for
screening cross-border travelers (England, 1979) for medical treatment. Thermography shows the
difference in body temperature caused by the heat in the blood flow. which can distinguish the color of
the spectrum depending on the body temperature transferred through the camera It is useful for
evaluation and analysis in surgery (Okada, 2007). Based on this technique, the researchers used this
technique to develop and research a software system that measures patient temperature and
automatically alerts.

Because the body has received foreign substances. such as viruses such as colds, influenza
Dengue fever, measles, avian influenza, chickenpox, hand-foot-mouth disease Herpes zoster etc. Bacteria
such as typhoid fever, jaundice, leptospirosis, whooping cough, cystitis Appendicitis, etc. Inflammation of
tissues or various illnesses, the body, etc. or a body temperature greater than 37.5°C

Fever or pyrexia is a condition where the core temperature or dee-body temperature is defined
as the temperature of the central organs of the body such as the heart, lungs, abdomen, etc. The temperature
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in this area is the actual temperature of the body. body, but in the presence of fever in this area, the
temperature is higher than normal. The body temperature is higher than normal or fever occurs. From
the benefits mentioned earlier, the researcher studied and designed the spectral conversion system. It
converted spectrum values from thermal images to temperature figures. The spectrum of color analysis
of infrared camera images could be beneficial for numerous system applications. Recently developed
techniques have focused on averaging the sum of the intensity levels and processing them on a single
constant. Instead, a newly developed technique divides the intensity level into intensity ranges and then
compares the average measured intensity with the range specified in the measuring template.

Materials and methods
Exploring and analyzing the problem

Recently, auditing and maintaining play an important role in helping business sections and
society; they reduce the costs and issues and increase job security.
Besides, it helps elevate the production proficiency. The best technology that serves this kind of business
is infrared camera technology. The principles of the infrared camera are to detect infrared radiation from
objects. It assists the detection of the unusual phenomenon of the objects as each object has different
heat transfer. The infrared wavelength range is between (0.75-1 micrometer) low wavelength (0.78-3
micrometer), medium wavelength (3-6 micrometer), high wavelength (6-15 micrometer). Most infrared
cameras have a scanning rate of 30 times per second and capture the heat from -20 to 1,500 °C
(Meola,2004). As mentioned earlier, an infrared camera functioned with a face detection system. In
organizations and industrial sectors, the face recognition system and face detector detect the unique
features of the distinct areas of a human's face. The systems can easily spot the heat on the basic
features and unchangeable positions (Yang, 2002). Using this technology shortens the time of the
process.

Infrared imagers

An infrared thermogram is an image of temperature distribution of the target. Although the second
generation of infrared detectors was in use for military applications in the latter half of the 20th century
(Rogalski,2011). (figures 1, 2). Smaller camera units and the use of microbolometers lead to higher
mobility and imaging of objects in the perpendicular view i.e. with the camera mounted in the vertical
position, which can now be used with modern uncooled equipment. However for very high sensitivity
detectors such as the quantum well infrared photodetector, cooling is still necessary.

Figure 1 Zoom in Zoom Out Reset image size

Figure 1 (Left) Thermogram of lateral face recorded in 1995 with 320 x 240 pixels; (right)
thermogram recorded in 2011 with a new 640 x 480 pixel infrared camera.

Figure 2 Zoom in Zoom Out Reset image size

Figure 2 Thermograms of dorsal hand (left) recorded in 1990 with 240 x 320 pixels and right
recorded in 2011 with modern focal plane array camera with 640 x 480 pixels.
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Devices and Instruments

The camera was a Testo 890 made by the German company, with a measuring range of -20 to
350 °C (high temperature measuring of 1200 °C) accuracy of + 2 °C or + 2% of market value, resolution
of 640 x 480 pixels, an overview of the thermal image of 42° x 32°, and heart reaction speed performed
better at 0.05 °C at 30°C, as shown in Figure 1. The program used in the development and design was
Visual studio c#. A detecting system of infrared technology detects the heat emission portion and
converts it into an electronic signal. There are two types of detectors composed of thermal and infrared
photon. The energy from the infrared radiation raises the device's temperature, so the infrared portion is
detected. The infrared photon devices that use Cadmium Mercury Telluride (CMT), Anhydride indium,
Platinum silicide, and quantum diesel device perform faster than thermal detectors (Willimas,2009),
(Alderson,1985).

Research framework

1) Indicate the temperature range: the temperature conversion of the spectrum of colors. In this
process, temperature range indication using the analysis of the color intensity of thermal images.
The temperature used in this analysis was between 20-60 °C (Kaiser,2016).

14.8°C

Figure 3 Thermal range used in the experiment

2) Experimental group consisted of 45 samples. The experiment was divided into nine test
groups, using five samples in each stage. The samples were tested with the software model to find the
precision of the developing software.

Database for the prototype testing using 45 samples
Prototype 1

61.3°C

Figure 4 Thermal image of the prototype 1

Prototype 2

620°C

Figure 5 Thermal image of prototype 2
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Prototype 3

244°C

Figure 6 Thermal image of the prototype 3

The spectrum of colors of images was different depending on the manufacturers. There were
three model images used in the comparison and analysis. The pictures are shown in Picture 4,5,and 6.

Analyzing the median of the 3 prototypes
1) Graph of thermal range of the 3 prototypes

61.3°C @20 08°C
— 60 60,0 600
. _— 55,0
i 50,0 j-500
— 40 450 450
- 400 400
35,0 350
= 20 300 30,0
¢ 250 250
14.8°C 239°C 244°C

Prototype 1 Prototype 2 Prototype 3
Figure 7 Thermal graphs of the 3 prototypes and spectral colors

2) Calculation and analysis of the intensity of the spectrum of colors of each scale demonstrating
in Figure 5. The camera showed the value level of thermal images. The data were presented in the
temperature range only. Color strips had numbers (Alderson ,1995), (Simpson,2008), (Liebel,2012).for
the user to use in the analysis. Graph numbers showed the status of the color strips. The temperature
range and the spectrum of colors were both analyzed to find the color intensity level. At each level of the
graph, presented the temperature of three prototypes covering nine scales, as seen in Tables 1, 2, and 3.

Table 1 The average intensity level of the prototype 1

(thermal image) “':“'“““ Color intensity (Pixel)
© Red | green | blue
60 230 232 223
55 232 222 65
50 210 158 47
45 205 93 45
40 192 47 30
35 180 30 78
30 160 25 130
25 88 17 119
20 29 16 108
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Table 2 The average intensity level of the prototype 2
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(thermal image) te:::mtm Color intensity (Pixel)
Red green blue
60 254 245 170
55 253 200 0
50 247 133 0
45 229 72 21
40 199 15 137
35 144 0 157
30 58 0 146
25 0 67
= 20 0 2

Table 3 The average intensity level of the prototype 3

(thermal image)

temperature

Color intensity (Pixel)

°C Red | green | blue
60 254 250 212
55 253 212 10
50 246 141 0
45 234 80 10
40 201 18 132
35 148 0 156
30 59 0 146
25 2 0 50
20 1 0 6

For accurate and precision results, the temperature range was at 20-60 °C. The scope was in

nine scales, 5 degrees Celsius each.

3) Color intensity arithmetic mean analysis, from 3 prototypes shown in Table 1,2, and 3, were
analyzed to discover the change rate affected the portion of the intensity of spectrum as shown in Table
4. The analysis used graphs to reveal the average changing rate of all three prototypes. Following,
selecting steady spectral colors to use as a prototype in the comparison analysis (Alderson,1995),

(Simpson,2008), (Liebel,2012).

Table 4 The average intensity level of the 3 prototypes

Tempera | The average intensity level of  (pixel)
_;E; the 3 prototypes

Red green blue
60 246 242 201
55 246 211 25
50 234 144 16
45 223 82 25
40 197 27 100
35 157 10 130
30 92 8 141
25 30 6 79
20 10 5 39

4) Analysis of a steady trend of color, the color intensity of spectrum on the changing temperature of the
3 prototypes. It acted as a primary model to use in the comparison (Metz,1978).
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Figure 8 Graph of the color intensity at increasing temperature of the prototype 1

Graph prototype 2

150
100

50

w—ge=Temp. w==g==Red

green

Figure 9 Graph of the color intensity at increasing temperature of the prototype 2
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Figure 10 Graph of the color intensity at increasing temperature of the prototype 3
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The average graph of the 3 prototypes

YSOO

=l Temp. ==le==Red green blue
Figure 11 Graph of the color intensity at increasing temperature of the 3 prototypes

The graphs in Figures 9-11 showed the primary colors included red, green, and blue. When the
temperature increased from 20 °C to 60 °C, the red and green graphs were at a noticeably steady level.
As can be seen that the green and red figures had a stable trend, which these two graphs would be as
primary data for the comparison.

Table 5 The average color intensity level of each temperature range. From the analysis, red and green
were appropriate for the application, as shown in the table.

Temperature Color intensity (Pixel)
°C Red green

60 246 242
55 246 211
50 234 144
45 223 82

40 197 27

35 157 10

30 92 8

25 30 6

20 10 5

Finding the temperature range prototype

The intensity level of spectral colors was the average of the three prototypes, and the steady
graphs included green and red. The system revaluated the graph values for a more precise rate. It
increased the scope of the temperature range, as shown in Figure 12.

Spectral at tempe ra;ure
45¢

Upper edge intensity system
— R=(234+223)12 G=(144+82)12

Calculated intensity range R=(210-228) G=(54-113)

R=(223+197)2 .G=(82+27)2

—
Lower margin intensity system

Figure 12 Analysis principle of the upper edge and lower margin color intensity of spectral heat
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Table 6 The level of spectral color intensity implemented in the primary database, used in the upper
edge and lower margin analysis

Temperature | Color intensity
°C

Red Green
60 246-255 | 226-255
55 240-246 | 177-226
50 228-240 | 113-177
45 210-228 | 54-113
40 177-210 | 18-54
35 124-177 | 9-18
30 61-124 7-9
25 20-61 5-7
20 1-10 1-5

As presented in Table 6, the data used as the primary data of comparison for the analysis.
The data yielded the averaging temperature in each range of the color intensity of the thermal images.
Besides, there were only two colors implemented; the spectrums of red and green.

System design
Context Diagram of the system

[ Process \

Capture |1.Face Capture Output| \/pice

2.Spectra Colors Alert
Analysis
3.Colors Comparison

—

Figure 13 Overview of context diagram of the system

Thermal
Image

System components

loudspeaker

Thermal camera

-
PC computer

Figure 14 System components
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System process

Figure 15 System process

Start

Image From Thermography

¥
| Image Capture |

)

Tmage Spectum Analysis

¥

Spectral Colors Comparison

)

Voice and Message Result

Color intensity spectroscopy system used to measure fever

Temperature Color intensity
°C
Red Green

60 246-255 | 226-255
55 240-246 | 177-226
50 228-240 | 113-177
45 210-228 | 54-113
40 4 | 177-210 | 18-54 ¢
35 + | 124277 | 9-a8 ]
30 61-124 7-9

25 20-61 5-7

20 1-10 1-5

Figure 16 The level of spectral color intensity

Vol. 21 No. 2 [2022]: 244792
doi: 10.14416/j.appsci.2022.02.004

Which controls heat to maintain body temperature at about 36-37 degrees Celsius or 98.6
Fahrenheit (Fahrenheit) because the average body temperature is approximately 36.8 £ 0.4 © C (98.2 £
0.7 ° F), or a body temperature greater than 37.5 ° C in the morning and greater than 37.7 ° C in the
evening. If the body has a higher temperature than that, it means "fever" This is where we focus on
processing temperatures above 37.5°C. The temperature range 35-40 is the red spectrum (177 + 124) /
2 = 150 and the green spectrum (9 +18) / 2 = 14.

