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Bootstrap Confidence Intervals for the Mean of Zero-truncated Poisson-Ishita
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Abstract

Many situations involve count data containing non-zero values and the zero-truncated Poisson-Ishita
distribution can be used to model such data. However, confidence interval estimation for the mean has not yet
been examined. In this study, the percentile, simple, and biased-corrected and accelerated bootstrap confidence
intervals were examined in terms of coverage probability and average length via Monte Carlo simulation. The
results indicate that attaining the nominal confidence level using the bootstrap confidence intervals was not
possible for small sample sizes regardless of the other setting. Moreover, when a sample size was large, the
performances of the bootstrap confidence intervals were not substantially different. Overall, the biased-
corrected and accelerated bootstrap confidence interval outperformed the others, even for small sample sizes.
Lastly, the bootstrap confidence intervals were used to estimate the population mean for the zero-truncated
Poisson-Ishita distribution via the number of unrest events in the southern border area of Thailand, the results of
which match those from the simulation studly.
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Introduction

The Poisson distribution is a discrete probability distribution that measures the probability of a given
number of events happening in specific regions of time or space (Kissell and Poserina, 2017; Andrew and Michael,
2022). Data such as the number of orders a firm will receive tomorrow, the number of calls the firm receives next
week for help concerning an “easy-to-assemble” toy, the number of defects in a finished product, the number
of customers arriving at a checkout counter in a supermarket from 3 to 6 p.m., etc, (Siegel, 2016) follow a
Poisson distribution.

The probability mass function (p.m.f.) of a Poisson distribution is defined as

-4 9X

A , x=012,.., 1>0, (1)
x!

px;2) =2

where e is a constant approximately equal to 2.71828 and A is the parameter of the Poisson distribution. This
probability model is can be used to analyze data containing zeros and positive values that have low occurrence
probabilities within a predefined time or area range (Sangnawakij, 2021). However, probability models can
become truncated when a range of possible values for the variables is either disregarded or impossible to
observe. Indeed, zero truncation is often enforced when one wants to analyze count data without zeros. David
and Johnson (1952) developed the zero-truncated Poisson (ZTP) distribution, which has been applied to datasets
of the length of stay in hospitals, the number of published journal articles in various disciplines, the number of
children ever born to a sample of mothers over 40 years old, and the number of passengers in cars (Hussain,

2020). The zero-truncated distribution’s p.m.f. can be derived as

P, (%; 0)

—— x=123,.., 2)
1- po(O;g)

p(x;0) =

where p,(x;6) is the p.m.f. of the un-truncated distribution. Shukla and Shanker (2019) defined the p.m-. of the

Poisson-Ishita (PI) distribution as

0 x2+3x+(6°+26° +6+2)

, x=012,.., 6>0. (3)
(6°+2) @+

po(X;a) =

The mathematical and statistical properties of the PI distribution for modeling biological science data were
established by Shukla and Shanker (2019). The PI distribution arises from the Poisson distribution when
parameter A follows the Ishita distribution proposed by Shanker and Shukla (2017) with probability density
function (p.d.f.)

f(ﬂ;9)=930—3(6’+/12)e"‘”, 1>0,0>0. (@)
+2

Shanker and Shukla (2017) showed that the p.d.f. in (4) is a better model than the exponential, Lindley
(Lindley, 1958) and Akash (Shanker, 2015) distributions for modeling lifetime data. Many distributions have been
introduced as an alternative to the zero-truncated Poisson distribution for handling over-dispersion in data, such
as the zero-truncated Poisson-Lindley (ZTPL) (Ghitany et al., 2008), zero-truncated Poisson-Sujatha (ZTPS) (Shanker

and Fesshaye, 2015) and zero-truncated Poisson-Akash (ZTPA) (Shanker, 2017b) distributions.
Recently, Shukla et al. (2020) proposed the zero-truncated Poisson-Ishita (ZTPI) distribution and its
applications. The moment, coefficient of variation, skewness, kurtosis and the index of dispersion of ZTPI

distribution had been proposed. The method of moments and the maximum likelihood method have also been
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derived for estimating its parameter. Furthermore, when the ZTPI distribution was applied to two real data, it was
more suitable than ZTP, ZTPL, ZTPS and ZTPA distributions.

To the best of our knowledge, no research has been conducted on estimating the bootstrap confidence
intervals for the mean of the ZTPI distribution. Bootstrap confidence intervals provide a way of quantifying the
uncertainties in statistical inference based on a sample of data. The concept is to run a simulation study based
on the actual data for estimating the likely extent of sampling error (Wood, 2004). Therefore, the objective of the
current study is to assess the efficiencies of three bootstrap confidence intervals for the population mean of
ZTPI distribution, namely, the percentile bootstrap (PB), the simple bootstrap (SB), and the bias-corrected and
accelerated (BCa) bootstrap methods. Because a theoretical comparison is not possible, we conduct a simulation
study to compare their performances and used the results to determine the best-performing bootstrap

confidence interval based on the coverage probability and the average length.

Theoretical Background

Compounding of probability distributions is a sound and innovative technique to obtain new probability
distributions to fit data sets not adequately fit by common parametric distributions. Shukla and Shanker (2019)
proposed a new compounding distribution by compounding Poisson distribution with Ishita distribution, as there
is a need to find more flexible model for analyzing statistical data. The p.mf. of the Poisson-Ishita distribution is
given by in (3).

Let X be a random variable which follow ZTPI distribution with parameter @, it is denoted as

X~ZTPI(@). Using Equations (2) and (3), the p.m.f. of ZTPI distribution can be obtained as

6° X2 +3x+(6° +20° +0+2)

5 2 3 2 " , Xx=12,3,..., 6>0.
+20" +0° +660° +60+2 (6+1)

p(x;0) = 7

The plots of ZTPI distribution with some specified parameter values € shown in Figure 1.
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Figure 1. The plots of the mass function of the ZTPI distribution with € =0.5, 1, 1.5 and 2
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The expected value and variance of X are as follows:

0° +30° +30" +76° +180% +180 + 6
E(X)=u= PR E— (5)
0(6° +26" +6° +60° +60+2)

and

_(0+D)(6° +46° +60° + 270 +690° +986° +1366° +2086° +1806° + 726 +12)

var(X) = o -
0% (6° +20* +6° +60% +60+2)

The point estimator of 6 is obtained by maximizing the log-likelihood function logL(x;8) or the
logarithm  of  joint pmf. of  X,,X,,..X,. Therefore, the maximum likelhood (ML)

estimator for 6 of the ZTPI distribution is derived by the following processes:

a "
2 2 nlog(es+294+93+692+69+2j_zxi 109(0+1)
—logL(x;0)=— =
26 20

+Zn‘llog[xi2 +3x +(6° +20* + 0+ 2)]
i=1

_3n_n(50"+80° +30° +120+6) nx +Zn: (30 +460+1)
0 60°+20°+60°+60°+60+2 O0+1 Fx2+3x +(6°+260°+60+2)

Solving the equation a—a‘glog L(x;0)=0 for €, we have the non-linear equation

3n n(50°+86° +30° +120+6) X 3 (36° +46+1) _
0 6°+20'+0°+60°+60+2 0+1 T x2+3x +(0*+20°+0+2)

where X = in /n denotes the sample mean. Since the ML estimator for 8 does not provide the closed-form
i=1

solution, the non-linear equation can be solved by the numerical iteration methods such as Newton-Raphson
method, bisection method and Ragula-Falsi method. In this paper, we use maxLik package (Henningsen and
Toomet, 2011) with Newton-Raphson method for ML estimation in the statistical software R.

The point estimator of the population mean (/&) can be estimated by replacing the parameter 6 with
the ML estimator for @ shown in Equation (5). Therefore, the point estimator of the population mean (g) is

given by

0° +36° +30* +76° +186° +180 +6
0(0° +20* +6° +60* +60+2)

/i\l:

where @ is the ML estimator for . It is obvious that the point estimator of the population mean () is different

from the parameter estimator ().
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Bootstrap Confidence Interval Methods
In this study, we focus on the three bootstrap confidence interval methods that are most popular in
practice: percentile bootstrap, simple bootstrap, and bias-corrected and accelerated bootstrap confidence
intervals.
1. Percentile bootstrap (PB) method
The percentile bootstrap confidence interval is the interval between the (a/2)x100 and
(1-(a/2))x100 percentiles of the distribution of u estimates obtained from resampling or the distribution of
[, where u represents a parameter of interest and « is the level of significance (e.g., @ = 0.05 for 95%
confidence intervals) (Efron, 1982). A percentile bootstrap confidence interval for  can be obtained as follows:
1) B random bootstrap samples are generated,
2) a parameter estimate " is calculated from each bootstrap sample,
3) all B bootstrap parameter estimates are ordered from the lowest to highest, and
)

4) the (1-a)100% percentile bootstrap confidence interval is constructed as follows:
Clpg :[ﬁ;r)lﬁ(*s) ) (6)

where /}(*a) denotes the o™ percentile of the distribution of #° and 0<r<s<100. For example, a 95%

percentile bootstrap confidence interval with 1000 bootstrap samples is the interval between the 2.5 percentile
value and the 97.5 percentile value of the 1000 bootstrap parameter estimates.
2. Simple bootstrap (SB) method
The simple bootstrap method is sometimes called the basic bootstrap method and is a method as
easy to apply as the percentile bootstrap method. Suppose that the quantity of interest is x4 and that the
estimator of u is 4. The simple bootstrap method assumes that the distributions of g—u and i — i are

approximately the same (Meeker et al. 2017). The (1-)100% simple bootstrap confidence interval for u is

Clgg =[ 241 ity 2= i |, (7)

A

where the quantiles ,&(*r) and [z(*s) are the same percentile of empirical distribution of bootstrap estimates 6"

used in (6) for the percentile bootstrap method.
3. Bias-corrected and accelerated (BCa) bootstrap method
To overcome the over coverage issues in percentile bootstrap confidence intervals (Efron and
Tibshirani, 1993), the BCa bootstrap method corrects for both bias and skewness of the bootstrap parameter
estimates by incorporating a bias-correction factor and an acceleration factor (Efron, 1987; Efron and Tibshirani,

1993). The bias-correction factor Z; is estimated as the proportion of the bootstrap estimates less than the

original parameter estimate £,

where @ is the inverse function of a standard normal cumulative distribution function (e.g, ®*(0.975) ~1.96).

The acceleration factor @ is estimated through jackknife resampling (i.e., “leave one out” resampling), which
involves generating n replicates of the original sample, where n is the number of observations in the sample.

The first jackknife replicate is obtained by leaving out the first case (i=1) of the original sample, the second by
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leaving out the second case (i=2), and so on, until n samples of size n—1 are obtained. For each of the

jackknife resamples, [z(_i) is obtained. The average of these estimates is

iZl:/&(fi)

0T

n

A

Then, the acceleration factor a is calculated as follow

E

('[l(') _'[l(fi) )3

32"
('a(‘) _ﬁ(i))z}

4=—11
|

With the values of Z, and @&, the values ¢, and «a, are calculated,

>

=1

5 Z,+z Z,+z
=07, +—2—22 | and a,=®{2 —AO Lalz
1-4(2,+2,,,) 1-4(2, +Zl—a/2)

where z_,, is the a quantile of the standard normal distribution (e.g. z,,,, =—-1.96). Then, the (1-«)100% BCa

bootstrap confidence interval for g is as follows
CIBca :[[’(*a1)’ﬁ:az):|' (8)

where f,, denotes the o™ percentile of the distribution of 4.

Simulation Study

In this study, the bootstrap confidence intervals for the mean of a ZTPI distribution are determined.
Because a theoretical comparison is not possible, a Monte Carlo simulation study was designed using R version
4.2.2 statistical software (lhaka and Gentleman, 1996) and conducted to compare the performances of three
bootstrap confidence intervals for the mean in a ZTPI distribution. The study was designed to cover cases with
different sample sizes, as n = 10, 25, 50, 75 and 100, reflecting small to large samples. To observe the effect of
small and large variances, the true parameter (6) was given by 0.25, 0.5, 0.75, 1 and 2, and the population
means u are 12.0523, 6.0968, 4.1094, 3.1111 and 1.7182, respectively. It shows that the mean and variance of
random variables will decrease as the value of 6 increases. B = 1000 bootstrap samples of size n were
generated from the original sample and each simulation was repeated 5000 times. Without loss of generality, the
confidence level (1-a) was set at 0.95. The performances of the bootstrap confidence intervals were compared
in terms of their coverage probabilities and average lengths. The one with a coverage probability greater than or
close to the nominal confidence level means that it contains the true value and can be used to precisely

estimate the confidence interval for the mean.

amuudgnaucuul BKIdNYIauSWNNIay

705



msUs:3ud3IMss:auda s1nniasdzims Ason 9 Us:910 w.A. 2566
“\)1u5€uﬂou‘Iuﬁ|u“iauns:dumsugﬁvqarhqnuaoquuu" sui 22 iwAy 2566

Table 1. Coverage probability and average length of the 95% bootstrap confidence intervals for g in the ZTPI

distribution

Coverage probability Average length
§ o “ PB SB BCa PB SB BCa

10 2 1.7182 0.8596 0.8124 0.9354 1.2000 1.2003 1.3755
1 3.1111 0.8946 0.8666 0.9096 2.5049 2.5059 2.6504

0.75 4.1094 0.8860 0.8706 0.8910 3.2019 3.1999 3.3505

0.5 6.0968 0.8814 0.8652 0.8878 4.5973 4.5999 4.8053

0.25 12.0523 0.8838 0.8740 0.8872 8.5869 8.5910 8.9717

25 2 1.7182 0.9134 0.8948 0.9378 0.8239 0.8239 0.8773
1 3.1111 0.9220 0.9056 0.9306 1.6627 1.6635 1.7086

0.75 4.1094 0.9276 0.9174 0.9294 2.1769 21772 2.2318

0.5 6.0968 0.9244 0.9170 0.9272 3.1100 3.1124 3.1889

0.25 12.0523 0.9212 0.9152 0.9268 5.7835 5.7859 5.9211

50 2 1.7182 0.9310 0.9204 0.9400 0.5950 0.5946 0.6146
1 3.1111 0.9432 0.9352 0.9420 1.2053 1.2057 1.2248

0.75 4.1094 0.9402 0.9362 0.9400 1.5667 1.5678 1.5877

0.5 6.0968 0.9430 0.9370 0.9424 2.2455 2.2473 2.2779

0.25 12.0523 0.9356 0.9334 0.9358 4.1784 4.1760 4.2344

75 2 1.7182 0.9334 0.9222 0.9426 0.4883 0.4887 0.5002
1 3.1111 0.9416 0.9364 0.9408 0.9908 0.9903 1.0022

0.75 4.1094 0.9436 0.9390 0.9434 1.2886 1.2887 1.3004

0.5 6.0968 0.9404 0.9380 0.9418 1.8493 1.8475 1.8651

0.25 12.0523 0.9466 0.9422 0.9474 3.4443 3.4450 3.4761

100 2 1.7182 0.9396 0.9286 0.9454 0.4237 0.4237 0.4311
1 3.1111 0.9436 0.9398 0.9444 0.8605 0.8602 0.8672

0.75 4.1094 0.9416 0.9358 0.9444 1.1208 1.1205 1.1286

0.5 6.0968 0.9466 0.9456 0.9462 1.6084 1.6074 1.6187

0.25 12.0523 0.9416 0.9420 0.9382 2.9885 2.9857 3.0071

The results of the study are reported in Table 1 and Figures 2-3. For n = 10, the coverage probabilities of
the three confidence intervals tended to be less than 0.90, except in a few cases where the values of u are less
or equal to 3.1111 for BCa bootstrap method. The nominal confidence level of SB method is difficult to reach in
circumstances where ¢ =1.7182 and n=10. Generally, as sample size increases, the coverage probability tends
to increase and approach 0.95. The average length also obviously increases when the value of u increases; this
is because of the relationship between the variance and u value. Unsurprisingly, as sample size increases, the
average length falls. It can be as small as approximately 0.8239 when u is at 1.7182 and the sample size is 25;
the largest average length, 59211, occurs when £=12.0523 and n=25 in the case of BCa method.
Furthermore, the average lengths of PB method are similar to those of SB method in all situations.

The performances of the three confidence intervals differed when the variance of the distribution was
small (i.e., var(X)= 5.0185,1.2602 for x=3.1111, 1.7182, respectively) and n was small (i.e, n=25); the BCa
bootstrap method outperform the PB and SB methods in terms of coverage probability. For a small sample size,

a larger variance (i.e., var(X)=>59.3808, 17.2077, 8.4358 for x=12.0523, 6.0968, 4.1094, respectively) provided

similar performances from all three confidence intervals.
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Figure 2. Coverage probability of the 95% bootstrap confidence intervals for g in the ZTPI distribution when (@) N =10 (b)
nN=25 () n=50 (d n=100

Numerical Example

We used a real-world example to demonstrate the applicabikity of the bootstrap confidence intervals
for the mean of the ZTPI distribution established in the preceding section. The number of unrest events
occurring in the southern border area of Thailand from July 2020 to October 2022 collected by the Southern
Border Area News Summarizes (SBAN Summarizes) (http://summarise.wbns.oas.psu.ac.th) was used for this
example (the total sample size is 28). The number of unrest events per month during this time period in the five
southern provinces of Pattani, Yala, Narathiwat, Songkhla, and Satun is reported in Table 2 and Figure 4. For the
goodness-of-fit test (Turhan, 2020) in Table 2, it is obvious from the chi-square statistic and p-value that the ZTPI
distribution gives much closer than the ZTPL and ZTPS distributions. Therefore, a ZTPI distribution with
6 =0.4532 is suitable for this dataset. The point estimator of the population mean is 6.7100. Table 3 and Figure 5
reported the 95% bootstrap confidence intervals for the mean of the ZTPI distribution. The estimated parameter
6 is between 0.25 and 0.5. The results correspond with the simulation results for n=25 because the average
lengths of the PB and SB methods were shorter than those of the BCa bootstrap method. According to the

simulation results, the coverage probability should be 0.92.
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Figure 3. Average length of the 95% bootstrap confidence intervals for u in the ZTPI distribution when (@) N =10 (b) N =25 ()
n=50 (d) n=100

Table 2. The number of unrest events and expected frequency in the southern border area of Thailand

Expected frequency
Number of unrest events Observed frequency
ZTPL ZTPS ZTPI
1 3 3.0731 2.3069 2.0016
2 1 3.1064 2.7231 2.5728
3 3 2.9694 2.8944 2.8708
4 2 2.7370 2.8675 2.9250
5 a4 2.4591 2.7018 2.7995
6 3 2.1678 2.4518 2.5601
7 4 1.8832 2.1611 2.2616
>8 8 9.6040 9.8934 10.0086
ML Estimator 0.2900 0.4252 0.4532
Chi-square statistic 5.5611 4.2384 4.0875
df. 6 6 6
p-value 0.4741 0.6444 0.6648
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Figure 4. The number of unrest events in the southern border area of Thailand

Table 3. The 95% bootstrap confidence intervals and corresponding widths using all intervals for the mean in

the unrest events example

Methods Confidence intervals Widths
PB (5.1867, 8.2769) 3.0908
SB (5.1456, 8.1951) 3.0495
BCa (5.1896, 8.4390) 3.2494

gl
; ‘
U BEIZC-I PIE SIE
method

Figure 5. The 95% bootstrap confidence intervals for the mean in the unrest events example

Conclusions

The bootstrap confidence intervals of the mean of the zero-truncated Poisson-Ishita distribution are
investigated in this study. At n =10, all coverage probabilities are substantially lower than 0.90. A sample size of 25 is
still insufficient to achieve the nominal confidence level for all 8's and bootstrap confidence intervals. When the
sample size is large enough, i.e., greater than or equal to 50, the coverage probabilities from three bootstrap methods,
as well as the average length, are not markedly different. According to our findings, the BCa bootstrap method

performs best even with small sample sizes as long as the variance of the ZTPI distribution is not too large.
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Tnssadruasannveavtinvesiduundasilenlulasdiiadoudefduuninseuatlnness
Structural and Wettability Property of DC Magnetron Sputtered CrN Thin Films

a ¢l aw & aa o ¢2*
RAT ‘Uuiimﬁﬂ UTUAT INADUURA

E-mail: adisornb@buu.ac.th; nirun@buu.ac.th

UNANYD

Hauunslasfeululasd (CrN) gnindeuuuunudineularnsvandladsme saduuninseuadnneslagnisuusen
Saslvautalulnsioudaus 5 89 15 scem lefnwnavessaslvautalulnsiauselasiaauaranneuinvedlduung
Tnsdlenlulnssindeuldlaonisinusemaia XRD, EDS, AFM, FE-SEM LLazLﬂ%‘aﬁmuﬁuﬁa NANSANYNUIINANUN
findeuldfefisulasflonlulassszuiu (111), (200), (220) waz (311) Inedlinsiivandiglutng 4.136 - 4.159 A wurandn
fidnanasann 28 nm 1 22 nm AArusgReas (R, anasain 4.0 nm 1y 2.3 nm Wesnsiluauialulnsiauiiudy
1MERTLARBULALAUNUNTNINHAVDY FE-SEM nuindiAtanasann 28.42 10U 20.33 nm/min way 1705 1Ju 1220
nm sud1du uenanismuhiiduiindeusasdnalvautalulanausti (5 uay 10 scem) Tduflenumenuingauasians
autdlelasiian dwildunfoumesnslvauialulasiaugs (15 sccm) Hduflanunerviasuas wansaudilelasindn
nansinadsiiandiiiuingnslvautalulnsaudumninesid iy vesnsindeuiliduunieisaguuninseu
alnmess dsdmariolnsiadiwan dnwariiuiin AnuveuiiLezan e thvesTiduudasilonlulase

AdnAey: lasflenlulasd wandnseuadmmeds anmeuth duuis

Abstract

The CrN thin films were deposited on silicon and glass slides by the DC magnetron sputtering method
through adjusting N, gas flow rate from 5 to 15 sccm. The effect of N, gas flow rate on the structure and
wettability of the as-deposited CrN thin films were investigated using XRD, EDS, AFM, FE-SEM, and contact angle
measurement. The results show that the as-deposited thin film is a CrN film, with (111), (200), (220), and (311)
plane, which is the lattice constant in the range of 4.136 - 4.159 A. The crystallite size decreased from 28 nm to
22 nm. The average roughness (R,) value gradually declined from 4.0 nm to 2.3 nm, as the N, flow rate
increased, Consequently, both declination from 28.42 to 20.33 nm/min and 1705 to 1220 nm for deposition rate
and thickness analyzed from FE-SEM result. In addition, the as-deposited at a low N, flow rate (5 and 10 sccm)
have high surface roughness performed the hydrophilic property, while the highest N, flow rate (15 sccm) has
low surface roughness performed the hydrophobic property. The results articulate that the N, flow rate was one
of the important process parameters in the DC magnetron sputtering method that could affect the crystal

structure, surface morphology, roughness value, and wettability of CrN thin films.