Figure 17 Thermal screening of a woman's face. University of Nottingham 2018. Courtesy university of

Nottingham
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Algorithm System
imgCapture.Image = imgVideo.Image;
Bitmap bmap = newBitmap(imgCapture.Image);
Color c;
for (inti = 0; i<bmap.Width; i++)
{
for (int j = 0; j <bmap.Height; j++)

{
¢ = bmap.GetPixel(i, j);
byte chk_R = (byte)(c.R );
byte chk_G = (byte)(c.G);
if ((chk_R > =246) && (chk_G > =226))
{

Celcias=60;
textl = "The temperature is 60";

b
Else if ((chk_R > =240) && (chk_G > =177))

{
Celcias=55;
textl = " The temperature is 55";
b
Else if ((chk_R > =228) && (chk_G > =133))
{
Celcias=50;
textl =" The temperature is 50";
b
Else if ((chk_R > =210) && (chk_G > =54))
{
Celcias=45;
textl =" The temperature is 45";
b
Else if ((chk_R > =177) && (chk_G > =18))
{
Celcias=40;

textl = " The temperature is 40";

by
Else if ((chk_R >= 150) &&(chk_G > =14))
{
Celcias=37.5;
textl = "You are fever and temperature is Very high";
} (Northam, 2014), ( US Army Natick Soldier RD&E Center, 2007).
Else if ((chk_R > =124) && (chk_G > =9))
{
Celcias=35;
textl = " The temperature is 35";

be
Else if ((chk R > =61) && (chk_G > =7))
{

Celcias=30;
textl = " The temperature is 301 ";

b
Else if ((chk_R > =20) && (chk_G > =5))

{
Celcias=25;
textl = " The temperature is 25 ";
b

-10 -
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Else if ((chk_R > =1) && (chk_G > =1))
{
Celcias=20;
textl = " The temperature is 20; ";

}

SpeechSynthesizer synthesizer = new
SpeechSynthesizer();
synthesizer.Volume = 100;
synthesizer.Rate = 0;
synthesizer.Speak(textl);

System design and system development

This study developed the prototype system to convert the temperature of any object from an
infrared camera. Visual C# program was as a tool to design the prototype and the user interface. A
webcam was a receiving device for capturing images from a camera as the data for the analysis.

GUI system design

cwrupeadvanmoldonioeudon

Ouputs
Tusiymes lundssia

Nobody

s lumdiadidy 0

Figure 18 Overview of GUI system

As seen in Figure 13, the context diagram of the system acted as a system overview. It received
images from an infrared camera and converted the heating value. Then, informed the user of the
temperature value by a voice message.

System testing
Assessment of the accuracy and precision: using accuracy assessment. This method is a means
to evaluate the accuracy of the imaging analysis in the database. The system considered the number of
the sample images that were accurate compared with the primary pictures in the database, as shown in
the equation (Bonnett,2006), (Sefton,2010), (Holey,2011).
%Accuracy = 100 - %Error

X

mea

X,

Relative error =

t

%Error = Relative error x 100
When Xnea equals measure value

X equals true value  ISO Definition (ISO 5725)

-11 -
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Results
System development
Graphic User Interface)

Tuwiiwenslunisens
Nobody

FLT IRt 0

Figure 19 User interface

Other applications have shown that monitoring stent insertion sites and peripheral circulation
with thermal imaging is an efficient means of assessing the need for revision of the arterio-venous
fistula. Thermal imaging is now increasingly used for imaging different physiological reactions induced by
non-drug treatments such as massage [21]. (Wu, 2009). or manual therapy (Mori H, 2004). Temperature
distribution of the skin during and after physical exercise has been reported (Zontak A ,1998),
(Ferreira,2008), (Merla A,2010)

System proficiency testing:

for temperature measurement of the software using images from the infrared camera. Pictures
from the test groups showed in quantitative and qualitative means. Data retrieved from 9 test groups, 5
per group, 45 images in total. The following step: the software analysis to find the precision proficiency
and acceptance test by the user.

The assessment system evaluates the proficiency of information technology systems and
software. There are four parts of the system as follows:

1. Function Requirement Test

2. Function Test

3. Usability Test

4. Security Test

In this experiment, the process focused on the system or software proficiency, so only a function
test was used. Thermal images were applied in the preparation stage, retrieving from the Thermoscan
camera in *.jpg consisting of 45 thermal images. The pictures were divided into 9 test groups, containing
five images per group, as presented in Figure 20.

Test group 1: 5 thermal images at 60 °C

Test group 2: 5 thermal images at 55 °C

Test group 3: 5 thermal images at 50 °C

Test group 4: 5 thermal images at 45 °C

Test group 5: 5 thermal images at 40 °C

Test group 6: 5 thermal images at 35 °C

Test group 7: 5 thermal images at 30 °C

Test group 8: 5 thermal images at 25 °C

Test group 9: 5 thermal images at 20 °C

-12 -
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Group Test |Data set 1|Data set 2 |Data set 3 |Data set 4 |[Data set s
. Thermal image
at 60 degrees

Celsius
p.Thermal imagé
at 55 degrees
Celsius
p.Thermal imagd
at 50 degrees
Celsius
t.Thermal imagéd
at 45 degrees
Celsius
I5.Thermal imagéd
at 40 degrees
Celsius
e.-Thermal imagg
at 35 degrees

Celsius
7. Thermal image
at 30 degrees
Celsius
s.Thermal image
at 25 degrees

Celsius
lo.Thermal imagéd
at 20 degrees

Celsius

Figure 20 Group tests of the thermal spectrum

LUTE
LU

Implementing and assessing the system
Table 7 The precision comparison of 45 images of the test groups

Amount |Accurate readable| gelative Error | % Error | %Accuracy

Test group of data information
Ceoages 5 4 1 20% | 80%
Celsius
th'l'ée'g,"e‘ef 5 4 1 20% | 80%
i 5 4 1 20% | 80%
Celsius
l4.Thermal imagel
atctuI; fiegnaegs 5 4 1 20% 80%
Ciiees| 5 4 1 | 20% | 80%
Celsius
ths?d'eg"‘ei 5 4 1 20% | 80%
[7.Thermal image| -
atci?s?:smg 5 4 1 2 O% 80%
Wi 5 4 1 20% | 80%
e.mgsr:aulsimage s
atclelils(i:llfsgmes 5 4 1 20% 80%
Total 45 40 9 20% | 80%

From Table 7, the proficiency assessment using to test the precision of the analysis of
temperature of thermal image spectrum. The samples consisted of 9 test groups, five images
each, 45 images in total. The results are as follows:

Test group 1 had the precision of 80%

Test group 2 had the precision of 80%

Test group 3 had the precision of 80%

Test group 4 had the precision of 80%

Test group 5 had the precision of 80%

Test group 6 had the precision of 80%

Test group 7 had the precision of 80%

Test group 8 had the precision of 80%

Test group 9 had the precision of 80%

The average precision of the system was 80%, considered as an excellent level. As seen in
Table 7, the precision evaluation using the thermal images of 9 test groups, 5 per group, 45 in total. The
finding revealed that the precision was 80%, considered excellent. The suggestions for more precise
results include the proximity should be less than three meters between the thermal detectors and the
objects; the room should be entirely closed without airflow because it will cool off the object's heat.
Moreover, the refrigerating rooms are not suitable for the system analysis because the heat radiation will
be inaccurate. Lastly, a camera should be of high quality for accurate results.

-13 -
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Discussion

The findings of the research consisted of the results from two sources of data. The first source
was from a system precision assessment using the thermal spectrum of the developing software.
The other source was thermal images of 9 test groups. The results show that the averaging precision
was 80%, considered a good level. Recently developed techniques have focused on averaging the sum of
the intensity levels and processing them on a single constant. Instead, a newly developed technique
divides the intensity level into intensity ranges and then compares the average measured intensity with
the range specified in the measuring template.

Conclusion

The developing software was preferably precise at 80%; however, the temperature range
illustrated in each scale was not. Temperature data presented in 5 degrees instead of 1 degree,
considered as not precise. In the future, the development of an algorithm to show the data in the
one-degree is a must. Prospectively, there should be a comparison with other systems or related
research; to reach the desired precision. Later on, the system can be valuable in analyzing systems and
temperature screening works. In conclusion, the novelty of this research is to determine the chromaticity
of the value retrieved from the image pixel level.
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Abstract

The purpose of this research is to compare the efficiency detection of process parameter shift for gamma distribution Control
Chart, Triple Exponentially Weighted Moving Average Control Chart (TEWMA), Double Homogeneously Weighted Moving
Average Control Chart (DHWMA), and Double-Modified Exponentially Weighted Moving Average Control Chart
(DMEWMA). The process of this research is imitated by using Monte Carlo Simulation Technique for 20,000 iterations. The
data is defined by gamma distribution with scale and location parameter those are 1, 2, and 8. Smoothing parameter (A ) are
0.03, 0.05, 0.07, 0.1, 0.3, 0.5 and process shift sizes (0 ) are 0.01 - 0.5 respectively. The criterion is considered by out-of-
control process (Average Run Length: ARL ) which is the most efficiency control chart will show the least average run length
(ARL;) . The result indicates that three control charts of efficiency control chart are not different for detecting the process

parameter shift for gamma distribution

Keywords: DHWMA control chart, TEWMA control chart, DMEWMA control chart, Average run length
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M919i 1 ﬂ’.ﬂllEJTJ%IUL‘Q%ﬂ!ﬁﬂﬂiZ‘U’JuﬂﬁﬂﬂﬂufJﬂﬂﬁﬂT}JﬂN"IIENLLNuQﬁﬂ’J‘]JﬂiJ TEWMA, DHWMA, DMEWMA
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) S5 TEWMA DHWMA DMEWMA DMEWMA 2
0.03 0.01 359.170 364.956 357.614 346.494
0.02 346.346 357.156 333.206 339.032
0.03 314.260 330.690 325.422 318.904
0.04 305.248 326.06 304.610 299.828
0.05 286.052 318.994 287.102 288.93
0.06 282.072 303.180 277.464 273.610
0.07 268.504 257.782 262.428 265.248
0.08 255.882 251.482 235.888 240.806
0.09 242.228 236.064 227.424 230.018
0.1 228.856 218.190 213.652 226.546
0.2 174.572 93.116 150.364 146.338
0.3 145.812 47.300 114.200 116.870
0.4 129.610 28.410 98.066 98.488
0.5 119.758 17.622 88.644 88.166
0.05 0.01 353.468 366.658 349.976 349.164
0.02 338.920 330.688 330.538 336.112
0.03 319.332 327.292 320.486 326.814
0.04 292.884 302.564 296.688 297.434
0.05 283.230 295.37 286.714 281.504
0.06 266.532 281.838 272.056 268.102
0.07 258.484 257.314 250.958 261.734
0.08 247.728 231.528 237.776 241.890
0.09 220.690 214.276 225.294 220.378
0.1 216.022 209.174 221.916 217.26
0.2 135.166 81.626 127.168 128.748
0.3 104.312 43.262 91.444 89.994
0.4 88.768 26.808 72.466 72.980
0.5 78.936 19.020 61.812 61.852
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M99 1 (AB) ANNEITUIRABINBNIZUIUNTODNUBNMTAIUANVDILHUYLUAIUAY TEWMA, DHWMA, DMEWMA

uaz DMEWMA2 n3didoyalimsuanuaaunuun Glay =1 £, =1)

AUYITURABVDWNUNTAIUAY

) S TEWMA DHWMA DMEWMA DMEWMA 2

0.07 0.01 359.736 362.410 352.066 353.382
0.02 342.732 336.762 347.724 332.136
0.03 339.566 319.486 319.66 322.546
0.04 326.666 298.792 315.522 300.698
0.05 306.176 285.430 288.200 291.758
0.06 296.412 283.726 285.690 269.152
0.07 266.794 244.174 254.928 263.040
0.08 251.838 240.272 251.634 236.744
0.09 238.346 205.266 220.104 223.408
0.1 214.43 185.172 217.866 219.196
0.2 127.906 75.634 126.556 126.222
0.3 91.800 43.432 80.538 80.148
0.4 71.598 25.148 60.908 63.020
0.5 62.770 18.726 52.220 50.522