Keywords: CrN, Magnetron sputtering, wettability, thin films
anuduunvastom
UagdunszuiunmsusuusaiuiivesiagveldsunuamseinunanUigariivesiusuyenIeiloyn i

q
¥
a ¢ [

gunsaldmiunds in da 131g wdiuidmiuiugUlans mé’uqﬂﬁmmwﬁudaum%ﬁﬂi \eBnorgnisldauiiud
ANuE Ao INd M UNURAEIMNTTH (Hosokawa et al., 2012; Li et al., 2020) g i wedangnsuaduly
Tosel 1w lnmdenlulase (TiN) warlasdenlulase CN) Wutuadeuudildsuaudonlunmsidoasiam naenay
fimsthanldeuedreaniewang esantuedoutaedlautidnanazlnsiulad (ribology) i Fatrefunising
semenslday Snmadallantigunisinnseureansed vliduedevudwednmidsululasduaslasdonlulnse
Wiz msunsUssenaldiudainssy (Wan et al, 2019; Gonzalez-Carmona et al., 2020; Chen et al., 2020)

1,2 ¢ o a aa ¢ a s a Y
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SN aa

Miguuwdiitenldluiwsnie nmdedlulass (TiN) \leanfinuudsgenn fiadosammanding
finnudumuliihduasnusdenis@nuseldd wilidedeamseilduuslnmidsylulasdnionldroudisen agralsia
Fundouuddneiianiliilasummuadlatolasdenlulase Woswnlandeululnsdilautidnanazlnsluladiinlndifes
fulmndeululasdnanefiaruudegs fiadosnmmaaiiuazanuiou Sntsdsfinnuamusenisfnniou funu
maineendwtuuaztestunsinedinldd wasfiddalasdlenlulasdamnsawdouldneniinmdenlulagg anaudd
iR dvhlfsuudandeululasd dutagiitdnenmuaziiauls Wendsuidisutulnndenlulasd dmsuianldidy
%uﬁaqﬁuﬁm%qﬂﬂm}dw FuauAIsdnsuazusfas (mold) lugnamnssusia9 (Ruden et al., 2013; Ferreira et al,,
2020) fauiigaudasdenlulasasdenthulfindeviwifuifedestulymmamenseningddan

mswisuiiduunaadouudwedasdlonlulasdamnsarilivnaieds uiisfiteuuarldfuanuaulesgnaniiaeing
Aanstdaumelonianin (physical vapor deposition; PVD) %aLﬁuﬂizmumiﬁLﬁﬂ%uiuqzyzywmﬂ Tnemsindeuisi
sdslasuanuaulaegrannisludnunsifowasiau sudmnhuldnunimegeamnssy idesnifuiininaieu
‘ﬁ"Lﬁ'?Um‘maﬁuiwﬁﬂiz%wﬁquaLLaszJuﬁmﬁ’UﬁaLumé’auLﬁmﬁ]'m"l,aiﬁmﬂ%'amﬂﬁ ag1alsnansidsumelenignn
Faanunsauvuengesaaniduitingg 1esnna1eis Inedsuidiiuszansamuariimsthunldnutuegiunsvans fe
Fuuninsouadnnois Hesniduitindouiiannsamununssuunsldae fSmsndevguazanninadouiuan
figungiivios silfninadoudeisituuninsouatinmeumunzdmivldiedoudurudfiduauundmsani
ATIREINISVBINIARAAMINTSL (Tan et al, 2011; Lin et al, 2011) wonaniinsiadeufiduuiudeedesnionlulasd
oIsunninseuatnneTefeamnsamuaudnuazianzvesdlduliielnonisudsamiemuguiloulunisiadeu
(Subramanian et al., 2012; Zhang et al,, 2013) W N15AIVANANLGY Bnbraufia iaslui w89 Tnolanzogads
nsmuausns vauiarlflunszuiumandeuisiunumddytensudsunUamedasiaimdn dugnwinevesiuia
AMUBEIULaYaNURVDIAL (Wan et al, 2010; Shan et al., 2014)

autiddyermilwostuadevlasdionlulnsiie Jeafunsin (anti-sticking) vesRaTuNY NEMIAETUIL
fidnswdeuinesiinuay nstenavesanssuduldldenn stilunsdlulfui@n (njection mold) ¥ lunswansingu
venAnsusiussinnmanain esmnuuediemrinddentugunndae warafnfidaduifuiiedusuenatinismnd
Anogriuinveasifuivhlnansusilifiym SsfinasgranndonisruuaunmesHanius n1siadeuRauwifuida

Y
1%

Fetundeuiimnyauaytiedestulilinanainidlufamndnsiiulifiui@nssrinanssuaunisndn (Yang et al, 2011)
dmfunsiieaeinieUssduanuaimnsolunistestunisinvesnarafnluudfisdds szyldainanimseuih
(wettability) Fsmunefennuanansalunmsnszaisfvesteunaivuiiuiivestan nsanwweuthialdainayuduia
(contact angle) sw*jwwamﬁmwaauﬁuﬁuﬁwaﬁaq (Praveen, 2019) ﬁy’ﬁaﬂwwmauﬁwaﬁuﬂﬁa@ﬁmmﬁﬁzya&m
wnitadunguiuarnislinuatdugeainnssy Tnglutammsssiiualddnsfnuidowasinu audilalasian
(autRveuri) vie audAlelasindn (auiRliveu) vestuindouniefiduunanaguoiios fmuitadendsiiiavina
athmwﬂﬁaauﬂ’ﬁﬁﬁaé’wmgﬁ’mgmﬁmwmﬁuﬂa I@aLawwzﬂ"]mmMmuﬂwaqﬁuﬁmaﬁa@ﬁaﬂa (A1 R, Waz R
Tnefseny nsAnnidefefusavesnnumeiuiadeaneeutivesiiduuisiiannsatundssgndldlunistestu
A3NIZAAYANEUNAL (Berni et al., 2017; Knotek et al., 2019; Jiang et al., 2021)
mﬂauﬁaﬁmaﬂwaﬁ\la’umﬂﬂ3Lﬁau"l,ulmﬁwﬂmmmnma%LLaxwwm1qﬂf?ﬁumamquﬁgﬂué’mmsm%am
nslasgnarnsUszgndld wiluteiikiuannmsidefofuandianmseuimesdidudendoululasd findouds
Frduuninseuaiinmeisluduiifefunaredasiaaviodnuuziiuistesfiduuseauti annsouihilegdossin
Tnglunuideiidunsmenumamsfnwnsiesuas msdnmdnuusanzvesiiduulasdoululasiiinioudeis
Agwuniinseualnmess siufiwavednilvauialulasiauselasiadiwin ssduszneumanil lassainania dnwae
fufuazanmreuimesiidlandenlulasdiieiouldifodufeyafiugudmivnuidouasUssandldsely

MQUILAIAYRINITIAY

1. ednwnswssufisuulasdonlulassreisiasuentnuuninseuatnmess

2. \iefnvwavessanlnaudalulasiauifnanelasiadrwdn ssrdsznounmaail laseasegania Snwniziuiin
wazamwreutilauuslasflenlulassiinIeols
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F/AUUNTIY
1. mswseuianulaslisnlulasa

Asuudlandeylulasdlunuiiniouseissueninfiduuninsoualimmnessianisundoussuvalnmess
(U 1) vosmadniiand angInermans ininendeysw sieandeuiidnuasidunsinszuen Whasedeuduusunay
PAEUHILALINANY 5.0 cm w1 3.0 mm AefiuAlnasdasruisanufeudlstinudaiatuuiulauuresienadey
w¥ouuvaadglnilussgs (High voltage power supply) NEUARTITLIA 3 A 1000 V S2UUIATOIGUERAINAYEILATES
Lﬂﬁawizﬂauﬁwm%‘laﬁgmwuuwﬂa (Diffusion  pump) %ﬂﬁm%"aaqmaiim% (Rotary  pump) L?;Jum%"aaquﬁw
nsianusuluvionndeuldyninainuduves PFEIFFER delddiunaninagu TPG262  wagldunsinanuduginiig
(Full range gauge) g PKR251 dwsunisindeuldufiaensneu (99.999%) WWuufaadames wazufialulasiau (99.995%)
HuuhalufiBelassnoruedosnuausnslvamiaufaues MKS Ju type247D

mstadeuduniniansesivldunuiudaneudmivAnvilaseairmdnuaznszanalasdmiudne
anmeuih Suiauarealnenisdndisesdlnusarlelelnsnuealuaiesdn sdanslefinduian 10 wituay
Wildursdeutalulasiau Insnslansesiuluieaadousanuindiaisiedeusiifu 10 cm anduanaudu
Tureaedouldiindu 5.0x10° mbar (Base Pressure; Py udUassufaaisneunazufalulasiaudniesndau
Tnerimualisasinauniaersneuiidrsfinaeanisindouniiiu 20 scem waz wusaudalulasiaulugag 5 89 15 scem
ANUAIAU ﬁaﬁizmwmiLﬂﬁaumuaummﬁumﬂﬁmﬁwhﬁ“u 5.0x10” mbar (Working Pressure; P,) A18n15Usu1an
aania lnsildundazyaldinanaiouuiu 60 uri uazlifdsainmeiansfinasanisindouminfu 175 W

@
o v A

dmsuidoulunaeteuiidunddunsfnwedadaglunssd 1
2. MsAnwdnvazenzwazan YU lduunsTasdeulylnsd

NduThnsenldfommmilAnndnvasamzdomaiame fi

21 TassaiemdnvesiiduAnuidemaiansiaeiuudediend (Xray diffraction; XRD) 91A4A383073
Aenuuediondues Bruker Ju D8 lasnsrataseiilestaeaiiu0.02° wuu 20-scan sewinaya 20 fa 80° Tulnuaflduns
(Thin Film Mode) seyuannsznuides wiriu 3°

22 uinnAnvedilduindouldfuiumuaNnIsYas Scherrer (Abdeltawab et al, 2011) 9n@ANN15HE

il
Scozf

YUIAREAN

©

ANPIAWINAU 0.9

©

ANUENIARUYRITIENT (Cukow = 1.546 A)
ANUNTNASINTYRINATIIAIAINLTNEER
GRVINBE T

D) Db Db Db b
® o

®

dwiudArasfinaniignianguuuunisidenuuidiendvesilduueile Ineldaunisnisnisseeing

¥
=1

sznieszuuvesiidundasdonlulasdiiiaseadwdnuuumesdumesda (FCO) (Wolfe et al, 2011) 91naun1ssail
&
dlo dy o svesiessminessuuNEn
a Ao mAsiuaniio
hkl fo sudiiiaiaes (Miller indices)
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23 Envuziuivesiiduiiedeuld Anwdendesqanssmiussosmeu (Atomic Force Microscopy; AFM)
99 SEIKO 3u SPA400 Tulyuaunyda (Tapping mode) (4) Anamenuinvesildudilamuinandeyadildain AFM (Hudn
AUMETUR1RA (R) WarAmAMUENURd ms (R, (5) lassainegania adnvIwaEAUIveIauAnwAendes
ﬁ]amiﬂﬂalﬁﬂG\iEJ‘LJLLU‘Uﬁ'aﬂﬂim (Field Emission Scanning Electron Microscopy; FE-SEM) @84 Hitashi i'u s4700 (6)
mﬂﬂsmaw’mmu ﬂﬂ‘l&ﬂﬁnﬁlLVIﬂ“LJﬂﬂWi’JLﬂi%Wﬂ’liﬂi PYNFNUVDITIELOND (Energy Dispersive X-ray Spectroscopy,
EDS) U84 EDAX Gmmﬂmma‘mﬂaaﬂunaawamssﬂmwuamﬂsm ¥84 LEO u1450VP dmumsinmanmyeuiiUsyidiy
mﬂﬂmmama‘uawammmmmmmammmmamaiwwum Fausznausendas CCD wazlusunsudunmudaniuiae
yuduria lnedaayuduiavesiidulasdenlulasdynas 5 90

Unbalanced Magnetron
Cathode

™

\\
Cathod:e Shield ™

™,

F Shutter Tar.g et

DC power
supply

to vacuum pump system

a o a a ie av
amil 1 lnezunsunasanyazvesAlauAiaufldlunuide

5199 1 Weulvnmswdsuiauudesiaululase

w15fnes gaziden
Whansiedeu Cr (99.98%)
srggreserahansindeuiuiansessu 10 cm
AU 5.0 x 10° mbar
ANURUTINVEIAT U 5.0 x 10° mbar
onslvauiae1snou 20 sccm
onslvaunalulnsiau 5,10 uag 15 sccm
Masalnnoss 175 W
LAINISIARDU 60 min

NAN15338
1. lassadremdnvasiduundlasidioululasd
Al 2 uansgUuuunsdeILiidendvesiiduulesflonluln s deuuuusudaneudiousansnslua
wialulasiou nuhgkuunmsdenvuddondvediduildulsmusnalmauialulnaou Inefisnalmouialulnse
Wity 5 scem wugUsuUNSABIULSdiendiiuy 36.5° 43.5°, 63.8° way 74.9° denndesfugUuuunisidsnuuiiiiend
vodlandfloululasfszuiu (111), (200), (220) waw (311) mugnudeya JCPDS (el 77-0047) dwduguuuunsideaiuy
&

v & o & v Y & o ¢ aa oy o2 o v @ I3
iﬂﬁLaﬂsﬂ‘V]l‘!ll 57.5 uuaaﬂﬂﬂ@Qﬂ‘UEULLUUﬂ']il,aEJ'JLUU?QﬁLaﬂW]“U@Q‘Uaﬂ@u%I%L‘Uu’JﬁQﬁaQi‘U MaUszuIv - (111) vy

¥
=

prefer orientation (AVMvBsFUNUUNMSRE VLT ERNGTMagR) Wodaslnauidlulasiauiinduiy 10 scem wui
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sUuvumMaisnUuiiienddadisuuuuiu Inseuiduvessuuuumaidisnuuddiond svu (111) wag (220) fidnanag
uidsfiszuu (111) Wussuuieu vasflssunu (200) wae (311) anaduressUuuunisdsvuidienddand anve
desamlmaufalulasaufisndy 15 scem sUuuUMadBIULSAondSsnanilowdn uinnuduressuuuunsdenoy
Fedondsvunu (111) anasednann duanudiressuuuunsidsuuisdiendszuy (200) wag (311) Ssasdaniuiu
M397 2 uansvuandnuazmasiwanfiviiduundandenlulpsdiiedeulfideuvsmnnivaufalulngiau
SloRnsumuendnvesiduitldnnguuuunsdsauuiidienddeiunnanannisves Scherrer nudvunandnvosiidu
fandasuuvadlumusnrlvaufallasiou Inefidaslvauialulasiaumiidy 5 scem wandvunawinfu 28 nm wazanad
Hu 26 nm idleldSnalnanfalulasiauniniu 10 scem wazgavineisasivaufdlulpsiaumiityu 15 scem vwiandnanas
wido 22 nm dudnsiiuaniivesiiduiiladialutag 4.136 - 4.159 A Fedianfudumusnalnautalulnsau lagaas
wanfiilldluniteifiaenndostudoyavesasusznoulnadenlulasdmugiudoya JCPDS (avfl 77-0047)

(111)  (200) (220) (311)
./\Nz =15scem

Pmnmanrn]

N, =10 sccm

Intensity (a.u.)

N, =5scem

- ,JLW..A A o

JCPDS : 77-0047

. e e L

20 25 30 35 40 45 50 55 60 65 70 75 80

2 Theta (deg.)

= & v o '3 a e = ot a oo o '
AINN 2 E‘IJLL‘U‘Uﬂ'ﬁLaEJ'JLU‘U?Q?{L@ﬂ‘ﬂ‘ﬂaﬂwalm%ﬂﬂﬂllEJlIlui(ﬂ‘Jﬁ‘lNLﬂﬁ@UWamiqlﬁﬁLLﬂa‘luImiLﬁmmqﬂs]

AN 2 AeNAn ApsTilaniguazesrUszneumaaiivesiauudasdlsululnsedandeunsaslivalialulasiaumige

dnsluauialulnsiau VUIAKEAN AAsTiwandie p3AUsENOUNNLALI (at.%)
(sccm) (hm) A Cr N Cr:N
5 28 4.149 42.08 57.92 0.73
10 26 4.136 41.27 58.73 0.70
15 22 4.159 39.98 60.02 0.67

2. asaUsznaumaaiivasianundlasifieululasa

dmiuesddsznoumaaiivesdlduiindeuldainnisinszsidiemaia EDS wuiilduunsilnieuldran
TunAdonssiifosnouvessalasidion () was lulnsiau () Wussdusznevludndauseg fu Fauusamusasiva
uhalulasiou agusamsned 2 uazanil 3 Fauansassduszneumaaiivesiiduiiuilsituresdnslnaufalulnsiay
Tnenanmsanwiluandiiduindnsilvauialulasauiiunumddaseesdussneumanaiivesilguiiadouls Tnanuin
dlesnslnaudalulnswuiiauan 5 scem Wu 15 scem YSunadasidenluiofiduanasmn 42.08 at.% u 39.98 at.%
wauzfivsinalulnsauiiatuen 57.92 at.% 1w 60.02 at.% Inesasdnlasnioudelulasiauiiiludig 0.67 - 0.73
Faandiduiflduundasdleniulnsiiedeuldlunuinmundusuu under stoichiometry
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60 ._—_”__./o
r —a—Cr
:\o‘ 50+ —o—N
3 B
£ 40+ .
=
’'d
= 30+
g
(=]
)
R
g 20+
<]
)
= 104
0 f - f . }
5 10 15

N, flow rate (scem)

] I3 = a s = st a oo & '
a @l 3 asdUsznoumaaiivesidauulasdoululasidandounionnivauialulasausige

3. dnwariuiiuazanuvenuinvediduundasidenlulase

At 4 Wunmdnsariuiivesdiduunslasdonlulasddandoudosnsluauralulnsiaulugae 5-15
sccm ANMSIATEREEmATA AFM vosiamiiduluiudl 1x1 pm’ Suansiuuy 20 was 30 Taeamainmeadn
AFM vasiiduunslasdlonlulasadundeumesaslauialulasiauviniu 5 scem wandlidunsuvesiiduiifidnvasdu
Lﬁmﬂammﬂlmglmsﬂfcjmssmaa&g’ﬁ"aﬂmﬁwaﬂém wazilesnslauialulasioudududu 10 scem wudiansuves
gy Guiinsvszanuinusulunsinuadionelngiu gahedesnsivaufdlulasauisiudu 15 scem insures
sy Svumdnasuarsudafuuiutunnty IﬂamqahuL'%'uﬁﬂwsﬂszmuﬁqswﬁ’muﬁgﬂﬁ'wLLuumaJm%"ﬂm%aﬁé’ﬂwmz
Juwuuiinfia feildunsusnadaduiiiesswinansy

[nm] [nm] [nm]

(@) N, = 5 sccm (b) N, = 10 sccm (©) N, = 15 sccm

a il 4 dnvasiiuivesiidguudlasdisnlulasagaedounsanivaufalulasaunieg
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dmsumnuneuinvesiiduunsfindeulddaansdemanuneruiaeds (R, wag AIAUNEIURD ms
Ry MNWATA AFM WUTAN R, waz A1 R, vesiidudiléddsundasiunmusnsinauialulasiau faansdunmi 5
TngAn R, uaz A1 R, vesfiduudlasdoylulasddundeuiednsinaufalulnsauminfu 5 scem fawifu 4.0 nm
Way 5.2 nm MUSITU wae dAananyiiiu 2.3 nm uaz 2.9 nm auau Weshslnawdalulasiawdiadu 15 scem

st —=—Ra
—e— Rrms

E 4t
=
L
=
B 3
g
= I
= 2L
o0
=
(=]
~

1+

0 { : : :

5 10 15

N, flow rate (sccm)

2d 5 A1PANUeIUR (R, Wag R, vesflanuidasdoululasadamdeufidnivauialulasiaunigeg

4. Taseainaganiauazaininulevasiauuelasdealulasa

il 6 wandlassagameauazniadarnaesiiduudasdenlulasidundouuuuiudtnoudel #8nelna
whalulasiaulugaa 5 - 15 scem anMsiaszidiemaila FE-SEM nan1s@nwnuiniduiindouldiidnvaslasais
qamafiadefunnieuly nandefiduiindeuldfidnuazlassaadutuuwiaiouananivihuesiansesiven
Juludsdmtmosiiduiiadould uasnuhivorisewiuiuvanZevendefidulsuuegintos Taslassaiiagania
veslduindulslumiddeiiisnvanduuneduuniulsmusnsivauialulaseuildlunssuiunsadou

ﬁu’qﬁmﬂmaﬂ’]iﬁﬂwﬂmaa%ﬁmammaaﬂéumﬂﬁwmaﬁﬂ FE-SEM WUMAMUEUN UG TenIemununilauiay
Saruadeudsimnamnmmumniidumssisnanadeu wanddinnd 7 lnsnansaneluniddondiuanddivi
fouuilfunisanadudnvasiioatuwentanumnilduuarsnsniadou Woshslvauialulasaufintuain 5 scem 1Hu
15 scem lngAnumunilduanasain 1705 nm tJu 1220 nm d@wsnsiadeuanasain 28.42 nm/min 10 20.33 nm/min
dewndlesasiautalulmsiulunssuiunsindouiivtuesiiidsturesasuseneululnsduneg widhasiedeu
AFeninAausingnsal “target poisoning” tunalidnsmsatamesiiansindovanas Fuilvozneulasidenain
haaadougnaiinmesesninsmiaiuiuiiduanasmusaninaufalulanaufifisdy

TMEC 5.0kV 12.4mm x20.0k SE(V) TMEC 5.0kV 12.8mm x20.0k SE(V) X TMEC 5.0kV 12.3mm x20.0k SE(V)

(@) N, = 5 sccm (b) N, = 10 sccm (c) N, = 15 sccm
A 6 lassasnsaniakazniadavinsvesiidgunndasdledlulasidunfoviidnnivaudalulasiausiig
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40 1800
I " —v— Deposition rate ]
Rl —a— Thickness T 1600
£ 30l - -+ 1400
g v \ | —_
g . +1200 £
) 25+ < ] 5
) '\ =+ 1000 %
s 201 v 1 £
£ T800 o
o 15 A1 E =
’g 1600
& M + 400
5T 1200
0 f . f : f 0
5 10 15

N flow rate (sccm)

amdl 7 anumnuaesnsuadeuvesiiduudasilonlulnsdduadeuiisanivaudalulasiauneg
5. anmveuuvasianulasfeululasd
ntlanmreuuvesiauulasdisululasdnlalunuided Fiarsananamyuduiavemenuivuiminves
fduafouvuwsuddneu lngsuneaunldinayududauanslafainini 8 nan1senwmuiniidudsaioumednilva
wialulasiuingu 5 uaz 10 scem Ayududadeiinsadaladianiidu 78.3° (1wl 8(a) uwaz 82.6° (AWl 8(b))
i v o A dvud Y g A O N T g aa ' v o v i o
navesmyududadenladuandiiauinidunsasnsadianmvevdnuwuulalasiian (Aryududatesnda 907)
V& NN AR 3w ' aa e = = Y & o '
wiulalasianndalid @anuvevunios) diunsaifiduuduaioumednnlvaufalulasiauguviiiu 15 scem wud
yududaadefianiiududu 90.8° (nwd 8(c) Tunsdluansliiiuinfladilasufiaudflalasindn (Auududauinnds 90°)
Fausufianuliveun) msd 3 Wunavesdrslvauidlulasauieninnueuiuasyududavesiidulasdloululasd

vy
o =

nafnuansane luanuddeduanslmdiuiniduuidesdlenlulassiwdsuladaninyeutiniwandisiussnld tageis

<

WulalesianuselalasindnAlavuiudnueiuinlasanumeuinvesildy Jsanuvenuinvesidufsziasundase

Tuivdnslnaufialulasauiiliindeu dwumnavaudnvueiuivioaruneiuiavediduld Aawisaniuauanin
gouiwasiiduueivenislidulalasidnviolalasindnila

(@) N, = 5 sccm (b) N, = 10 sccm (c) N, = 15 sccm

= PV o o a6 a st A o o '
NN 8 ﬂ’]i’mﬂ’ll‘!llﬁllNﬂﬂJEN‘WalI‘U’NIﬂiLlJEJlJIuIG]SWZNLﬂﬁE]‘U‘WE]G]i’l‘lﬂaLLﬂﬁ‘luImiL"\]UGI’N"]
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M13199 3 wavesdnlvauidlulasauionumeuiwavyuduiavediduunlasdioululnse

anslmanialulnsiau AIEURILREY (R, AUREIUAD rms (R,0) yué’ummaaa
(sccm) (nm) (nm) (996N)
5 4.0 5.2 78.3
10 3.0 3.8 82.6
15 2.3 2.9 90.8
anUsena