0.1 0.01 360.828 343.074 365.438 347.260
0.02 336.638 336.284 332.334 340.986
0.03 319.562 305.930 327.222 333.006
0.04 297.366 304.958 316.612 296.600
0.05 284.364 284.776 294.140 289.324
0.06 275.450 254.148 283.172 263.736
0.07 266.806 252.356 277.374 267.652
0.08 255.612 237.378 257.360 244.792
0.09 228.090 228.600 234.932 241.934
0.1 218.506 192.204 224.466 227.024
0.2 124.898 87.722 131.580 125.716
0.3 79.074 44.926 76.444 78.192
0.4 60.052 28.192 56.874 53.906
0.5 50.454 21.138 44.604 43.354

-11 -



The Journal of Applied Science Vol. 21 No. 2 [2022]: 247334
NsRFINeEdaslssene doi: 10.14416/j.appsci.2022.02.006

M99 1 (AB) ANNEITUIRABINBNIZUIUNTODNUBNMTAIUANVDILHUYLUAIUAY TEWMA, DHWMA, DMEWMA

uaz DMEWMA2 n3didoyalimsuanuaaunuun Glay =1 £, =1)

AUYITURABVDINUNTAILAY

) S TEWMA DHWMA DMEWMA DMEWMA 2

0.3 0.01 356.368 362.760 362.560 357.120
0.02 349.586 352.336 358.078 355.788
0.03 326.526 330.510 347.522 339.426
0.04 322.578 328.310 338.222 338.274
0.05 316.732 314.070 314.032 330.238
0.06 302.602 303.966 312.290 315.984
0.07 301.376 292.380 309.838 310.616
0.08 294.488 272.394 295.260 298.772
0.09 278.162 255.994 291.216 293.196
0.1 272.046 253.934 289.228 286.452
0.2 165.638 167.004 196.080 197.702
0.3 108.796 102.038 122.604 125.006
0.4 71.338 72.780 89.114 81.284
0.5 49.826 55.234 59.940 51.148

0.5 0.01 366.978 362.590 369.966 360.356
0.02 360.632 351.620 360.028 352.006
0.03 345.522 343.944 354.638 346.432
0.04 344.440 336.774 353.256 343.700
0.05 332.530 332.272 352.536 330.316
0.06 328.100 322.168 338.546 321.048
0.07 319.526 317.442 334.330 320.114
0.08 318.708 309.034 305.940 317.446
0.09 311.118 300.652 301.800 305.100
0.1 304.23 297.562 296.436 303.892
0.2 221.574 232.850 232.878 239.430
0.3 143.452 174.286 165.030 161.120
0.4 107.808 124.506 126.122 126.254
0.5 76.184 82.594 86.682 85.190
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A1519N 2 mmﬂn%”umﬁmﬁaﬂizuaumﬁaanuaﬂmimuqmamwugﬁﬂmﬂu TEWMA, DHWMA, DMEWMA, tlag

DMEWMA?2 3 @i903alimsuanuaaunum

ANEITUIRABVBIHUYTAIUAY

) S5 TEWMA DHWMA DMEWMA DMEWMA 2
0.03 0.01 346.600 368.318 349.464 356.490
0.02 337.192 355.308 337.076 344.784
0.03 322.270 328.974 319.020 318.860
0.04 309.912 322.168 316.326 303.582
0.05 287.210 288.556 292.510 290.698
0.06 270.194 277.902 262.032 270.448
0.07 267.734 267.488 260.480 261.006
0.08 250.406 255.226 235.676 243.568
0.09 244.908 217.098 231.716 231.906
0.1 231.748 199.612 229.480 212.760
0.2 170.592 90.440 148.024 146.030
0.3 144.036 45.150 116.554 115.212
0.4 130.466 28.068 99.580 98.926
0.5 118.610 19.058 87.450 88.454
0.05 0.01 353.882 364.868 357.476 353.700
0.02 331.246 346.854 336.566 344.524
0.03 315.370 332.138 331.744 324.596
0.04 297.678 296.084 297.018 312.822
0.05 283.784 292.664 288.218 296.126
0.06 263.682 276.360 264.796 276.890
0.07 254.356 242.262 263.442 274.258
0.08 253.200 237.706 243.798 241.926
0.09 214.580 213.866 216.208 230.900
0.1 211.676 192.982 207.930 211.786
0.2 139.486 83.490 126.814 124.682
0.3 103.828 42.112 91.462 91.796
0.4 88.826 26.504 73.482 74.008
0.5 78.774 19.998 61.916 63.204
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M3199 2 (AB) ANNEITUIRABIIBNIZUIUNTODNUBNNTAIVANVOILKUUAIUAY TEWMA, DHWMA, DMEWMA,

1Az DMEWMA?2 n3didoyalin1santaaunun

AUYITURABVDINUNTAILAY

) S TEWMA DHWMA DMEWMA DMEWMA 2
0.07 0.01 357.466 355.784 365.806 348.250
0.02 349.896 345.148 348.976 327.742
0.03 330.402 342.832 336.448 323.998
0.04 314.668 304.584 319.296 315.426
0.05 297.722 297.552 313.896 294.454
0.06 267.298 262.810 289.584 279.560
0.07 264.136 244.454 288.110 260.530
0.08 238.960 232.258 274.516 244.436
0.09 229.100 221.018 254.598 229.260
0.1 222310 204.732 249.688 216.210
0.2 124.650 92.456 132.740 123.886
0.3 89.190 41.264 82.938 79.094
0.4 71.056 27.294 63.266 62.558
0.5 62.058 20.712 52.718 50.652
0.1 0.01 354.114 353.644 363.550 349.376
0.02 348.574 321.744 356.234 342.846
0.03 319.764 312.478 348.940 328.360
0.04 316.302 305.546 328.082 327.884
0.05 301.234 279.834 323.118 303.834
0.06 290.314 264.766 304.486 297.810
0.07 269.992 235.042 299.104 289.184
0.08 253.590 217.390 276.566 268.736
0.09 249.304 197.992 253.798 258.738
0.1 233.358 174.536 258.220 240.596
0.2 124.254 85.362 139.996 128.616
0.3 83.190 43.514 89.336 84.688
0.4 61.042 30.228 60.634 58.568
0.5 50.316 20.450 45.636 45.620
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M99 2 (AB) ANNBITUIRABIIBNIZUIUNTODNUBNNTAIVANVOILHUUAIUANY TEWMA, DHWMA, DMEWMA,

1Az DMEWMA?2 n3didoyalin1santaaunun

AUYITURABVDINUNTAILAY

) S TEWMA DHWMA DMEWMA DMEWMA 2

0.3 0.01 366.270 360.130 368.016 355.156
0.02 362.420 349.528 366.114 353.128
0.03 352.194 338.166 351.306 351.846
0.04 346.914 328.932 349.890 331.938
0.05 341.552 319.904 349.098 317.992
0.06 312.074 305.444 346.502 311.926
0.07 307.500 290.006 339.422 309.786
0.08 291.970 271.734 319.814 297.988
0.09 276.972 269.234 318.562 293.780
0.1 263.954 266.220 294.854 292.096
0.2 182.726 161.804 196.108 184.944
0.3 108.760 110.810 139.082 127.982
0.4 73.356 75.326 91.958 80.242
0.5 53.088 57.638 60.426 59.978

0.5 0.01 359.254 364.314 357.526 361.056
0.02 352.192 359.118 348.706 357.548
0.03 332.018 341.036 338.496 356.376
0.04 327.290 331.764 333.496 344.536
0.05 322.708 332.728 332.380 343.742
0.06 309.576 328.868 327.086 338.188
0.07 308.464 322.960 317.274 324.034
0.08 305.214 303.544 313.838 311.378
0.09 299.802 302.670 299.600 310.942
0.1 283.342 282.604 297.300 305.050
0.2 223.810 229.992 236.220 242.598
0.3 135.626 173.844 175.778 193.858
0.4 102.702 125.924 121.848 123.102
0.5 65.868 92.188 78.392 87.350
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M9519N 3 ﬂ313JEﬂ?%jumaﬂlﬁﬂﬂiz‘]_lTluﬂﬁﬂ@ﬂu@ﬂﬂﬁﬂ?l‘]JﬂiJ"lJEN!LWHQﬁﬂ’JUﬂIJ TEWMA, DHWMA, DMEWMA, Liag

DMEWMA?2 n3@idoyalimsuanuaaunuimn Glag =2,y =1)

ANEITUINABVBIHUYTAIUAY

) S5 TEWMA DHWMA DMEWMA DMEWMA 2

0.03 0.01 356.480 366.762 366.426 353.542
0.02 347.154 355.300 359.778 334.186
0.03 343.926 337.138 336.662 331.868
0.04 326.094 320.154 328.540 307.432
0.05 320.468 305.174 319.772 301.840
0.06 308.470 282.424 306.786 298.460
0.07 304.716 277.948 292.748 283.110
0.08 289.308 263.908 287.868 272.912
0.09 276.934 259.268 283.674 271.424
0.1 267.646 247.760 270.158 253.416
0.2 211.144 145.874 194.816 181.158
0.3 180.464 70.528 152.656 150.798
0.4 160.480 42.948 130.966 125.456
0.5 149.230 30.928 116.522 114.188

0.05 0.01 359.718 362.666 364.180 365.948
0.02 352.556 347.458 352.336 345.732
0.03 332.462 329.742 331.038 339.306
0.04 328.062 326.024 327.336 327.294
0.05 312.884 324.398 324.160 311.390
0.06 304.972 296.690 310.312 300.48
0.07 302.856 277.248 290.824 283.542
0.08 284.462 276.83 280.346 270.688
0.09 268.830 267.974 267.384 266.054
0.1 250.018 246.162 255.692 252.808
0.2 175.344 148.446 172.284 171.358
0.3 133.018 72.058 124.996 118.976
0.4 114.948 46.218 98.622 99.664
0.5 102.142 33.078 85.448 83.992
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M99 3 (AB) ANNEITUIRABIIBNIZUIUNTODNUBNNTAIVANVOILHUUAIUAY TEWMA, DHWMA, DMEWMA,

uaz DMEWMA2 nsdidoyalimsuanuaaunuin Glag =2, 4, =1)

AUYITURABVDINUNTAILAY

) S TEWMA DHWMA DMEWMA DMEWMA 2
0.07 0.01 368.502 352.538 360.444 357.668
0.02 358.254 345.278 358.522 337.098
0.03 342.362 344.796 346.268 330.300
0.04 339.550 334.532 339.326 325.744
0.05 325.620 300.896 322.206 317.000
0.06 302.230 299.466 319.686 295.526
0.07 295.924 290.312 307.450 293.986
0.08 291.014 282.872 295.506 270.476
0.09 280.162 252.456 280.242 266.630
0.1 257.596 248.464 274.486 263.178
0.2 174.674 154.164 176.594 163.778
0.3 123.140 73.494 119.402 121.476
0.4 95.550 45.408 90.434 84.770
0.5 82.126 31.200 71.670 72.380
0.1 0.01 353.134 359.894 356.348 365.768
0.02 345.698 344.170 345.788 361.034
0.03 340.860 341.184 338.240 347.146
0.04 331.548 321.772 328.440 333.958
0.05 322.434 304.840 316.870 332.058
0.06 302.836 303.35 302.032 312.998
0.07 287.234 273.502 295.786 310.002
0.08 277.530 270.970 289.702 306.962
0.09 275.814 257.154 271.658 278.586
0.1 271.138 234.176 268.234 274.790
0.2 175.354 142.666 187.556 189.136
0.3 116.094 78.392 109.292 127.892
0.4 86.458 78.392 84.462 88.870
0.5 68.546 34.158 66.480 66.304
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M99 3 (AB) ANNEITUIRRBIIBNIZUIUNTODNUBNNTAIVANVOILKUNUAIUAY TEWMA, DHWMA, DMEWMA,

uaz DMEWMA2 nsdidoyalimsuanuaunuin Gla, =2, 4, =1)

AUYITURABVDINUNTAILAY

) S TEWMA DHWMA DMEWMA DMEWMA 2

0.3 0.01 352.094 360.380 366.838 368.830
0.02 345.706 358.732 351.934 350.780
0.03 344.192 345.944 346.346 349.448
0.04 339.344 340.550 348.284 348.514
0.05 322.250 338.342 335.216 343.256
0.06 320.266 324.962 322.614 337.190
0.07 318.068 317.694 321.114 328.716
0.08 311.718 301.63 316.866 323.252
0.09 310.396 299.100 309.416 307.330
0.1 306.280 278.06 302.372 300.894
0.2 211.618 197.232 239.668 253.170
0.3 160.358 141.716 166.870 180.982
0.4 102.630 108.506 124.842 124.860
0.5 80.422 74.372 92.320 94.976