nasnmaiia XRD wansliiuinnawazanudundnvesiidufiiadeuldiinsdsundaslunudnsluauia
Tulmsiouethedany Tnodlednslvausalulnsauiildlunsdeviianfistunuinnulundnuassuandnvedidudily
fidnanas esaniflesnslwaufalulnsuiniussinliusunalulnsauluiesed sufiuunniy Tnsdrunisozidsi
UiRsfvesnomvedasiloufignadnnosoonninithaaedouresudaiuiuresasuszneululnsfuessnaesin
(binary nitride compound  layer) ANLARBUUURININYDIARTBITY vuzieatufasilulasiauuisdniinnniu g
Ufiseiulasnfleuiifmiwenthasiedeudnduturesesuszneululasiuney ffmiheeathasiedou dwalian
Us1ngn1sad “target poisoning” (Ruden et al, 2013; Purandare et al,, 2016) Falisnsnisadmmesithaisedeu
anas namAoesmeuvedlasdeuiivannihasiadovanas Sedsmalimleusvesesmeuansindoulutulasideuly
Insanasine nsdlivihldmnumnvedlduunasdoululaseiindeuldtmanasie naildtaonndosiumuduvesda
eAdiAsLULTnT9TRldianamNALLIeildl (Chekour et al, 2005) dwsulunsdifinnudundnanasiosns
Tnaufalulasiauiviuesungldinfduiiiuanndunasnainmsisl snsuadeusvihlfesneuasiadeu (asidouuas
Tulpsiaw) Jalesusmdesiusarulundnddaifiddemalnensanonsruiunisidoauudediondvoaunaina XRD
(Ghorannevis et al., 2016) uaﬂmﬂﬁmmﬁLLamﬁmequﬁmmlﬁmnsﬁaadaﬁ%awamﬁmmsﬁmmmﬁﬂ XRD §agannanany
F1uteyANINIZIU JCPDS Fetawtuduhiduiiedouldlunuideilduiiduundasdenlulasd
dmsuesdusznoumaniivesiisufiedeulsddinssisewmaia EDS wuUSinawedasdouwarlulnsiauly
ietiduiiandasundasiunusnsinavesialulasiuildlunssuiunsiedeu Tnsuunalulasiuluiiduiidnd ity
munsiiuvessnstinaveaiadlulasou Fwsehutuvsnalandenluiidudmuinivsinauanamseuiunsfiivves
Uiinalulpsiou shilufalulasaulunssuiunaedouashansa discharge) nidunaauvedulpsinudasyiufisen
ﬁuazmamaﬂﬂﬂﬁamﬁgﬂaﬂmLmaﬁaaﬂmmmﬂﬂﬂﬂﬁwLLé”JW@%MﬁaLfJu%uWém Fuudlofiusnslnavewdalulnsiouly
msLﬂﬁaﬂﬁmmﬁuﬁwﬁﬁ’mﬂumiLﬁmiaﬂwaﬂ,umiﬁ']Uﬁﬁ%awaalu‘lmLﬁmﬁ‘uiﬂ3LﬁsJafluﬂsUmuﬂ’mﬂé‘aﬂﬁumﬁuﬁ’m
(Wan et al., 2010; Zhang et al,, 2013; Shan et al., 2014) MsHaNRaNTIASIERMBIATlA EDS wuinuSunalasidionlu
Huflianasuuuidadudmseduiudinalulasouiiury Tnowliudoafetuansnsiadeuilndifsssuiuwes
ovnoulaadoniindeimiinesiansestu dufuilesninedovanassualnadonluiidutanasemuiy
Wiinsasunasdnesiuiveiduunsindoulddainseidomeada AFM Tnefionsanaindinnume Ui
R, and R,,) nuiaruneruiivesdiduiiniswisuulaminimifiianueviannnluduiiduifinnnumeuiates
WduSeunniv) Wesnslvautalulnsoudiuiu venandsmuimsiusnsilvautalulnsauddduvilaimiidy
fignwazuduiiv Wesmndlovsinandalulnsiaudfistunusnsilvaszdmwalinisindeuiivesozae (mobility) lu
nsTUILNsIAABUanal hlrnssmiafuretesnevasindevanteyasdsdmalidnusianinvedlduiinnuSounniy
(AameURNanas) tnansAnsadiinuidlesnsadoudsiesannsiiudnsluauia uenainvinlaumunildy
anawds foilinanivundn fufmihvesiiduiimusudsutugonndesiueiddoves (Ahmadipour et al, 2019)
luduwessasiedeuiiduudlasdionlulasaildluniddet fidunamnamumniiduitinanmada FE-SEM
M3Frem Fauiilianasegdnueraiaandadedelud fo (1) WRatuueg vewasUssneulasdenlulased
Athwesthansiadeu (target poisoning) 3evhdnsnisaliamesitharsindovanas dwmalverneulasidenanawing uay
2) Temalumswufuveseznenonsneu @dmnesuia) fuusalulnsau Fafiud unwsasilvaudalulnsiou edanalsd
avnaNvase1snouTivsdrutasiedeu Wieatmnesidiarsiadou) anas (Peng et al, 2016) agalshndnvaue
Tnssassvesiduilfidusuuneduunsomn Tunsdiaguldhdnaminaualulnsaulifnadelasiasne esiduils Ty

amuudgnaucuul BKIdNYIauSWNNIay 720



msUs:3ud3IMss:aua s1nnIasdzIms Ason 9 Us:910 w.A. 2566
“\)1u5€uﬂou‘Iuﬁ|u“iauns:dumsugﬁvqarhqnuaoquuu" sui 22 iwAy 2566

Tnssaauuunediuivesiduiiadouldiiaenndoaty Zone 2 vosuuusiassiassainewes Thronton eszyiilaseadis
WuU Zone 2 Sannsanulgiluluiidufiedosldannadaatinmess (Kusano, 2019)

Rl duiinsulneiiluinanmeeuthvesiiduunsda g arduiulasiadisuasanuveuitvesildnudiy
Tnglusuadeiinuiiiguudasdonlulaseiedevldidefiusnslnauialulasouiifisduain 5 scem 1y 15 scem
Hsuilgdaeunenuianasegradiulddnau Tnem R, anaswin 4.0 nm Ju 2.3 nm dauen R, anasn 5.2 nm Ju
2.9 nm vnuzfiruduiaedsiadesy Winduan 78.3° 1y 90.8° stanuansfnuiuanddiifuidgududands
yosilduusTideuldlunuAseiasunadumuamumenuin fsanunsauiuilasy (rnuveuia) 18laenisauay

Snalvaufalulnsiuildlunssuaumandeudnsonts uenanifiduundlasdeululasdimuaiindeuldlunuidetds
wansanmyauthiusnssiueenlilofinsanmnauduiavementhuuiiuiaiida Tvomndnlasagldhlunided
flsufiadousesasinaufdlulnsiaugs (15 scom) sfidanuneiviaduazasnsauansaudadesiunisimefnueniy
I§Afanidesniiduuduiaadogafianiiiiu 90.8° Fauansiiiduiiniesldandoulaninadevifanmldvoudh
(lelaslndn) Famnzdwivliiduiidonluniaedeuinvomifisnidnfiedesiuniansnvesmanafinfinudntug Uiy
wAnfud aeadostunuitenouniifiindevitveuifuidndefidulasdoululas dudmuirfanmlivoui
(lelnstndn) wwienu Ineflesududanindu 111.4° (Yang et al, 2011) Bnvimamsfnwwesifoiaenndesiu
nuieButeunthiffuandiiiuidnuasiuiuasmsmeuinvesiuedeuillfindouinaninalnenssioaninsouth
TnoniuAnTanfidauududasazuansanmeeuildfidosmnaumeuiterumussvesiuinTanasviliintagd
sziaa’jwf\i’wu’sumn%neimaimsmiaﬁiaﬁmué’mﬁauazamwmauﬁwmﬁuﬁ’; (Comakli, 2021) wenaniisfiawAdesnvans
Besiinenuimuduiarestan wdanfuinniudeanuneuivestagdaanas (Vajeed et al, 2015) Fsaenndos

WhnulaanuNan1sAnwIveIUITel

#5UNan1339Y

nuislannsnedouiidgundandenlulasdfiilesadiondn esdusznoumand lassadgania Snuasiui
wazAMNMEN Ui TuULKLEARouLa NSz analaddeTRduandnseualnmei el naufalulnsiaudisstu
iefnwaudianmveuiiiduunsiindeuld Tnenanisdnulunuddeiuandiifiuidaminauialulnsouildly
nsruumsedsuiiunumdryselasEdaran e uTduUeTideuld nasinnaiamsieuusdionduansld
iuhiiduunildfesamdnduwuunndn nseudundnwasauandnvesiiduiidanamudnalmaufalulasiou
Aty Tuduresesddszneumaaiionnaia EDS wuiwsnalulaseuluiefiduiindouldiidiutunusaslua
whalulnsiou Inevsmnalulasauiiiinduifdudeldlulasou () uaslasden (@) Mufisersuwdmosudniy
Tadenlulnsflunszuiunsideuainniu dmsuanumeruinnninade APM wuiiduldsnslvaufalulnsiougs (15
scem) Tguiindeulsroudnasoulneiien R, wazan R, S1UsEUIQ 2.3 nm 4z 2.9 nm AIuEIRu Wilsnsuadeuuay
AAmuesiduTiaaninAdia FE-SEM wmmmamammamﬂwaLLﬂaluImﬁLauwqusuul,ummmﬂmﬂswﬂgmsm “target
poisoning” WmL‘i’JwaamimaaU mmuamwawwaaﬂaﬂmL:uamiulmimWUNWawummwmumamamweuaum
Anindlduiiidnuariuinfideuseu filnavesniddeduandiifiui amwmaumLﬂaauLLUaﬂlﬂmmaﬂwmuwumu,au
AImeUResTlaNGisneenuuuasmunsliFesinlvaualulanaudadufeuliveinaedeuiidy

Jolauauuy

1. msfnwilduunavideduaieusiadufionafiannseuthuandsesnludmiuussgndldlunududy

2. asfnwnavesioulunisindousuitenaiinanelasaiendn dnvarituiwazauneuin Sedmalnonss
FoanmYpUL DI TAR

3. msAnwfulsrieauTisuresdiduundasidodlulasdiieafinadeannseuiin 1wy wanazlassadiawdn
Auvwildy tassasnsgania Wusu

4. msiinsmagounsldiuass Insthuiuidnuedeuiameiiduuidasdlonlulasdmudeulavesnudded

5. msiinshilduunsasdenlulasdmudoulsvesiddeilunaaeunisldnusssiutunuionandasiou
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Natural Reducing Agents Affected on Silk Coated Zeolite 4A Dyeing with Indigo
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AdnAey: dlelad A dulv a1s3fadainsssuni A

Abstract

This research studied the suitable quantity of white lime and red lime for producing indigo paste. The
effect of reducing agents from tamarind and banana in the preparation of indigo dye on color shade of silk dyed
was investigated. The morphology of uncoated and silk coated with zeolite 4A was characterized by using the
scanning electron microscopy (SEM) and their functional group identification was carried out using a fourier
transform infrared spectrophotometer (FT-IR). The properties of uncoated silk and silk coated with zeolite 4A and
indigo dyed as antibacterial, light fastness and washing fastness were also investigated. The results showed that
the uncoated silk had a smooth surface. Silk coated with zeolite dA reflected zeolite particles on the surface.
The uncoated silk and silk coated with zeolite 4A 1, 2, 3, 4 and 5 ¢ showed that the average light fastness was in
level of 4-5 (good to very good) and washing fastness slightly changed with increasing the number of washed
cycle to 10, 20 and 30 washed. Silk coated with zeolite 4A 4 ¢ and indigo dyed using banana as reducing agent
was the best condition. The light fastness and washing fastness was 5 (excellent). After 30 washed cycles, the
washing fastness was found to be of 4-5 (good to very good) and silk coated with zeolite 4A could inhibit

Staphylococcus aureus bacteria.

Keywords: Zeolite 4A, silk, natural reducing agent, indigo
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Auladingg
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2. NsMsENETTAZA1Y Cross-link agent 1,000 Ladans
wsunsadaddaduty 6% wiw Tuasasaneleieulaluswenma (NaH,PO,) Wty 4 % wiw Tnedsans
ToRoulalusonln 40 n3u azanslutindu 1,000 fadans Fansadrdda (CH,COOH,) 60 n3u W@nasluansazae
Teulanenlaluswonnn 940 nsu aulvansazarewdiu (Karimi et al., 2010)
3. mstedeurduluudieansazae Cross-link agent
widulmludhusiaannlessy w30 Wit udrdnlvvann msansazane crosslink agent Usunas 100
fiaddns wadludninesuuin 250 fiaddns wdindulnufiwseulsly sonicate fewdesdanslednluasavarewu 1
Flus wlUeufiguugfi 85 ssmeaiBea wiu 3 uid Mnduihlueuiigungi 180 esmueailya wu 2 widt Adus
(Karimi et al., 2010)
4. nmswmasurduluudie@lalad 4A
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gl 75 ssmiwailiea uiu 1 97l endulvadu Selvivane wdhluouigumgfi 100 ssrisaldea wiu 30 w7l e fix
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ans Lamﬁﬂﬂﬁwﬁﬁwﬁm'%sml’?maﬂ?iaﬂuﬁﬂl,ﬂa%ﬁﬁLﬁammag Tanasuliidniu udaiisld 72 Falus
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duffannienu 1wt wdguseliiasy 5 unit (Fondn 5 ade) sndulmudiuaintiden Senenane nseanidulvanu fis
1§ 12 wift whdweendsthazornauninirddla snduhlisdiuisiigumniives uiedadulniidomaialy
nnaesuduneusioly

7. mMnadgauaNURNenIen wvadul

naaeuduguineveduluudiliindou uaviadoudlelad 4A srendesqanssmididnaseunuudesnsia
(scanning electron microscopy, SEM) 3u JSM-6010 LVu3®n JEOL, USA ﬂqﬁ]ﬂwﬂﬁﬂwzﬁﬁﬂmﬁhjmﬁa‘u uazLAdoumed
Tolas aA dmewpSes fourier transform infrared spectrophotometer (FT-IR) Model 45321 spectrum 2000, Perkin Elemer
Company, USA shdulnundsdenluiamenuidudsieniosind (color meter) CIELAB wiiemnen L, a*, b* waw K/S Bve
Hunter-Lab §u Ultra Scan Vis  ndaudIAumsnuvasdnouas (light fastness) lnelileuriu gray scale muannsgy

amuudgnaucuul BKIdNYIauSWNNIay

W



(o)