0.5 0.01 367.758 365.400 366.502 365.376
0.02 351.858 360.394 356.722 359.332
0.03 342.176 351.072 350.786 354.220
0.04 340.726 342.624 338.948 349.104
0.05 333.748 341.440 337.148 341.590
0.06 330.010 339.706 334.064 331.106
0.07 329.022 333.150 328.334 329.736
0.08 327.072 331.522 325.124 328.956
0.09 307.834 328.768 319.120 325.464
0.1 300.688 323.150 315.322 313.644
0.2 250.886 310.440 266.132 261.618
0.3 190.440 209.420 210.358 228.426
0.4 148.410 165.506 157.856 169.834
0.5 110.260 122.232 121.482 143.882
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1ah 4 ﬂ313JEﬂ?%jumaﬂlﬁﬂﬂiz‘]_lTluﬂﬁﬂ@ﬂu@ﬂﬂﬁﬂ?l‘]JﬂiJ"lJEN!LWHQﬁﬂ’JUﬂIJ TEWMA, DHWMA, DMEWMA, ilag

DMEWMA?2 n3@idoyalimsuanuasunuin Glag = 2, 4 = 2)

ANEITUIRABVBIHUYTAIUAY

) S5 TEWMA DHWMA DMEWMA DMEWMA 2

0.03 0.01 354.064 348.534 361.748 348.044
0.02 348.816 332.600 348.864 341.216
0.03 344.298 327.376 344.994 332.802
0.04 329.132 318.090 329.02 318.998
0.05 317.864 312.230 319.514 315.410
0.06 305.120 305.764 301.088 298.814
0.07 302.864 283.784 296.262 294.004
0.08 288.842 279.606 293.114 282.166
0.09 272.050 264.096 278.294 267.934
0.1 269.034 258.556 267.458 259.230
0.2 205.986 139.598 196.848 181.234
0.3 176.486 68.286 154.540 148.846
0.4 159.324 44.254 130.894 129.400
0.5 149.662 29.818 116.146 114.43

0.05 0.01 359.546 367.548 362.530 361.992
0.02 353.824 350.042 348.360 356.744
0.03 335.018 343.146 343.340 334.068
0.04 322.478 328.660 329.526 323.168
0.05 304.154 310.452 316.864 319.44
0.06 301.902 311.058 293.196 301.074
0.07 275.356 291.706 290.454 287.436
0.08 271.968 287.100 277.312 284.862
0.09 261.776 270.384 271.296 267.292
0.1 243.474 264.844 248.952 266.522
0.2 174.952 143.200 178.772 167.886
0.3 133.140 76.092 125.576 127.456
0.4 112.642 46.100 100.588 98.638
0.5 101.760 32.556 86.048 85.760
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M99 4 (AB) ANNEITUIRABIUBONIZUIUNITOBNUBNNTAIUAUUDIHUYUAIUAN TEWMA, DHWMA, DMEWMA,

uaz DMEWMA2 nsdideyalimsuantuasunuin G(ay =2, £, = 2)

AUYITURABVDINUNTAILAY

) S TEWMA DHWMA DMEWMA DMEWMA 2
0.07 0.01 366.174 360.282 361.284 362.550
0.02 342.974 351.742 348.060 346.990
0.03 320.726 339.506 342.486 331.724
0.04 308.430 335.436 331.668 328.172
0.05 305.956 309.672 320.528 309.570
0.06 287.644 302.306 318.854 303.758
0.07 286.116 282.406 297.620 291.360
0.08 282.060 270.044 295.950 283.624
0.09 276.188 264.536 292.576 277.790
0.1 252.974 259.826 275.790 261.054
0.2 164.328 132.812 175.756 175.128
0.3 120.806 74.558 120.072 116.672
0.4 94.626 40.430 90.816 87.788
0.5 81.458 32.226 73.296 72.048
0.1 0.01 366.368 354.406 359.236 356.494
0.02 340.312 341.032 349.170 350.724
0.03 338.024 339.374 337.974 337.418
0.04 337.798 335.678 336.464 331.056
0.05 326.726 322.262 319.814 323.100
0.06 309.894 292.956 308.482 314.122
0.07 302.206 290.962 291.548 310.798
0.08 297.772 264.308 277.452 306.934
0.09 287.904 257.278 270.852 278.310
0.1 272.224 240.686 256.574 277.820
0.2 172.452 127.588 178.540 166.542
0.3 123.956 77.804 121.530 121.776
0.4 87.772 48.308 81.596 87.548
0.5 71.620 33.994 69.190 66.452
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M99 4 (AB) ANNIITUIRRBIIBNIZUIUNTODNUBNNTAIVANVOILHUUAIUAY TEWMA, DHWMA, DMEWMA,

uaz DMEWMA2 nsdideyalimsuantuasunuin G(ay =2, £, = 2)

AUYITURABVDINUNTAILAY

) S TEWMA DHWMA DMEWMA DMEWMA 2

0.3 0.01 363.678 352.648 364.472 367.260
0.02 357.004 349.544 359.090 364.074
0.03 340.038 343.590 350.614 354.328
0.04 333.248 324.252 344.800 343.008
0.05 326.872 312.078 342.964 341.162
0.06 317.790 308.098 340.048 333.056
0.07 316.082 297.994 332.524 326.048
0.08 304.436 295.206 309.544 313.858
0.09 298.588 276.132 316.124 314.048
0.1 292.588 274.250 297.534 305.136
0.2 201.284 195.100 248.258 241.348
0.3 144.972 137.166 175.028 175.856
0.4 113.520 97.818 120.456 129.034
0.5 76.168 72.518 91.454 87.710

0.5 0.01 362.322 362.724 360.914 368.534
0.02 357.548 352.736 349.524 360.430
0.03 352.092 347.214 346.802 356.636
0.04 349.954 339.480 341.304 354.120
0.05 345.652 336.472 339.408 347.740
0.06 338.486 317.798 334.130 342.536
0.07 334.318 317.832 333.804 332.138
0.08 333.184 315.234 330.376 329.676
0.09 320.380 314.234 325.870 322.996
0.1 316.042 311.272 317.470 318.192
0.2 260.228 252.708 270.972 275.936
0.3 206.320 195.236 217.142 214.524
0.4 139.116 159.756 169.664 171.826
0.5 114.200 122.126 133.120 132.314
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M91aN 5 ﬂQWEJEﬂ?%‘L!maEJLﬁ@ﬂiZ‘UTHﬂﬁﬂ@ﬂu@ﬂfﬂiﬂ?UﬂNﬂJﬂQLLWHQﬁﬂ’JUﬂN TEWMA, DHWMA, DMEWMA, Liag

DMEWMA?2 n3@idoyatimsuanuasunuin G(a, =1, 4, =8)

ANEITUIRABVBIHUYTAIUAY

) S5 TEWMA DHWMA DMEWMA DMEWMA 2
0.03 0.01 355.482 355.948 353.526 355.434
0.02 335.322 355.948 342.130 335.214
0.03 330.204 314.250 323.044 318.484
0.04 316.824 295.456 308.264 305.652
0.05 304.650 276.852 288.334 292.574
0.06 281.204 265.066 270.304 281.874
0.07 279.376 254.270 259.744 260.848
0.08 256.628 219.866 244.478 244.570
0.09 244.648 217.352 236.618 230.934
0.1 237.104 193.804 213.236 216.904
0.2 171.586 79.478 148.052 146.194
0.3 145.946 42.258 116.504 115.518
0.4 131.354 26.026 99.736 99.458
0.5 120.840 16.574 88.400 88.926
0.05 0.01 353.484 348.322 354.536 351.804
0.02 344.892 319.188 349.746 349.330
0.03 331.098 304.438 316.044 319.960
0.04 309.724 294.072 306.306 302.458
0.05 282.038 282.398 304.104 295.568
0.06 276.496 260.382 284.868 278.592
0.07 253.590 227910 257.490 261.938
0.08 246.776 222.984 250.106 245.134
0.09 227.692 213.614 232.206 227.742
0.1 216.508 209.614 215.150 212.188
0.2 131.548 83.136 122.672 123.898
0.3 102.630 41.150 88.704 89.492
0.4 89.218 23.256 71.528 72.540
0.5 78.838 16.766 62.000 61.944
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M99 5 (AB) ANNEITUIRABIIBNIZUIUNTODNUBNNTAIVANVOILKUUAIUAY TEWMA, DHWMA, DMEWMA,

1Az DMEWMA2 nsdidoyalimsuanuaaunuun Glay =1 £, =8)

AUYIITURABVDINUNTAIUAY

) S TEWMA DHWMA DMEWMA DMEWMA 2
0.07 0.01 351.804 369.052 339.006 361.736
0.02 349.330 334.880 321.542 336.816
0.03 319.960 328.234 314.952 317.188
0.04 302.458 315.656 298.074 306.290
0.05 295.568 277.128 296.234 302.318
0.06 278.592 264.314 275.764 268.956
0.07 261.938 242.202 254.000 264.680
0.08 245.134 217.110 249.672 245.452
0.09 227.742 207.388 230.108 224.798
0.1 212.188 197.422 214.880 212.884
0.2 123.898 79.168 117.148 124.316
0.3 89.492 41.882 78.562 80.612
0.4 72.540 25.830 62.868 61.120
0.5 61.944 18.568 50.440 51.274
0.1 0.01 358.276 351.884 359.360 362.596
0.02 334.824 343.290 356.034 340.476
0.03 327.162 310.514 330.824 323.890
0.04 313.970 290.222 317.160 315.128
0.05 296.962 272.966 305.530 298.350
0.06 278.314 269.516 300.078 287.890
0.07 275.920 232.020 275.282 261.596
0.08 244.630 217.648 272.324 259.312
0.09 242.524 203.676 250.614 255.720
0.1 227.464 192.084 233.176 223.954
0.2 125.606 87.920 137.952 135.038
0.3 82.490 45.824 82.176 82.138
0.4 59.874 26.534 57.684 57.656
0.5 50.220 20.330 44.768 43.892
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M99 5 (AB) ANNEITUIRABIIBNIZUIUNTODNUBNNTAIVANVOILHUUAIUAY TEWMA, DHWMA, DMEWMA,

1Az DMEWMA2 nsdidoyalimsuanuaaunuun Glay =1 £, =8)

AUYITURABVD WU TAIAY

) S TEWMA DHWMA DMEWMA DMEWMA 2

0.3 0.01 366.972 357.050 352.078 359.042
0.02 362.374 352.564 345.858 356.892
0.03 343.874 340.376 337.346 354.736
0.04 323.904 322.340 328.974 346.786
0.05 319.910 320.176 325418 338.978
0.06 317.686 304.454 313.194 326.534
0.07 300.642 296.536 307.164 309.118
0.08 294.466 289.110 302.206 297.822
0.09 290.728 268.12 287.888 292.618
0.1 288.708 267.522 287.400 284.300
0.2 173.888 160.952 198.678 188.294
0.3 108.936 110.748 121.444 123.842
0.4 70.520 78.342 81.532 84.918
0.5 51.920 55.598 56.500 55.714

0.5 0.01 358.832 365.006 367.400 356.876
0.02 356.072 356.648 362.976 353.430
0.03 349.816 346.464 354.072 351.202
0.04 345.722 345.798 352.908 346.312
0.05 341.542 338.608 340.372 334.942
0.06 330.924 330.656 330.308 330.136
0.07 329.656 329.142 329.016 319.400
0.08 323.334 323.074 313.986 318.710
0.09 315.672 315.294 312.024 302.394
0.1 295.258 308.990 308.276 295.622
0.2 236.946 239.384 228.998 235.002
0.3 146.412 178.552 161.536 164.676
0.4 104.620 117.330 120.508 114.996
0.5 76.878 88.760 76.060 79.116
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5199 6 ﬂ313JEﬂ?%jumaﬂlﬁﬂﬂiz‘]_lTluﬂﬁﬂ@ﬂu@ﬂﬂﬁﬂ?l‘]JﬂiJ"lJEN!LWHQﬁﬂ’JUﬂIJ TEWMA, DHWMA, DMEWMA, Liag