<>

?, th
LR

msUs:3ud3IMss:aua s1nnIasdzIms Ason 9 Us:910 w.A. 2566

“OwsTeiFoluniliouns:quIASYgNIYaA1guIouBU” Suf 22 uAy 2566

ISO 105-B02: 1994 (E) wazAImNUAIMUYBdfan1sEnaslaeieuiu gray scale muuImnsgIu TISI 121, volume 3: 2009
method A (1) (40 °C, 30 minutes) nageuantAn1sduguTanuaATiS svpudulnuiindousedlolas 4A 1ne?s AATCC test
method 147-2004 neldiwewuniitse Escherichia coli way Staphylococcus aureus
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nsAnwUiINMeuI wagyuuasiiomnzaslunsvindensiu d pH vesiuddunsy wasidonsuiild
dleldyurrilunisiudensiu wudn Usnanuiiiin 610 % @ pH vesiuduas iy 13 uaze pH veuiens
wiru 11 3sdien pH INAIINSFANYULAS Lﬁ@lﬁﬁ’ﬂuuumﬁ’mﬁuﬂimﬁﬁh pH WU 9 waziilonsudilaiien pH WU 8
feusinayuiiangaunluniseienidonsiu fe 6 % (319l 1) Fadenndestuganua arlani (2561) 1earuimai
\donsalutuneunisagliyurn 20 nfudethasw 1 dns videifufiaztosaunesesundudthdu dgmilislunisden
Gulvudearsuuuiusafudmuandinlnliaiiaeuasata fenaidownondeasuiithndenteduiinasuin
Auly devindeudulmdsilidvesdulnliiashiausuar binmusiouas uonaniidulnududansedng arnde ms
yidlersuniuiuneuiiddyitdmanonunmuoaiensu Tnslanznmaiuinauadluifiennagnewdens i mnifu
YuadlulusFinanniiulvashlildidoasuiifdminun widmadoreinnduaraunmuresduagze 1amunuwes
dulelnsanzidulnuazaadieuasdliadiaue %nhmzmumiﬁuﬁammmmqﬁﬂzymwnﬁ'm wun Tustuneunis
muam Sdunadiuihladideuansilayuiosiuluuasidnmumiesyluharuirdmalilfideasuluuimuios
win iethifiensiulurendie ddonarlifiadule dldyuluiinamed thesuladuiihmamdes @) snldyuunn
duluidersuduamldlild donsuiifdoudoiouanden Sihduaela uandun Soafuduidernulenviae
As1E9 vonnismuiilunmsiiensu iegumgfindidasudeiululuasuazgnanie Iiaasueonineglutiasuls
wnfigalunanfinzauinty LLazLLﬂuﬁwﬁqmmﬁUﬂﬁLﬁm 12 alus (guédnwnsimungriusuidesnain
WILIIYAS FIAINANAUAT, 2555) ‘Mé’amﬂLLaﬂIUﬂimaaﬂﬁﬂLLé’a&'aaLauﬂuuﬂm’ﬂuﬂ;ﬂmmLLamauﬂ%mmwaﬁ?ﬁﬁwmsmu
ThAnrlesuazanaznou dwurn vidoyuunaduansvhugisewilfasmmes mnldyuadluluiinasnng shlwlside
AsuUinasnn usiforruasananandeuarlfdseu uasnaiundoudulmneyiliiduluing uaznsedng nsldyurn
fafe 20 Ans JemsUszanas 0.5-1 Alandu (Useand 92997136 waz3Ins1 ga3m, 2560) wiaUszuna 2-5 Wesidus

A1919% 1 A1 pH YosULTRuATINLazL AT

Fh pH
ﬂ?mmgu?:uﬁu (%) uun unuas
sy duns ions durdunsu iians
2 9 8 8 7
4 9 8 8 8
6 13 11 9 8
8 13 11 9 8
10 13 11 9 8
a5t 2 Sevaznandnldiionsu
ﬂ?mmgﬂ?:nﬁu (%) 3 imez . Yuuns
WBATIN (D3N) | JoBAzHaranla | 14BAIIN (N) Sesazuananla
2 100 0.5 40 0.2
4 90 0.45 90 0.45
6 2,000 10 700 3.5
8 2,600 13 1,000 5
10 3,300 16.5 1,900 9.5
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P37 2 uansSonenanasldions wut deliyurmifilumadiuasy srldidensuiinasnnnitlduuns
fayurnosay 10 Ihidersumniigamin 3,300 n¥u fevasnandnvonionsudarinty 16.5 waileliyuuns Sovay
10 #iilonsumiin 1,900 fevasnandnlfidonsuiiduwini 9.5 uansindodnurrilunsiideanulfideasuannnd
Winyuuas nsiinyuadluluySinamnng wlrlddensuusinannn widlevnntontensuuazinndeundulnuasyinli
Gilssnauaznsydne defuimanuivasanlumswioudensu fie 6 % wansnaeudugniine1venduluuds
néosqanssmididnasounuudednsin wuin dulvaiiliindeudae Flelad dA VinaivihveduluaeFeu daudu
Innfladousedlolad 4A agnuoyniavesdlelad dA nszatsednainaneuuimthvedulyy Feanunsduduing
oumeavestlelad dA ingiifiamtheeadulnuuasdoynauinsfiunntudofiuiunvesdlelad A Fanwd 1
sonndosfulaunsduiiumisesilsiduiiusngainmsiiasgishoinies FT-IR amil 2 Ganud1 Usinguaunisdudl
funida 3.278 e unaunisduves N-H stretching waunsauAisumUs 3,073 cm " iunaunisduves OH stretching
wauMsduTisums 1,646 cm”’ 1HulaUNEUYes OH bending uaUMSAUTMUYLY 1,059 cm (Hunaun1sdues Si-O-
Si bending (Hajer Aloulou et al., 2017) Faaunsseylainiizlelas A LsﬁﬁmLmzagjuuﬁuﬁwauﬁﬂw iesanuaung
duvemyieludviogiiuazieludniiond Seninidn red shift

Gulvudeunsalnelfidonzanniuarsitd wui dulniiadeudlolad aa 1 nfu (muaw) Terarudua
hidu (%) geanwindu -25.13 uasdulmnedoudlelad A 2 nfu feanuduiiGulosigauwindu 20,58 dulm
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Model for Detection of Cassava Tree

from Unmanned Aerial Vehicle Imagery Using Deep Learning

RN a ¥ o a 2 4 a 3
HUEUINU Naﬂi%lﬁﬁi UEUNK Epiiaﬂm WIYFATTI LUned
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Tuthigiulssmalnemdsszauiymannsssuiavedsamdlusiudiusvis SenoliAnnaidedeUsiunanan
uaznsdseaniumagramngs Inelsaszunamdluiidrdyuesiudzvds Iiun Tselulnl tseluaadtnma Tsalugalusl
Tsalugan Tsesjuuduaslsalumssiudwends dudu mnnsdmatoyaninausiludesiu fideldnemindsanuddny
TunsuAtymidanas Taeldiedesilelunisiiudeyanmaingunsaioinaeuliaudu  (UAV) saufunsinses
USHnaHaNTNEIBLUUT a8 IMIL3ousiEsEn (Deep Leaming) Tnsnuideiitnguszasdifofnynuudtaodunis
pydususiudUsndaanamanenisernireuliaudulaglinisBeusidan famnsathuldnsaduilessyiumses
susfudugndsluniadsildnouvhmsiiesgimlsalusumise siusfudends idedalsdnulduuudians YOLO v3 7
\Juluma Convolutional Neural Network (CNN) anldlusiunsiaduing (Object Detection) Tunmanseinisenulsaudu
nmsfnwilduandiiiuinlana YOLO v3 larnaginn1siseusvesuuudnasd training §7uau 100 50 (epoch) Haiile
Ao A1 MAP 80.3% 1 precision 76.2% wagn recall 72.7% agulaiwuudnaedlaina YOLO v3 anunsaiiuildngindu
susiudvgnaannamaeeiniaeuliaudule

AdnAey: oA uliauty duludilends NMsSeusidedn n1IRsIsy

Abstract

At present, Thailand is experiencing the problem of an epidemic of cassava leaf diseases. Which
negatively affects the output and exports in the industrial sector. The major epidemics of cassava are: cassava
bacterial blight, brown leaf spot, white spot, witches broom, and cassava mosaic diseases. From preliminary field
surveys, the researchers realized the importance of solving such problems by using a tool to collect image data
from Unmanned Aerial Vehicle (UAV) equipment combined with image processing analysis with deep learning
models. The purpose of this research is to study a model for detecting cassava trees from unmanned aerial
vehicle images using deep learning that can be used to detect and identify the location of the cassava tree in
the plot before analyzing the disease. The researcher has therefore studied the use of the YOLO v3 model, a
Convolutional Neural Network (CNN) model, used in object detection in unmanned aerial vehicle images. The
study result has shown that the YOLO v3 model with 100 epoch of training model is the mAP equal to 80.3%,
precision is equal to 76.2%, and recall is equal to 72.7%. It can be used to detect cassava trees in plants plot

from unmanned aerial vehicles images too.

Keywords: UAV, cassava tree, deep learning, detection
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2.2.3 TUsunsu Google Colab
2.2.4 Python 3
2.2.5 Keras
2.2.6 Tensorflow

Hardware Software

S il QGIS Piio
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45 Alanfy (rauumneds)

i python Temsorfion  Keras
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11990 GCP 1ﬁﬂ§auﬂquﬁuﬁmiﬁﬂmmummmm%’u %ﬂumiﬁﬂmﬁlﬁﬁﬂmquﬂ GCP 911U 7 90 Fawanslunnd 3
waza g 4

AT 4 uAneEUVLeNITIega GCP Tuiuiidnw

miﬁﬂmulﬂuummwwwuwﬁﬂmm‘ammﬁmuliﬂwumu VESPA HEX 650 (HG RObOtIC company, Thailand)
LLaumEmemsmaamamaLUﬂmm (Multispectral imaging camera) mummmmmammau TneUsznaudedisndu
mmym‘mm 5 929AAU (bands) Miud 923AuAuAT (Red) A7 (Green) fuisu (Blue) FremauduNLIalng (NIR) uay
F13pAUVOULAS (Red  Edge) fmunituiitusazinsusunistusuusaludAduweundiadu HGMC (HG  Robotics
HiveGround Mission Control) Tngfmunguuuuidunsnsdu Amuseugsdu 44 was lvimanuaziBonniweie
(Ground Sampling Distance: GSD) Winfiu 3 wwufiwns/ganm fuanuiin1sdu dmueanisdeuriviumii (Front
Overlap) Wiy 80% uaznsouiududng (Side Overlap) Wity 60% ndutoyanmarsvsermaszgniily
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32 MunssuyadeyadmIuiauRniulieg

dmsunismSendeyat ndulunaszinwduatureslasiudVendmnynsdauuaduoundn
iniuszthundeendud “Roboflow” Fudueiasiions computer vision developer framework Lilevinisimun
thede (Labeling) Tifususfuduznas Tnefinnsimundnuazveanmiusiudsndsilazyiinig labeling agdneriu 4
Fnwauz lun nmduiuiiidnuazddurundn amduiuiifidnuasdidurunais nmduiuiifidnuvasdidurunalg
wazisaudalay waznmduuiifidnuurddurualnguasinssmudnfunuiuy uwiyndeyanmildudesiuly
dwdumsiindu Jafesinsiiniinavesnwililunsiindusiemaia Data Augmentation Iagldsunuunisndudiu
(Flip: Horizontal, Vertical 90 84f1) JUuuN1913unIW (Rotation: Clockwise, Counter-Clockwise, Upside Down)
sULUUMTUaDAM (Blur: Up to 1.5px) JULUUMSIiNEYa asunauaIn (Noise: Up to 5% of pixels) kazn1sanuin
A (Resize: 416*416) tiolvnmvwainganiulinavesdaneiiu Yolovs duanslunmil 6 uazamil 7 9anduy
Fohmsudsyndeyaseniu 3 du ldun Train set = 80%, Test set = 10%, Validation = 10% Fauanslunmi 8

@~ EESES
B

4 size for labeling data

1. small tree

2. normal size

3. big tree and clear canopy large trees

4. and canopy overlapping

Data Augmentation

1. Flip: Horizontal, Vertical 90 degree

2. Rotation: Clockwise, Counter-Clockviss,
Upside Down

3. 8lus Upto 150x

4 Noise: Up to 5% of pixels

5. Resize: 416"316

AT 7 LanIae 19N NTANILN1SY Data Labeling

Labeling Amount
Cassava (y) 251

Maon-Data augmentation

k-fold cross validation , K=5

Train set Test set Validation set
(80%) (10%) (10%)
¥=200 Y=25 ¥=26
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Dataset (RGB)

UAV Images Data Collection
Al Maiaiaina e
i Multispectral images . Image preprocessing
i mm) Stacking Bands
il (R G, B, NIR, RedEdge)
| ]
|
|
|
|

Data preprocessing |
Cassava Crop (Labeling) prep s

|

Data Data Splitting Balancing
Augmentation =) | (Train Set/Test Set/Validation Set) | 4= Dataset

Train Model :

e

Cassava Tree
Detection Model: CTDM

I

Cassava Tree

AR 9 ANTIUATLVIUANTIIMKUATINY (Research Plan)

5. YUABUNISHAILILALN15USELIUNALINAN5IFUAULUEI1ULMAY (Cassava Tree Detection Model:
CTDM)

k-Fold Cross Validation

|
Yolo Architecture
Dataset
Backbone
- {Propose Model)
Train Fire Tunirng

1
i
1
1
1
1
[
1
i
1| Meck (PaMat +5FF)
i
1
1
L]
1
[
1
1
1

Data Preprocessing

I . i validation
validation-set M{-jd-El # Training
l Evaluation

Cassava Tree Detection Model Model Bvaluation
[(CADNM) Results

i
]

i

1

1

i

]

i

1

i
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i .

IF Model Parameter
1

i

]
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6. Mmyanzidaya
dmiumsiianendeyaluniseenuuunsnaassvedluinansiadudududivzmds (CTOM)  azlddaneiiu
YOLO v3 TnedslifinnsuFuusiarn Parameter dmsunisnsiadus ssviinisuusyadeyasenilu Train 80% uaz Test 20%
Filuyndoya Train azuiseanifuyatoya Validation 10% fnsfimunseunsviinudl Epoch = 100, Batch size = 32, LR
= 0.0001 , Optimizer = adam 19" Precision= 76.2% , Recall = 72.7% tay F1-Score = 80.3%

NaN13I98

nnmsienzideyanmanenmasuliauduielina YOLO v3 Tneidslsifinsusuusisdn parameter
AU INTIRTUAUTUdIULMaY WU wuuaeslama YOLO v3 anunsadisnldnsiadunuiudusudsanls oy
1giein /i1 mAP 1infiu 80.3% A precision WU 76.2% wawAn recall Wiy 72.7% Bayadeya train loss Wag validation
loss Tuafilngfesiu

Al 11 wansvesesiaLlunansadusulud s vddnelddanasiiy YOLO v3

aAUsena
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Tnosamiiedane3iiu YOLO v3 fiA1 mAP 1winiu 80.3% lnsaenndeaifusuddsves M. Kerkech, A. Haflane and R. Canals.
(2020) TngldinmaeTiouraenau RGB iiswethadsamiloutu Snvielunaluemiddeidslifinsdsudn parameter vodlnna
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AYTNYNTIUI G

#3UnNan1538
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Effect of Vaccination on Pneumonia Prevention Under Mathematical Model
Case Studies in Phuket
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Abstract
The objective of this research is to develop and analyze the stability Effect of vaccination on pneumonia
prevention under mathematical model Case studies in Phuket. Which analyzed the model using standard
analytical methods. Study the equilibrium point study the stability of the equilibrium point. Analytical Answers
By studying the vaccination rates in a mathematical model and finding numerical answers. The results showed
that the disease-free equilibrium and the disease-associated equilibrium were Local Asymptotically Stable
(Nonlinear infection rate by analyzing conditions performed Let the equilibrium point free of pathogens and the

equilibrium point infected stabilize locally directed) and the infection level was r,-— "N and the
(r+u)(0+n)(Q+n)

vaccination rates was a factor affecting the mathematical model. If a population at risk of infection has a large

number of vaccinations, this will reduce the spread of the disease.
Keywords: mathematical model, pneumonia, prevention vaccination
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Abstract
The purpose of this research was to develop and analyze the stability of mathematical model for
COVID-19 prevention through vaccination in Phuket. The model was analyzed using standard methods for study
the balance point, the stability of the equilibrium point, analytical solutions, study effect of vaccination on the
mathematical model and find a numerical solutions. The results showed that the equilibrium point without

disease and the equilibrium point with disease were local asymptotically stable and the level of infection was

R — VuNe and vaccination rate are factors affecting the mathematical model. If populations at
* (0+0)(s+o)(c+o+p)

high risk of infection are vaccinated in large numbers, the spread of the disease will decrease.
Keywords: mathematical model, COVID-19, vaccination

anuunveslam

wuuaesmsadamandivitnmailweansesuisanunsafluiineidusuunwiadamans Tasnsiudeu
anunsaiadslrieglusuvesiudsuazauns lnsazlianuddgiufuusiddny  wwudiaesiigadomneiiioasdu
sAUsENOUTIdER oA ainily mmmmmnaa‘ummQﬂﬁawaﬂﬂaiﬂﬂaimmam%ﬁﬂﬁgﬂﬁ%ﬂ%ﬂ;Mié’Lﬁ@%
psFeUhuUTeniuasTeuanunsallufinaimielal (wanden AN, 2556)

MnmsAnwiduvuidindamansuanslifuiaunumuazusslovivesiuuudadnmansiddutaglunis
uileingansaifisndanistuanlsadomelasassszansfidestonisinde fudelse sanwmuzilse LLazQﬁm%a
TnouvasteyalieglusUaunmmsadinenans iileedursdnuazvoimisszuinwansiiuvedlsalaegiidvlsisndudos
WAnwfuuyudlansdoaindunnesedinvesitounzdianldsn fadsisantulszanadmiunsiadummsns
nssnwavnistesiulsaniuanudenis Gyiu wazyns, 2546)

nssrunvasitielifalalau 2019 3o 1a3R-19 (Covid-19) IXBuduilovats® w.e. 2562 uazqnaniluvialan
aumvAnduardsHansENURAUNIN drulanATYEAavesszIng wazidleduifeunnsian w.a. 2563 finsszuin
Tngj (pandemic) adumsinderilanegremng: mussnmavesssdnizeundiolan detudl 11 funew wa. 2563 (3
AuAslsn NSENTIETITUGT, 25630) MnadRioTu 15 wwieu wa. 2563 Ussrnsialaniiifinide 1,982,939 Au uay

1 o = v e o a sV a a s 3 a o o
UnfAnwseauUiaees wingnsinermanstudin avedamansussand wnivendesvdggiin
2 a < < a s a 9 Y
avpdineaniUszend angivenmansuasmalulad uninedeswigguie
3 a < < a Y Y
AAGAAENT ALYATANEANS UNTINENSETIUAYLAR



msUs:3ud3IMss:aua s1nnIasdzIms Ason 9 Us:910 w.A. 2566
“\)1u5€uﬂou‘Iuﬁ|u“iauns:dumsugﬁvqarhqnuaoquuu" sui 22 iwAy 2566

me 126,761 A Tundiuiitaningiinauiiiaitelain-19 dalvajiusealndTegan vhianssusamiu dnanndillésy
dearlali vereenailivietanidosmudonui@winlidlafiolUld Wownensthesddndidestuliniassaun
IWEHQ]’QWQJJW]QLﬁ(ﬂ%Suﬁﬂ’liafrﬁﬂ%u{]mﬁuﬁgﬁuﬁiLﬁﬂiﬂﬁ]uﬁﬁﬁﬂ%gj wifsnsiusznsluimingindiunilsidunmuzvedlsn
wavannsounsdesioluldides 1 iewniasuiinisanieduilel wa 2564

Nnmiheudeldnssuinuasifiulsslonifildsunnidedomsaliunansenuvesdnsinisdniaiudmiunis
tdoathlsaledn-19 FsldFnwRertunisdainduiiieruqumsunsuinveslsaledn-19 Tudmiagiin Whduiadoddy
dwfumsfnuluiuuuidentinenans

qUszaAvalATINITIdY

1. Wievimuduuuidindamansdmiumugunisunissuinvedsaledo-19 lnonisiniady

2. Welnneiaiosnmvesuuuisedinmansdmiueuaunmunsssuiaveshia Tasnsdninduy
/Antun1sie

miﬂﬂmmduﬂsqu ifelddnymansdapdudmiuiuuudedamanivesnisdesiulialain-19 ludmin
Qfin BeiAEnside 3 duneudedl

1. manawduwuudsadinanans {iduldulasznnseandu 4 nau fe nauauiiAssdensinte nau A
ams??al,wihjuama’mﬁ nauauTiinTouante s wasnguauiiviainise ﬁ%%ﬂiﬁﬁmumﬁmﬂiﬁnﬁ S(t) Srurunuides
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3.2 msiaTeiatesnn Wunsmadnwaziang (Eigen Value) tiisaSuiginausaunisiigaiua
Asaunadnsun1snsIvdeuinly Local Asymptotically Stable & 2 nsdl ¢iail
32.1 Local Asymptotically Stable i 90 E,vesgnaunailiiilsa lngn1snsiadeumanvusianie

yosadouaying a anneitldilsn () Fazldaunisdnuvazianizain det(J, — ) =0 GR J, o anladewumsng q
W E, uaz | Ao wvidndiendnwal Inefidermuain 2 yadduaiasiduaudzasnadomuiouluves Routh-Hurwitz
Fsazdamalsion R, <1
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Routh-Hurwitz Fsazdanaliidn Ry > 1
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fllsa (Disease Free Equilibrium Point: E,) uazqaaugaiiiinnisunsszuinveslsa (Endemic Equilibrium Point: E, ) i
liszuvaunsidseuiuslidududy Local Asymptotically Stable diehAmsfmeslumuamenouidiuay
lngdnasauumiglusunsy MATLAB (afagn Avasau, 2559)

NaN1599%
d' s o/ a a d QI s = v d' s a
AU 1 NANISWAIUIALUULTIANAAIEASIINASHNAUSN5RA AT UNada i UNsSEUInvaslsAladn-19
PnfuUsTeuIdeliassun mran1siaiadudmsuiuuuiadamansvanisdesiulsalain-19

08

MN S vSI E sk [ ol R

i

oS ok ol BI oR

AR 1 BHUANANUEITUS AT BIRUTENBUNAURINSEN AT UE S UMLUUGIRdnmansvaInsiaeiulsalain-19

A md 1 awnsasddsuiunuudindamansifuszruvaunmadeyiusuuulidadu

ds

— =puN-vSl - @S-0S (1
dt
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— =¢E—ol—ol -l (3)
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— =ol+6S-0R (4)
dt
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91N Rate of change = Rate inflow-Rate outflow

Y dN dS dE dI dR
azla —
dt dt dt dt dt
= uN — VS|l — S — 0S + VS| — eE — oE + ¢E — ol — ol — Bl + ol + 6S— R

o & dN

AIUY E:uN—mS—mE—mI—BI—
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v dN
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dN
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uanean N 1Judasi e p=o
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ds dE dl dR
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R* cl +9uNco @)
VI +m+0
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lofnsafiosnmussszuy a Ynasmailiiilsn sxwuimdnvamameynadidmuaaduiay uazaonadosiu
fewlvwes Routh-hurwitz dealvidmeuazgiing E, =N,0,0,0 ﬁﬂﬁuqmauaaﬁlﬂﬁbﬂ E, 92t9u Local Asymptotically
(Fred Brauer, Pauline den Driessche and Jianhong Wu(Eds.)2008 )
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Goulaves Routh-hurwitz dealvirneulzgiing E, :(S*,E*, I*,R*) ﬁﬁﬁu%mauﬂaﬁﬁkﬂ E, 9z10u Local Asymptotically
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Development of Environmental Management Model the Elderly System Based on
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Abstract

The research of this study is to environmental inside and outside the house and Development of
Environmental Management Model by the Elderly System based on Integrated Participation of Families and
Communities in Maha Sarakham Province. A sampling of 380 elderly. The research tools used for collecting the
data were a sampling survey questionnaire of the elderly and occupants in targeted areas and an evaluation
form of environmental and residential management for the elderly. The data were analyzed by percentage and
average. The result found that the average age of the subjects was 69 years. The elderly mostly is women 75.26
and man 24.74 percentage. Nature living of elderly mostly is share with others 95.79 percentage have intendant
97.37 percentage and elderly live sole 4.21 and unattended 2.63 percentage. There are several ideas to
escalate the standard of the environment and safe residence for elderly, comment level of water for
consumption hygienic practice satisfied which ranked the highest (X = 4.555) followed by water for consume
hygienic practice satisfied which ranked the highest (X = 4.555), house area have enough light which ranked the
highest (X = 4.532) and question is Minimum reservoir level which ranked the moderate is communities have

equipment for exercise (X = 3.64) respectively.