DMEWMA?2 n3@idoyatimsuanuasunuin G(a, =8, 5, =1)

ANEITUIRABVBIHUYTAIUAY

) S5 TEWMA DHWMA DMEWMA DMEWMA 2
0.03 0.01 369.364 360.542 368.626 355.234
0.02 359.252 357.970 366.502 354.400
0.03 357.386 354.832 364.270 352.242
0.04 356.264 329.994 357.020 351.820
0.05 345.710 327.790 347.510 346.308
0.06 341.658 326.402 346.788 337.046
0.07 335.408 323.756 340.844 329.760
0.08 330.574 303.400 338.988 328.874
0.09 328.208 298.816 334.840 318.526
0.1 321.092 293.290 316.216 312.712
0.2 283.244 232.764 286.272 266.550
0.3 249.242 189.996 238.380 230.768
0.4 233.020 121.592 208.904 207.378
0.5 216.298 94.016 187.438 186.354
0.05 0.01 363.882 361.152 368.270 363.924
0.02 360.652 356.748 365.846 358.760
0.03 354.806 351.264 363.178 356.932
0.04 345.722 348.930 352.894 343.002
0.05 340.398 336.466 337.808 340.982
0.06 338.228 326.366 335.418 339.390
0.07 330.712 325.358 326.120 337.752
0.08 329.190 323.196 324.788 331.646
0.09 321.994 319.620 322.722 317.494
0.1 313.222 318.636 315.302 305.406
0.2 256.980 233.920 259.132 261.110
0.3 209.204 176.786 218.192 211.786
0.4 186.164 138.744 173.252 177.590
0.5 162.582 91.420 151.702 155.128
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M99 6 (AB) ANNBITUIRABIIBNIZUIUNTODNUBNNTAIVANVOILHUUAIUAY TEWMA, DHWMA, DMEWMA,

1Az DMEWMA2 nsdidoyalimsuanuaaunuun Glay =8, 5, =1)

AUYITURABVDINUNTAILAY

) S TEWMA DHWMA DMEWMA DMEWMA 2
0.07 0.01 369.688 365.158 367.688 367.292
0.02 361.866 363.014 356.560 363.188
0.03 353.248 347.734 355.516 359.604
0.04 349.288 337.770 350.756 348.512
0.05 346.826 336.620 340.838 343.598
0.06 338.014 328.980 333.518 339.542
0.07 335.250 327.072 324.968 338.206
0.08 332.798 324.322 323.156 329.404
0.09 329.230 309.324 322.540 321.904
0.1 311.312 301.194 309.634 319912
0.2 272.080 237.514 269.072 260.476
0.3 212.322 176.480 204.086 212.840
0.4 177.712 127.702 180.564 174.718
0.5 150.366 99.588 147.324 145.366
0.1 0.01 361.954 353.492 368.950 367.830
0.02 355.044 351.334 361.736 360.842
0.03 351.144 349.602 356.912 356.298
0.04 349.586 346.794 355.188 348.420
0.05 341.824 339.466 342.066 342.484
0.06 334.572 334.546 340.638 338.744
0.07 327.556 325.832 333.270 329.040
0.08 322.540 309.112 331.508 328.054
0.09 319.540 307.504 328.910 324.732
0.1 315.890 305.434 315.784 320.170
0.2 268.110 228.352 267.606 272.784
0.3 220.500 176.874 224.632 224414
0.4 173.560 117.952 181.882 178.262
0.5 138.676 94.894 143.020 157.196
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M99 6 (AB) ANNBITUIRABIIBNTZUIUNTOBNUBNNITAIUAVVDIHUYUAIUAY TEWMA, DHWMA, DMEWMA,

1Az DMEWMA2 nsdidoyalimsuanuaaunuun Glay =8, 5, =1)

AUYITURABVDINUNTAILAY

) S TEWMA DHWMA DMEWMA DMEWMA 2

0.3 0.01 368.186 353.678 368.024 361.684
0.02 364.376 350.000 362.878 357.568
0.03 361.766 349.476 358.142 355.360
0.04 359.804 342.990 349.932 353.554
0.05 353.876 348.236 348.446 352.690
0.06 349.626 340.570 345.106 350.484
0.07 345.934 336.560 344.380 347.902
0.08 344.494 325.182 341.108 340.982
0.09 341.998 315.022 339.820 336.070
0.1 327.308 301.012 333.364 326.646
0.2 281.346 252.978 297.746 302.350
0.3 262.732 200.956 269.414 265.106
0.4 234.260 173.968 226.074 246.076
0.5 180.786 130.018 198.916 187.544

0.5 0.01 367.740 364.958 368.602 369.632
0.02 363.634 357.964 354.806 367.544
0.03 362.242 354.08 353.096 365.124
0.04 359.172 353.258 350.274 362.756
0.05 351.516 349.002 348.576 350.958
0.06 347.074 344.778 345.782 347.248
0.07 345.800 340.120 342.832 345.234
0.08 344.154 338.960 336.886 343.692
0.09 343.358 337.888 335.826 338.56
0.1 338.060 336.058 334.544 326.866
0.2 312.648 310.384 316.418 312.784
0.3 280.774 276.010 288.988 281.326
0.4 240.046 228.250 265.348 260.304
0.5 230.760 203.472 221.726 216.850
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M15197 7A210n319U09TATINANIVAN VB IUHUYTAIUAN TEWMA, DHWMA, DMEWMA, 1182 DMEWMA2

iWenszuIumMIeglumsnrugy (ARL, = 370)

MSHINIDIU VNN 2 TEWMA DHWMA DMEWMA DMEWMA2
Glap =15, =1) 0.03 0.629 1210 1.110 1.110
0.05 1351 1.130 1.680 1.700
0.07 1.750 1.191 1.990 1.990
0.1 1.999 1.415 2.300 2270
0.3 3.023 4310 3.330 3323
0.5 3.700 5310 3.902 3.900
Glap =15, =2) 0.03 1.200 2245 1.100 1.110
0.05 2.700 2274 1.700 1.722
0.07 3.410 2451 2.110 1.998
0.1 4.100 2.710 2.400 2341
0.3 6.090 8.720 3.400 3325
0.5 7.310 10.600 3.900 3.954
Glap =2, =1) 0.03 0.770 1.456 1.110 1.002
0.05 1.856 1.560 1.660 1.670
0.07 2360 1.632 1.990 1.950
0.1 2.782 1.870 2.230 2280
0.3 4.060 5.520 3.100 3.150
0.5 4790 6.620 3.550 3.621
Glap =25 =2) 0.03 1.550 2.890 1.110 1.020
0.05 3.640 5310 1.670 1.650
0.07 4.610 3.234 1.990 1.955
0.1 5.630 3.843 2.220 2263
0.3 8.010 10.762 3.100 3.124
0.5 9.700 13.100 3.570 3.585
Glap =13, =8) 0.03 5.200 8.400 1.110 1.125
0.05 10.850 8.401 1.710 1.691
0.07 13.410 9.300 1.980 1.998
0.1 16.200 11.020 2330 2321
0.3 24.344 35.200 3.300 3332
0.5 29.600 42.630 3.900 3.900
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AMFUVNUIIU VNN 2 TEWMA DHWMA DMEWMA DMEWMA2

Glap =8, 4, =1) 0.03 1.071 2.540 0.980 0.910
0.05 3.460 2.540 1.590 1.590
0.07 4.600 2.800 1.880 1.900
0.1 5329 3.220 2.170 2.170
0.3 7.623 8.780 2.890 2.890
0.5 8.791 10.712 3.200 3214
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Abstract

Cerebrovascular or stroke disease is a severe problem that affects people worldwide. Approximately 15 million new
stroke cases occur each year, and studies reveal that 90% of strokes occur. It is caused by risk factors that can change or control
behavior. While air pollution is another major cause of strokes, the longer one is exposed to it, the higher the risk of stroke,
the higher the risk of death from the problems mentioned above. The researchers realized how important it was to synthesize
research to develop a standardized index to measure the relationship between air pollution exposure and stroke incidence.
As a result, the research investigations into cerebrovascular caused by air pollution have been conducted to synthesize for
credibility. A meta-analysis was used to collect and analyze the research's main conclusions. A Meta-Analysis is a quantitative
research synthesis method that synthesizes a large amount of data using statistical methods. The subject looked at the same
research issue to combine the findings of each study to have a better understanding of strokes induced by air pollution exposure
issues. According to the results, the pooled odds ratio for the association between air pollution exposure and cerebrovascular
disease was 1.034. The 95 percent confidence interval for the pooled odds ratio is 1.001 to 1.068. It was concluded that there
was an association between the incidence of cerebrovascular disease and exposure to air pollution. Those exposed to air

pollution were 1.034 times more likely to have the cerebrovascular disease than those not exposed to air pollution.

Keywords: Meta-analysis, Cerebrovascular Disease, Air Pollution
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Abstract

Hard chrome electroplating processes usually have problem caused by iron(Ill) ions and chromium(III) ion
contamination. The plating solution is required to contain no more than 15 g/L of interfering ions. The electroplating process
with conditions as the industrial establishments were studied in this research. The topics investigated are iron ion leaching
rate and sludge occurring in solution. The anode was an alloy of Sn and Pb and the cathode was a 1 inch’ mild steel specimen
with applied current of 3.0 A at 50 °C for thickness of 10+£3 pm. After monitoring electroplating process 1-20 times, it was
found that the amount of iron ion contents and sludge increasing correlated with the number of electroplating times. Primary
troubleshooting was the separation of plating bath for the surface cleaning process from the electroplating process. In
addition, the reduction of chromium(III) ion contamination was accomplished through the oxidation of chromium(III) ion to
dichromate ion by adding the excess of persulphate ion along with applying heat. Chromium (III) ions converted to
dichromate were obviously noticeable with the change of green to orange color. The remaining persulphate ion after the
oxidation was eventually tranformed to hydrogen sulphate ion, and would not interfere the system because it was the ion

already constituted in the plating solution.

Keywords: chromium electroplating, hard chrome plating, iron(I1I) ion
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Abstract

Conservation of Thai artifacts in the era of globalization Nowadays, modern scientific and scientific processes are
used for sustainable restoration and conservation. Therefore, the guidelines for the restoration of art objects decorated with
people. The glass is therefore focused on aesthetics and craftsmanship studies. by integrating more scientific processes into
another dimension to connect relationships From the evidence of traces of art that exist. The restoration approach uses
scientific studies to correlate the correlation with the evidence of Kriab mirror (Ancient Thai Mirror) traces built in the past.
With X-ray techniques, Energy Dispersive X-Ray Fluorescence Spectrometer (EDXRF) can perform qualitative analysis in
a short time and can detect many elements at once without damaging or causing material loss. original condition Used to
determine the elemental composition of surfaces from the submission of the antique Kriab mirror samples. In the examination
of the elements, it was found that The glass texture of the Kriab mirror is mainly composed of lead 66.23 - 66.93 % by weight,
consistent with the Kriab mirror Ingredients Formula. Of the Tajaya family (The Tajaya Clan’ Kriab mirror Formula) with
lead as the main component When tested for hardness according to the Mohr's scale of hardness equal to 2-5 and high
brittleness. This revival of materials science A slitted mirror made according to the ancient formula inherited from the Tajaya
family. by the application of scientific methods combined with technical historical knowledge. This makes it possible to
restore and restore Thai works of art such as a case study of ancient picture frames in harmony and maintain spiritual values.

Materials science by using a glass scraper in the restoration that is closest to the original one.

Keywords : kriab mirror, rehabilitation of materials, conservation by scientific process
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Abstract
This study aimed to determine the shelf life of Homnil rice-cookies under accelerated temperatures and humidity
control 75% by using Q,, and kinetic reaction. The cookies were random sampling every 1 wk for 7 wks. Changes in

physicochemical quality of cookies sample was significantly increased (p<0.05) when increasing storage time; hardness
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(1.4-1.9 kg), rancidity (TBARs) (2.0-7.5 mg malonaldehyde/kg), water activity (0.63-0.65) and moisture (7.1-8.8 % dry basis)
except for color value L* a* b* was declined. These results were clarly found in high accelated temperature at 50°C than
40°C and 30°C. Approving to the reduction scores of sensory evaluation was obtained. Whereas the total plate count (1x10*
cfu/g), Coliform (<3 MPN/g) and E.coli (<3 MPN/g) were lower and safety for consumption over storage period for 7 wks. In
this study, the rancidity index by using sensory score and TBARs value were choosen for quality deterioration to calculate the
shelf-life of Homnil-rice cookies. At storage temperature 25°C, the shelf-life of Homnil-rice cookiess was around 60 days and
38 days when calculated by Q,, at accelerated temperature at 30°C and 40°C; and 40°C and 50°C, respectively. A shelf-life

of cookies was about 22 days when evaluated by kinetic reaction.

Keywords : accelerated shelf-life testing, Homnil rice-cookies, Q,, equation, kinetic reaction
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Table 1 Physico-chemical quality of Homnil rice-cookie during storage at temperature 30, 40 and 50 °C and a relative humidity of 75% for 7 weeks

Qualities Temp Storage time, wk

°C 0 1 2 3 4 5 6 7
Hardness 30 1.380+0.43" 1.560+0.23" 1.59140.44° 1.610£0.43° 1.617%1.03° 1.72240.46° 1.78440.84' 1.792+0.75"
(kg) 40 1.380+0.43" 1.564+1.49" 1.58940.53° 1.623£0.23° 1.6180.57° 1.73240.56° 1.79120.62" 1.89040.54°

g

50 1.380+0.43" 1.613%0.83" 1.635+0.29° 1.64240.38" 1.653+0.56° 1.759+0.31° 1.804+0.73' 1.870+0.62°
TBARs 30 2.04+0.34" 3.99+0.32" 4.20+0.08° 4.4620.17" 5.03+0.09° 5.38+0.09° 6.27+0.12" 6.85+0.08"
(mg 40 2.04+0.34° 4.8340.42° 5.90+0.28° 6.32+0.24" 6.69+0.47° 6.92+0.26' 7.1240.32° 7.34+0.21"
malonaldehyde/kg) 50 2.04£0.34" 4.9440.26" 6.76+0.15° 6.90+0.28" 7.15+0.35° 7.3240.09" 7.43£0.15° 7.49+0.09"
30 0.593+0.01° 0.603+0.00" 0.617+0.00° 0.611+0.01° 0.62040.01° 0.623+0.00° 0.631=0.00" 0.643+0.01°
a, 40 0.593£0.01°" 0.608+0.00" 0.60620.00" 0.6010.00° 0.61720.00° 0.638£0.01° 0.635£0.00° 0.645+0.01"
50 0.593+0.01° 0.618+0.01" 0.613+0.00° 0.624+0.00" 0.630+0.00° 0.642+0.00" 0.647+0.00° 0.65120.00"
30 7.1120.72" 7.60+0.02° 7.36+0.18° 7.830.12° 8.38+0.12° 8.29+0.17" 8.810.25° 8.87+0.18"
Moisture 40 7.1140.72" 7.47+0.14° 7.67+0.23° 7.39+0.23" 8.15+0.23° 8.19+£0.42" 8.61+0.01° 8.65+0.04"
(%) 50 7.11£0.72° 7.64+0.57" 7.77+0.10° 7.66+0.21° 8.200.08" 8.32+0.39° 8.73+0.16' 8.78+0.08"
30 31.81£0.15" 31.62+0.25" 31.42+0.50° 31.35+0.85" 30.94+0.83° 30.27+0.53" 30.08+0.16" 29.92+0.45"
L* value 40 31.81+0.15" 31.57+0.38" 31.40+1.62° 31.28+0.73" 31.02+1.30° 30.74+0.42" 30.56+1.28" 29.87+0.27"
50 31.81+0.15" 31.48+0.17° 31.25+0.39° 31.02+0.33" 30.48+1.39° 30.45+0.45° 29.56+1.04" 29.41%0.16°
30 5.60+0.02" 5.13+0.27" 5.02+0.35° 4.56+0.19" 4.27+0.40° 4.09+0.35" 3.94+0.34° 3.86+0.27"
a* value 40 5.60+0.02" 5.08+0.34° 4.98+0.37° 4.62+0.33" 4.32+0.33° 4.12+0.42" 3.86+1.09° 3.74+0.35"
50 5.60+0.02" 5.02+0.20" 4.87+0.19° 4.61+0.35" 4.24+0.36° 4.18+0.13' 3.90+0.41° 3.81+0.27"
30 11.69+0.74° 10.63+0.43" 10.14+0.66° 9.830.34° 9.64+0.57° 9.27+0.37" 9.15+0.60° 9.08+0.43"
b* value 40 11.69+0.74" 10.57+0.27° 10.10£1.26° 9.75+0.27" 9.69+1.34° 9.31+0.33" 9.12+1.96° 9.03£0.35"
50 11.69+0.74° 10.4740.17" 10.07+0.11° 9.80+0.18" 9.62+0.78° 9.30+0.17" 9.08+1.06° 8.89+0.29"

The different alphabets in the same row mean a significant statistical difference (p<0.05).
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Table 2 Microbiological quality of Homnil rice-cookie during storage at temperature 30, 40 and 50 °C and a relative humidity of 75% for 7 weeks

Microbiological Temp Storage time, wk
°C 0 1 2 3 4 5 6 7
Total plate 30 < 1x10* < 1x10* < 1x10* < 1x10* < 1x10* < 1x10* < 1x10* < 1x10*
count (cfu/g) 40 <1x10* < 1x10* <1x10* < 1x10* <1x10* < 1x10* < 1x10* < 1x10*
50 <1x10* <1x10* <1x10* <1x10* <1x10* <1x10* <1x10* <1x10*
Coliform 30 <3 <3 <3 <3 <3 <3 <3 <3
(MPN/g) 40 <3 <3 <3 <3 <3 <3 <3 <3
50 <3 <3 <3 <3 <3 <3 <3 <3
E.coli 30 <3 <3 <3 <3 <3 <3 <3 <3
(MPN/g) 40 <3 <3 <3 <3 <3 <3 <3 <3
50 <3 <3 <3 <3 <3 <3 <3 <3
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Table 3 Sensory evaluation (n=6, 5-point hedonic scale) of Homnil rice-cookie during storage at temperature 30, 40 and 50 °C and a relative humidity of 75% for 7 weeks

Characteristics Temp Storage time, wk
°C 0 1 2 3 4 5 6 7
30 5.00£0.00° 483041  4.67£052°  4.33+0.82% 3.83+0.41" 3.33+0.52" 3.33+0.52° 2.83+0.75"
Odor 40 5.00£0.00°  4.67+052" 433082  3.83x041™ 3.83+0.41% 3.17+0.75" 3.17+0.75" 2.67+0.82°
50 5.00+0.00°  4.67£0.52°  433+052° 217041 2.17+0.41° 2.000.00" 1.83+0.41° 1.50+0.55"
30 5.00£0.00°  5.00£0.00°  4.67+£0.52° 3.83+0.41° 3.83+0.41° 3.83+0.41° 3.33+0.52% 2.67+0.82°
Rancid 40 5.00+0.00°  5.00+£0.00°  433+0.52°  3.50+0.63° 2.83+041° 2.67+0.82% 2.50+0.55" 2.00+0.63"
50 5.00+0.00"  4.33+0.52° 3.17+0.41° 1.83+0.41° 1.83+0.75° 1.83+0.41° 1.67+0.52° 1.33+0.52°
30 483+041°  483+041°  483+041°  433+0.82™ 3.83+041° 3.33+0.52° 3.33+0.52° 3.00+0.63"
Texture 40 483+041°  483+041°  483+041°  433+0.82™ 3.83+0.41% 3.33+0.52" 3.33+0.52" 3.00+0.89"
50 483£041°  4.67+052°  4.67+052°  4.17£0.75° 3.50+0.55" 3.17+0.75" 3.1740.75° 2.83+0.41°
30 483+041°  4.83+041°  483+041°  433+0.82™ 4.17+0.75™ 3.67+0.52" 3.67+0.52% 3.17+0.75°
Color 40 483+041°  4.83+041°  483+041°  4.17+0.75™ 4.17+0.75™ 3.50+1.05% 3.50+1.05% 3.00+0.63"
50 4834041  483+041°  483x041°  4.17+0.75% 3.83£0.41% 3.33+0.82% 3.17£0.41° 3.00+0.63"
Overall 30 467+052"  467+052°  433x052°  4.17x0.75% 3.83+0.41% 3.33+0.52" 3.33+0.52" 2.17+0.75"
acceptability 40 467+052°  467+052°  4.17+0.75°  3.33+0.82° 3.33+0.82" 3.33+0.82" 2.83+0.75" 1.83+0.41°
50 4674052  4.67£0.52"  3.00+£0.63° 2.00+0.63" 1.83+0.41% 1.67+0.52% 1.67+0.52% 1.33+0.52°

The different alphabets in the same row mean a significant statistical difference (p<0.05).
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Table 4 Reaction order and regression parameter of TBARs in Homnil rice-cookie during storage at temperature

30, 40 and 50 °C and a relative humidity of 75% for 7 weeks

Reaction order

. 2
Regression parameter, R

30°C 40°C 50°C
Zero-order 0.929 0.750 0.657
First-order 0.821 0.615 0.556
Second-order 0.667 0.498 0.465
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Abstract

The objectives of this study are to: 1. determine the variables that affect the shape parameter of a generalized extreme
value (GEV) distribution changes by considering the correlation coefficient; and 2. model the shape parameter of the GEV
distribution to predict flood risk areas with a return level map. The data for this syudy was compiled from satellite and
meteorological datafrom the Chi River Basin, including the Normalized Difference Vegetation Index (NDVI), climate data,
Rainfall data, Runoff data, and so on. It was gathered from Meteorological Department (TMD) and 92 agricultural stations
retrospectively (2010 to 2021). It cover on area of 14 provinces in the Chi River Basin. It this study, two parameter estimation
processes were compared: stationary process (by maximum likelihood estimation : MLE) and non-stationary process
(by artificial neural network : ANN), which were modeled with GEV distributions in both processes the monthly maximum
rainfall data was used as the default data in both of them. In addition, Nash-Sutcliffe coefficient, or NSE, was used to compare
the two models. The study revealed that the non-stationary model is suitable for 59 stations, categorized into the ANN-7 model
of 17 stations, the ANN-10 model of 27 stations, and the ANN-3 model of 15 stations. However, the stationary model is suitable
for only 33 stations. When considering the overall mean of the NSE values in each model, the NSE higher than 0.75. This could
indieate that a total of 92 models were highly accurate. It was also found that the variables correlated with the shape parameters
and made the ANN model more efficient were the NDVI and runoff. Terefore, the researcher created a 2D map of the recurrence

levels in the return periods of 2, 5, 10, 20, 50 and 100 years, respectively, for further application.

Keywords: Generalized Extreme Value, Artificial Neural Network, Runoff, Normalized Difference Vegetation Index,

Rainfall
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6. Insue1lsza1niey (Artificial Neural Networks - ANN)
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Abstract

The water monitor lizard survey in Prince of Songkla University, Pattani campus, Pattani province, was studied
between September 2019-August 2020. The number and some behaviors of water monitor lizards were collected once a month,
from 07.00 am-5.00 pm, from 5 line transects. The results showed that the water monitor lizard inhabited Prince of Songkla
University, Pattani campus averaged 34.00+8.14 individuals/month, and the most abundant was found in line transect A,
averaging 10.75+4.66 individuals/month. In January, the highest number of water monitor lizards, 51 individuals, was found
in canals and drainage ditches (95.82%). The most abundant water monitor lizards observed in this study were located at canals
at line transect A (near the student dormitory building 1-10; 19.41%). Water monitor lizards began to hatch in September, with
the largest number of juveniles present from December to March. They foraged all day long. 7:00-10:00 am was the most
common foraging period. The survey data will be useful for administrators to use as information for decision- making in the

development and improvement of various structures within the Pattani campus in the future.

Keywords: urban ecosystem, semi-aquatic vertebrate, Coastal areas, PSU, Varanus salvator
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Abstract

According to the survey in 2020, Youtube is the most popular social media platform for Thai children in generation
Z. Due to the overwhelming number of kid videos on Youtube, it is impossible for parents to check every single video and
thoroughly look at every single image frame for any possible frame with inappropriate contents. To help ease this problem, this
paper proposes using vision-based deep learning techniques to automatically detect frames with inappropriate visual content
for children. In this work, our focus is on analyzing cartoon videos and the inappropriate content refers to blood scenes and
weapons (gun and knife). To detect blood scenes, we use transfer learning and finetuning techniques with three pre-trained
image classification backbone models—ResNet50, VGG16, and VGG19. Our experimental results show that VGG16 is the
best that gives the highest accuracy of 0.84 and the highest area under ROC of 0.92. As for the part of weapon detection, we
do transfer learning on two pre-trained object detection models, YOLOvV3 and YOLOv4. Our results reveal that YOLOvV4 is

better at detecting guns and knives in cartoon videos.

Keywords: Deep Learning, Video analytics, Anomaly Detection, Image Classification, Transfer Learning
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I'4 LY .
ﬂﬁ@uazuluﬁ’f]‘ﬁ}ﬂ Data Collection)

Weapon Cartoon 346 images ARI-DaSCI 2,265 images

.
\

1 4 MeddoyanmdmsulFluaumsasiesuensiunaziia (asdnnimszyluiide Data Collection)

4. MINWUNNN (Image Classification)
A 9 A A 1 a A 3’, 3’, = =)
93N UBYANMWNHNZ AU (Normal: 'lumaaﬂ) waz ldmngan (Abnormal: UL1aBA) N3 2 ﬂs:m‘ﬂuuuaqmm

9 v
Uszinnag 2,400 NIWNIUU “l]?\i’é]”Iﬁ]mllllﬁﬂ\iW@ﬂ@ﬂ1iﬂﬂ@UﬂJiﬂJlﬂﬁﬂWiFJﬂuil"lﬁaﬂLlﬁ%’tﬂ‘flﬁ\iwaﬁ’l’)ﬂ’ﬂﬂ\llmug?"llﬂﬂ
v ¥ ¢ o 9 = Yno = g Y a . P a X ! A
Tuaa ﬂ\iuuﬁTﬂﬁU“llfJQﬁ%ﬂﬂﬂﬂﬂﬁu?j?%ﬂ‘ﬂﬂi%!ﬂﬂu%‘] Data Augmentation L&/ TNLUTN Tagmaiatiuena NI BIBINY
v

o ) v - ) o A Ya 2 ygy cao Jono
‘ﬂTLl'Jusllf]ll“aﬁﬂ'f]ﬂillGLWiJTﬂﬂIuL!a?ﬂQ“]f?ﬂﬂ@Qﬂuﬁiyﬂ'l Overﬁt"U'ﬂﬂilllﬂaﬂ']ﬁﬁﬂugl%\‘iﬁﬂulﬂﬂ"lﬂ Gluﬁ’]u') Elum'l

u
idonldinaiin Data Augmentation 1ALA MIUYUAN (Rotation) MIFUFVANNEI19VDININ (Brightness) N1ITNANATNAIL

. a gl.a . = o | Aq Yo A
HUIUDU (Horizontal) MIWANNINANLUUINN (Vertical) Taglimsmruamnleainsein 1
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ao

§ 3‘/ U a 1A = o @ o g
3197 1 M3AaA1veIN513aes 1u'lausis Keras §115191 Data Augmentation THa113981l

Type of Augmentation Values
Rotation 45°

Brightness 0.2to1
Horizontal Yes
Vertical Yes

Base Model Normal/

PeIH

Resnet50, VGG16, VGG19 Abnormal

~ Yy & ~ Ya = Aqy A . o @ o <
5‘].]7] 5 Tﬂﬂﬁﬂmﬂﬂmaﬂnmami!ﬁﬂugﬁmaﬂ‘wiﬁfmﬂuﬂ Transfer Learning ﬁ']“l’ii1Jfl]'ll!‘Llﬂﬂ'lW'fJﬂﬂLﬂ‘Hﬂ']ﬂlﬂiJ'mﬁiJ

U

(Normal) nag Ttz ay (Abnormal) (tAsAanMM3qusz1yluiave Data Collection)

@

0w P ¥ gmna o A ya = Y 1
ﬁmﬁumﬁﬂlﬂﬁauiumauu waﬁ]ﬂuﬂumamilﬁﬂugmmﬂ (Base Model) vlﬂllﬂ ResNet50, VGG16 tlag VGG19

! Y v o ¥ ' o . . .
ﬁlﬂﬂgﬂﬂﬂﬁﬂuhl’JLm’JﬂiJ‘lgﬂ"lJnyaﬂ1W ImageNet ¥1ADYDANINITNAADY Transfer Learning L@ Finetuning 18 ) LU

]
A YA o ~

TagaziimsiiuTunadiuaeeon (Head Model) 19111 nazaihinammsguindisemson 1ushnsinaou e 19 Tuiaa

u

Y o 9

Y 2 1
matlamsniinuiiauangatoya ImageNet inaoseatazllsu 1y ldiinugadeyaninmiguluanisedld s

o

Y
5 UEAUIAAVYDINTTN Transfer Learning 1113901

@

ao & ga
TuauITeug?

@

Y o A ! = A v o Ao
vldhnsnaassmarsnuuemaiunauvesmsindou lumanaz lanansswunnmng
A A ' . A o o 2 4 P o A Y a =
Nga 110991n1Aaz transfer learning NI1N1IN1INAa0e Tiatwesnielulumiinu e ldiAaa i uiionluns
nfFeniien §3909919 classifier head 1182 setting A19 9 tilloununnnisnaasuie S suionlss@nsam uaaedn

a4 A A [ s : ' s . v
1nlagufelin1sNAaoInIms freeze NNIALDT 1UAIU Base Model A3 freeze LALIIAOS TUEIY Base Model laun lu

§ v o o ' o
MINABOIN 1-3 FI90311M3 freeze NNIAILOS TUAIUVDI Base Model (ResNet50, VGG16 uaz VGG19) 10113uaziims
Y 1 i\ g‘) § v o
AnaoudSugunmiziiminuesdiu Head Model (classifier head) 1911111 Tun1snaasai 4-5 §39691015 freeze n1a

s Yy A s 9 o = o v Y A aw
193993 VGG16 LLag VGG19 antIULNEN 4 LmEl’EJi’sjﬂVHEl (ﬂil!’dﬂii‘ugﬂﬂ 6) Iﬂﬂﬂﬁﬂiﬂlmﬁ@Nﬂﬁﬂﬂﬂu’Ji]El

Do

I o

s ' {
(Burugupalli, 2020) Glumsmmm‘n 6 HIVININIT freeze 1RNWIE 10 1ALEDILLTNUDI ResNet50 uamamﬂlumwmmﬁ 7-8

g

Yoy ¥ ° . & o A A { . 2 a oA A g
W')"l]flvlﬂﬂﬂaﬂﬂﬂ"lﬁuﬂﬁﬂlu‘llﬂ\‘l Head Model L'II‘L! 2 E‘IJLL’U‘]_IC‘T?ﬂﬂQﬁnTNVI 2 MNU GLUE‘T')‘H‘U?NﬂTﬁﬁQﬂTWTi"ﬂJmﬂiﬂmﬂﬁl‘U@Q

g

@

s Y gne A v . A Ya o 39 Vo a
AumsAnaeuiy §I9e1don1d Binary Cross Entropy Loss azn1snaassi 9-10 faven ldinisnaassifSoniisnwna
5¢1319M3 19 Optimizer Tumsinaeuaoauy 1&un Stochastic Gradient Descent (SGD) 11ag Adaptive Moment Estimation
(Adam) Taslimsmvuanmiines Anetoaiy Optimizer 83183013197 3 ¥43 finetuning #111]5 Dense #2081 512

uazdls Optimizer 2881 0.0001 U5 ULAIE199991PNUIVY (Tahir et al., 2019)

(CONV=2)=> | [} (CONV*2)=> (CONV*3)== [} (CONV*3)=> |} (CONV¥3)=>
POOL POOL > POOL POOL POOL
~— L J
V Y
Freeze Train

@

H T 4 A ' °
gﬂﬁ 6 AIDYINTT freeze (MNWIT 4 lﬁ!ﬂ@iq&ﬂﬁﬁﬂﬂlﬂﬂ VGG16 Tumsnaaeeil 4 vo1uaIuMIUUNNN
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M13197 2 91802108AY09 Head Model @043 upud 115 DMINAa09N 7-8 Y99IUMITUUNNN

Head Model
Type of Layers

@ 0

AveragePooling2D \/ \/

Flatten Layer N4 v

Dense 512 64
Activation Relu Relu
Dropout 0.50 0.25

Dense 512 64
Activation Relu Relu

Dense 2 2

Activation SoftMax SoftMax

H 1 a o U ) o { o
ﬂ15'lﬂﬁ 3 M3 1Hne5 ludiuves Optimizer f9UUD dmsumsnaaoi 9-10 UBINIUNTUNNIN

Optimizer
Type of Parameter
SGD Adam
Learning Rate 0.0001 0.0001
Momentum 0.9 -

Decay 0.0001/300 0-0001/300

5. M3A3293U01YH (Weapon Detection)

Yo o 9 A A v o i o o ' o A a4 A

Pvuihdeyanimeon inaaimuiiinisaauuia (Resize) tazihnmaanaauiinsdnsovamaoy
(bounding box) 1V 3zydviavesn1snanlalunmiag 1 T1sunsu labelimg (https:/github.com/tzutalin/labellmg) A3
Mednvesmsannsevamasyluzii 7 wenvintiiel¥msHneusulildnanlszuranaunuiull §iseiadenly

9 1
iNATA Transfer Learning 1182 Finetuning 833 1ae1iluna YOLOV3 uag YOLOv4 iaegninousy I3udruuyadoya

A 9 o

4 o : P v X A A I WY
Su m‘ﬂmﬁﬂﬂﬁauﬁaElaﬂ‘um;ﬂﬁuaylamW‘Vlmil&lllﬂ'i’mi’mmtm Vlﬂﬁmimmaiﬁmlhﬁmiu YOLOV3 1 YOLOv4

U

WUAAIBARINY AD batch = 64, subdivisions = 32, max_batches = 4000, steps = 3200 ttag 3600, filters =21, random = 0 Tu

. A o2 Y o as
mummwwmmmﬁu gl %ﬂ%’mmé’umﬂmﬁlmmuimwmmﬂ darknet YOLOV3 tiaigdarknet YOLOv4
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a (g ' = B = A o o (Y A Y a 4 )
31]7] 7 G]’JE]EJ"Nfﬂiﬁﬂﬁ'ﬁ]‘]JﬁL'ﬂﬁEJlJL“IN’ﬂﬂﬂ’iuﬂﬁnlﬂu\i’)ﬁq%ﬁuiﬂﬂ’miﬂillﬂiil labellmg (miﬂﬁmwmsguizﬂumma

Data Collection)

AHan1INaang

v d =

° d
1. HAANEVRINSHNOUIN: MIVWUNNNMIAU

v 9 dyﬂlaw o a o 4 = =2 < y v a '
11&1’?’3%@1!@’3‘1]81’Hﬂ13‘lJi%!M‘L!IJJ!ﬂﬁ%WLLUﬂﬂ?Wﬂﬁ@uﬂQﬂﬁjﬂﬂﬂimﬁi%Llﬁ’)ﬂ’)ﬂﬂﬁﬂ%ﬁm”lfﬂ”lﬂﬂ1 Accuracy

A2 ; dad y 2 -
uazaun1dns1Mved Receiver Operating Characteristic (ROC) Curve tiioidaan lumanangasenin natilumsiiansan

q

. . ya o Y 9o‘ @ o o 1 1 4 Y [ Y I
Classification Report ﬁ')“l]ﬂﬂgiﬁu1ﬂuﬂﬂ31uﬁ1ﬂmiuﬁau Recall 41101 Lﬁ@\?fl]']ﬂﬂ'lﬁﬂ'lﬂhlnn’iﬂ'lgﬁNﬂQﬂi@ﬂTﬂ!ﬂﬂ

2
g o A ga o

SuyuazihIiinanaidoninnan netiniwensidisel¥lumsineususzuuaIusuunnInAe Google Colab Pro (High-

U

RAM a2 GPU: Tesla P100) 14 doyayaiinousy (Train Set) TumsAnovsuuaaz Tuaauiuilszuim 3 2 uadeniia
Tuaa ousuusaz Tuwadus1149U 300 epochs

51t 8 uerasradwE AN gai 1813 Usziliu Base Model WATEWIVY (ResNets0, VGG16, VGG19) yuvoya
FANATOU (Test Set) 1103Ua1fiUI 1A ResNets0 ﬁﬁﬁqﬂ (MANAMINAADIT 6+8+9) 19 Accuracy 11101 0.71 1@
ROC 11 0.87 dauTuna VGG16 faniga (Mnnamsnaaedii 4+8+9) 19 Accuracy 1A 0.84 1ag ROC 1Ay 0.92
uazganeluaa VGGI19 ﬁﬁﬁqa (PHAMINARDYT 5+8+10) 19 Accuracy 11101 0.62 1tag ROC IMAY 0.74 11NHANTT
nanosilaqylId VGGie Ae Tiaai Idnadniafiga lumssuunsznenmmiquilinzan (Normat: hifiden)
uae Nz ey (Abnormal: Tiden)

MInAaeaii 1-3 Fa35011013 freeze NALAIBDS 1udIUVDY Base Model 1t Wnadws liduhsumsiden
freeze 1lBALNAAWDF 19U THIAA ResNets0 (1IANAMINARDIT 1 LAy § uaz 9) 11 Accuracy IM111 0.60 tiaz ROC I(MA1
0.68 dauTiaa VGG16 (Mnnamsnaaesii 2 uag 7 uaz 9) 18 Accuracy 111 0.49 taz ROC 1L 0.13 wazgaiie

Tea VGG19 (1nwan1snaasdei 3 ag 7 uag 9) W Accuracy W10 0.48 1ag ROC 1111 0.49
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ResNets0 VGG16 VGG19
(conv*4) => pool*2 (conv*2) == pool (conv*2) == pool
conv*32 (conv*2) == pool (conv*2) == pool
conv*42 (conv*3) == pool (conv*4) == poel
conv*62 (conv*3) == pool (conv*4) == pool
conv*32 (conv*3) == pool (conv*4) => pool
AveragePooling2D AveragePooling2D AveragePooling2D
Flatten Flatten Flatten
Dense(64, activation="relu") Dense(64, activation='relu') Dense(64, activation="relu')
Dropout(0.25) Dropout(0.25) Dropout(0.25)
Dense(64, activation="relu") Dense(64, activation='relu") Dense(64, activation="relu")
Dense(2, activation="softmax") Dense(2, activation="softmax") Dense(2, activation="softmax")
SGD [ | SGD [ Adam
| | |
Accuracy =0.71 Accuracy = 0.84 Accuracy = 0.62
ROC =0.87 ROC =10.92 ROC=10.74

@

~ J a Y Aaa o 12 ' a X
51 8 agwadnimsiszivuudoyaganadouiangs d115D Base Model taazuuunldluanil

v o

uaﬂmnﬁ%fﬁ siai Tuaa VGGI6 Miianiga (fadoaginndermiinen) niimsdsziiudszaniamia
azBuaiimAndndaansluzilil o uazarsed 4 Tagnamstsziiu Igiui1dnsw RoC iy 092 naz1d51wauns
10UN (Classification Report) 0 Precision (abnormal) R 0.89, Precision (normal) 10U 0.80, Recall (abnormal) MY
0.78 t1a e Recall (normal) NN 0.91, F1-Score (abnormal) NN 0.83, F1-Score (normal) M0 0.85 Lﬁﬂ Support Ao

v 9
snudeyan il lumsnagoniiu 9

M1519N 4 Classification Report ¥041u1aa VGG16 Nanga imsiszilivuugadeyanmnadon (Test Set)

Precision Recall F1-Score Support
Abnormal 0.89 0.78 0.83 480
Normal 0.80 0.91 0.85 480
Accuracy 0.84 960
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Receiver operating characteristic
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- ROC curve (area = 0.92)
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False Positive Rate

51 9 ROC Curve v04TuAa VGG16 NATIgA N1 X A0 False Positive Rate t1azuny Y Ao True Positive Rate
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= o ~ Ya & AqY o o o q ¥ = o L& a
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9 = Y

WoyaNnouINDNAIY
v o4 £ = o A v "o v
HaaNSIloTUgANITHNOUTHTIUIU 4,000 epochs iD YOLOV3 18 Average Loss 11171 0.0947 1#11a1lun1s
= =~ d ' Y Vo Y =9 a 3 '
Aneusumae 5 %3119 @31 YOLOv4 laaued Average Loss 11101 0.7250 Tsia lumsilneusuinae 14 $2Tu og1als
I a J g}/ o ' o 1 ?{, @ '
A lumsiasuuaenIznINe YOLOV3 nag YOLOv4 1iuiave 11i1811a1 Average Loss 91nvisdes Tumadana1iun
& o Ao A A g oA A v v o A= . Aq v
Hud¥ialunis@en 1199910 Average Loss Huiiluaingnaenun Ivimaunz aunudane3 iy Gradient Descent 711411
a a 1 = v W Z 1 I @ 1 Aa [
M3iFoudiFaan ualunstived Tumans 993U UAT Average Loss 1HlumsuanswnuvesmInuAanaianatodIv
T Y Y
Fa himuzanazinnldagtoudszaninmuazanuduarlumsldnuvesTuaailszianil uensniiandaenssy
o I 1 @ 1 o 1 A
tagmMsmuIun1eluvres YOLOV3 1ag YOLOv4 niauuana1eni 34 1a111301i1a1 Average loss 91n13a@ 04 Tuiaa

ynfSeuneudunulda

9 [ Aa

% dyw a =} Y a K v W g’/ ao = 9
ﬁTl’i‘i‘]_IG]’J“B'Jﬂ“]Ji%ﬁ‘l/l‘ﬁﬂﬁ"lsluilllﬂﬁﬂTiliﬂugl“lfx‘laﬂﬂi3Lﬂﬂ§]i’3§]%ﬂ]@lquu ’mmiaagﬂmmmaﬁmiuam‘lﬂ

v v
{ ydﬂhwd slywdw

o ao 2 a a o Y o L. o v
@Nﬁlﬁﬁﬁ 5 Iﬂﬂiuﬂ"lu?]ﬁ]ﬂ“lﬂ HAuaen 5% Ialss@nsnInd 1w 5 hlﬂl!,ﬂ Average Precision (AP) §1%51UAAY

U

uug1 1unN1395299U90Y, Fl-score A3 UIAANNAINNT0UTUAa TA8INAYA Precision 11a2 Recall, mAP d115130
1 = @ g‘/ o v W a a 5
ANUNAYUDI Average Precision YDIINYNIKUA, Frame Per Seconds (FPS) AmsuInlszansamausE) (Xiaowei et al.,

o v o a a ° s d A Y ) '
2021) Lm::Average IoU amimﬂﬂsmmmwmﬂﬂmma Tﬂemﬁnuaou’aimucﬂﬁwu«nauﬂuizmnwmaaﬂ LAZHAIN

9
@

N13M1U18 (Rattanachot, 2019) 14

9
(3 v v

Ao X 4 A 4 Y = a a o Aa
HUAITIATNHUANDANINIIINATUIN EN’ET%‘VIE]‘H’L]Qﬂizﬁ‘ﬂ‘ﬁﬂTWﬂﬁVINTu‘VIWUENIlJW]ﬁ
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v ' ' . Y W Yo % ) 3 ' !
Uszianas193uiag ludiuveea Precision oz Recall Hugaveluldiunldims1zns 19 Fi-Score iilumninae

.. 1 9 L4 a o L4 1 9 1 .. .
Precision 118z Recall 119¢147 uon1nHa1u39831 1180151971 False Positive Rate 11a % False Negative Rate 114113
9

a 4 ) o [ 5 . { 2 { 19 1 .
UsziiuTuaa iosnnd s Tueans19903agiunsoun I (Bounding Box) Mtilu'lil 1&arnah 1319 False Negative
.. V. I A . ° Yo = = a '
(FN), False Positive (FP) ttag True Positive (TP) NA® True Negative (TN) Mmldsnuves TN Junuazaz@eanu 'l A
= ' o Yo a a ' Yy 1 o 1 . . =2~ °
TN %ﬂugﬂumﬂﬂmﬂﬂizﬁmmw dawalit 15n511A1 False Positive Rate 11a False Negative Rate BINgFATNITAIUINU

2 e .. 9
Yuogiu TN 1 lumsnfseuiiou TuaansrnduiagTuni

v
@ @

= g a A [ . . A A 9
AN S @1awaﬂﬂizﬁmmwinmaﬂﬁixm‘nm’mﬁm’mq (Object Detection) 1NN UNNYIVDY

o Y

M Iadszansanlauaa Object Detection

NI
Precision Recall F1-Score mAP AP  AverageloU FPS

Small Object Detection in Traffic
Scenes Based on YOLO-MXANet v v v v

(Xiaowei et al., 2021)

Fire-YOLO: A Small Target
Object Detection Method for Fire v v v v

Inspection (Lei et al., 2022)

Comparing YOLOv3 , YOLOv4
and YOLOvS5 for Autonomous
Landing Spot Detection in Faulty

UAVs (Upesh & Hossein, 2022)

You Only Look Once (YOLOv3):

Object Detection and Recognition

v v v v v v
for Indoor Environment (Hassan et
al., 2021)
YOLO-GD: A Deep Learning-
Based Object Detection Algorithm
v v v v v

for Empty-Dish Recycling Robots

(Xuebin et al., 2022)

1 4 H
M3 197N 6 LaAIMIfFeuNeUlsEaANTNIMUD YOLOV3 1ag YOLOV4 Duad¥iailszd@nsnin s @annaid
a ' S 1 A o a o
agl ldredy Harsanana lumsiseziiuiniie Twaagmiwnilsziliunudeyaganadeu Tasnmsw YOLOv4 14

HAANEMIATITU0 15 lunmmiguladnil YoLovs
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§ a a o (g A g
3197 6 1f5ouRonlsz@nEnImues YOLOV3 ag YOLOv4 lumsasiatuensuudeyayanaaou danaviilu

o 2 oy YA N ' =
WJ‘Viu1l!a$Tﬂlﬁuiﬁﬂ@WﬂﬂWﬁﬂﬂ‘ﬂq@ﬂl@ﬂﬂW Mean ttag SD Gluumwm 9

YOLOvV3 YOLOv4
Performance on Testing Dataset

Mean S.D. Mean S.D.
Average Precision (AP): Gun 91.88% 0.009 95.79% 0.004
Average Precision (AP): Knife 52.97 0.109 59.39% 0.031
F1-score 0.80 0.05 0.84 0.005
Average loU 65.71% 0.039 68.99% 0.024
mAP@0.50 72.43% 0.059 77.59% 0.014
Average FPS (Tesla K80) 30.73 1.418 18.63 0.777

3. madszidiuwaiIdlemigu

3.1 Ussidupamsdumnnn
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= . EY o 9 Y = v A it ' ax s
V‘lﬂ@lﬁll (Tram Set) agusyanaaol (Test Set) HULIBY ﬁT‘riﬁ’llmimiﬂllEU’e]Hamﬂ"mﬁ"ﬂﬂﬁ@ﬂuiuﬁﬂu“um’mi@mi@uﬂ
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J ag 4 A Il < ' Yo o am 4 = @ Y
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