Keywords: development of environmental management model, elderly, participation, integrated of families and

communities
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Abstract

The research of this objective was to study the effect of the third level cricket protein supplement: 50%,
80% and 100% of the total weight. In terms of physical, chemical, microbial and sensory quality, it was found
that adding 100% cricket protein would affect the hardness. The brightness (L *), red (a *) and yellow (B *)
decreased significantly with the increase of cricket protein supplement level. Fat and water content decreased,
fiber content increased significantly, and the proportion of crickets also increased. In addition, adding 80% cricket
protein is a quantity that still has good characteristics when added. it maintains the good qualities of the product
which reached the Community Product Standard (CPS 294/2547). and sensory preference is at a very popular
level. It will not affect the total amount of microorganisms, yeast and mold. The shelf life of cricket protein is
80%. In the sealed polypropylene package at 35 °C it was found that the humidity was constant throughout the
storage period. It corresponds to a constant hardness value during storage. When the technology was transferred
to the students of the Hilma Park Border Patrol Police School, the highest satisfaction was found (P < .05).

Keywords: Thai northern style sausage, protein supplement, cricket, shelf life, students of Hilmarpable border

patrol police academy
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Boiled Crickets Drying at Temperature 60° C Time 3-4 hr. Blend with a high-speed grinder
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A15199 2 HaNSIATITINAYbEDLESUIUSAUIIWSARIERISA 3 S¥AU 50% 80% way 100%

Color
Crushed crickets (%)
L* a* b*
50 33.89+0.11° 10.15+0.39° 37.57+0.16°
80 20.06+0.16b" 8.21+0.9" 30.10+0.96"
100 16.24+0.16" 5.29+0.11° 27.16+0.41°

a, b, c means from the same column with the different letters are significantly different at P < .05

mMyinileduialundsn e 3nn1snaaesinaniledutavealdonasulusiuainIanse aleiaseinuil oduea
(Texture Analyzer Model TAXT2) IngmsinAianuudeedld@@aninisuusseausnsidnimsn Seeay 50, 80 uag 100
TPt MTNAIUNANTINA WaAASLUAII9N 3 Fanudn Wdin1swUssesusns1d1udwsaunTu nlanauwdaiudy

v
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A15199 3 HansIAsIvItedunavedldoasulusAUIIVSARI8RINTA 3 SEAU 50% 80% Lay 100%

Texture analysis Crushed crickets (%)
(T5) 50 80 100
AT 154.13 + 19.72° 124.11 + 15.24° 116.81 + 18.59°

a, b, c means from the same row with the different letters are significantly different at P < .05

nan1siAsIzdguaneuzninail:  ldguasulusiundmiandnisuussnsidiudmsaiinty Iualv
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M19199 4 Han1TIATIBiAuaN v BATiradldouaSULUIAURMEAINIWEA 3 SEAU 50% 80% waz 100%

Moisture Protein Fat Ash Fiber
Crushed crickets (%)
(%) (%) (%) (%) (%)
50 79.7240.15° | 14.16+0.18" | 12.20+0.06" | 1.49+0.06" 0.10+0.32°
80 75.1620.12° | 15.87+0.27" | 11.75£0.09° | 2.25+0.06" 0.28+0.41°
100 70.2120.24° | 16.42+0.05° | 10.24+1.21° | 2.89+0.16 0.34+0.14°

a, b, c means from the same column with the different letters are significantly different at P < .05

ns means not significantly different at P < .05
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A15197 5 wansuseiiumaUseanduiavealdoasulusiudise 3 seeu

Crushed crickets (%) Appearance Color Odor Taste Overall preferences
50 7.53+1.35" | 7.03x0.99" | 7.77+0.37 7.47+-0.16° 7.17+1.25°
80 8.90+0.99° | 7.77+0.97™ | 8.48:0.24° | 8.80+0.92° 8.57+0.65"
100 7.00+0.83" | 7.93x0.89" | 7.90+0.29° 7.13+1.04° 7.030.89"

a, b, c means from the same column with the different letters are significantly different at P < .05

ns means not significantly different at P < .05

wansAnmaIgnIsiuine © nmsinwengniniuinuestdnsusldsaiulusiuaniode laeuse
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M50 6 HavBIRMANvAITINIEAEUAALLTIwesldEHlUsAuI S aTiseauSenay 80 Woszaziainisiiu
$nw 0-21 T

I3 a o
AULTAHINU)
0 7 14 21
80 124.11 + 15.24° 11674 + 11.32° 108.00+0.82° 101.60+0.52°

a-c means from the same row with the different letters are significantly different at P < .05

Crushed crickets (%)
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Storage time Microbiological property (CFU /g)
(day) Total Plate Count Yest and Mold

0 nd nd

7 nd nd

14 <10 <10

21 <10 <10

nd: not detected.
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Factors Affecting the Quality of Life of the Elderly
by the Integrated Participation of Family and Community at Maha Sarakham Province
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$1uru 216 Au Idannisdusogiedsine Tnsldaifinnud Sevar Aede drudonuunnsgiu Spearman  rank
correlation coefficient wag Pearson correlation coefficient Wan15398 wuin fgeery dlvaiiiszAugunInin
Taosu agluseiunuam@inuiunans (X = 87.88, SD.= 5.47) iefinrsanfusiesunuit fusiene (X = 23.44,
SD.= 222) egluszAuauam@Inuiunans dudnla (X= 21.62, S.D.= 2.00) egluszAuamun miinliunals su
Fuiusnmynadanu (X = 11.94, SD.= 1.99) eglusefuannm¥ing uassudswndon (X = 30.87, SD.= 3.24) agly
seuRuAMTIRiA nMsilesesimuduiusvesadesuay nui enudilenuduiusmeuintuaunm@invesigeengly
seiution egrdldudfynieadfiisydu .05 FreAduuszandanduius 0.25 (pvalue  <.001) na13fie AU
ANudUsiUAMA NIy NaTRTIEiANENTUSvRL e saY WU weRnssuslAnuduiusnIsuIniuaMA N
Finvesfgeorgluseiuosunn sgslifidodfyyaainfisedu .05 femdudssansanduius .05 (p = 0.389) nande
woAnssuldfianuduiusivamun niinvesgeiy

ANENALY: ANNNTIN {9878 NITYTAINITATOUATILA YUY

Abstract

The purpose of this research was to study behaviors and factors affecting the quality of life of the
elderly by the integrated participation of family and community at Maha Sarakham Province. The research was a
quantitative research using a questionnaire. The sample group consisted of 216 elderly people aged 60 years.
The statistic used were frequency, percentage, mean, standard deviation, Spearman rank correlation coefficient
and Pearson correlation coefficient. The results showed that most of the elderly had overall quality of life at the
moderate level (X = 87.88, S.D.= 5.47). When considered individually, it was found that the physical aspect (X =
23.44, S.D.= 2.22) was moderate quality of life. Mental aspect (X = 21.62, S.D.= 2.00) was moderate quality of life.
Social relations aspect (X = 11.94, S.D.= 1.99) was at the level of good quality of life. And environment aspect
(X =30.87, S.D.= 3.24) was at the level of good quality of life. Spearman's correlation analysis, it was found that
knowledge had a positive correlation with the quality of life of the elderly at a low level. There was a statistical
significance at the .05 level with a correlation coefficient of 0.25 (p-value <.001), that is, knowledge was related
to the quality of life of the elderly. Pearson's correlation analysis, it was found that behavior had a very low
level of positive correlation with the quality of life of the elderly. There was no statistical significance at the .05
level with a correlation coefficient of .05 (p = 0.389), that is, the behavior had no relationship with the quality of
life of the elderly.

Keywords: quality of life, the elderly, family and community integration
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1. ¢uUszrIns (Population) Ae rﬁ“‘lﬁmq 60 U FulU ¥29991 39 UM@1sAIN IUIU 70,067 AU (@inauana
F9TAMIEITAY, 2563)

2. nausegs (Sample) frounuuaouniiondiosns uuuulsdndaumunsusaniiui 1ufgeeny 60 Tiu
1 1w 216 au lngldgns vea Krejcie and Morgan (Krejcie, R. V. & Morgan, D. W., 1970) uazdusieeeae1ed1e

3. suaieadlefililun1side fe adrsuvuasuanslaglivguiannse uiuwaAng q Felsifideivg S 3
vy AsedeuANLgniekazasauAguiion wiihlumeiaraniissnsdasnismandvl anuasnados I0C fialais
N1 0.50 - 1.00 (yaywsl A3azonn, 2556) Aal LesiuduUszAvduean (Cronbach, L. J., 1990) Winfu 0.96 WuvABUAM
ey 4 dw Ao dwdl 1 deyavialy S1uau 14 9o dwdl 2 ngfnssuaunmvesigeeny Sau 8 1e, dwdl 3 Ay
duil 4 maialan, dawil 5 aun e Iiiietedaqunmdinvesesdnmseundelanynge atfuntulng (WHOQOL-
BREF-THAI) anldilunuvasununmunm@invefgeigsiuim 26 4o

NAN15338
duil 1 dayanaly

M19199 1 uansduiusesarvanguiiegiutoyanill (n = 216)

Foyaild I | Soway

1.t

68 80 37.00

Y9 136 63.00
2. 978 ()

60 - 69 83 38.42

70- 79 70 32.41

80 - 89 59 27.31

90 AUy 4 1.86
3. SEAUNITANT

Usvaudne wesni 191 88.40

senAnYINOUAU 7 3.20

senAnwInaulas / Ui, 9 4.20

aulse) / Uaa. 4 1.90

YTy es 5 2.30
4. 917N

bAYRNINT 89 41.20

Sudeiily 27 12.50

AUY/g3NTE UM 10 4.60

FUsIMs / 3gleming 4 1.90

agthulilaendn/ hautu 86 39.80
5. wiaafinwesseld (meulduinnin 1 o) [UsznavenTnvesnuied]

Tafley 143 66.20

1o 73 33.80
7. AEun

NNG 216 100.0
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A15197 1 (si)

Foyaild I | Toway
8. ADUNNALTH
lan 14 6.50
pgiuRausa 141 65.30
wunfiueg 3 1.40
e 52 24.10
181519 6 2.80
9. IUWIUYAT
Laidl 17 7.90
il 199 92.10
10. dnwaugN5INe Ay
DYAINY 16 7.40
ogj9 ULy 200 92.60
11. ogauAuidu Snnueilutuiau Wulasths
1-3pau 145 67.10
4-6nau 55 25.50
7-9AuU 16 7.40
11.1 ymsany/ane ey
Laidd 119 55.10
1 68 31.50
2 26 12.00
3 3 1.40
11.2 gnwe/gnagls Anu
Laidd 176 81.50
1 35 16.20
2 4 1.90
4 1 0.50
11.3 vauiay
Laidd 135 62.50
1 41 19.00
2 31 14.40
3 8 3.70
4 1 5
11.4 agsiuiurausavsol
aiogsau 75 34.7
9837 141 65.3
11.5 ogsmiugdu Winszy
Laidd 211 97.7
1 3 14
2 2 9
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A15197 1 (si)

Foyaild I | Toway

12. @orunwlutnu

10U 141 65.3

Ko 75 34.7
13. Haua

Taigl 10 4.6

il 206 95.4
14, fuiififasongldiaauniian

Viosuou 8 3.7

osilaau 39 18.1

NG 1 0.5

UDNYIY 137 63.4

Tuau 10 4.6

NIzADU 15 6.9

v 4 1.9

Tasulsl 2 0.9

95197 1 wudngusegednlugilumends Aadudesas 63.00 01gegszning 60 - 69 U Anluiosas
38.42 nsfnwegluszauuszaudny Andufosas 88.40 o1dndeinumsns Anlufesas 41.20 dnwaznsinenduey
Twiugdu Anduiesas 92.60

duil 2 woRnIIUFUANVDIKEIR1Y

M990 2 LAAIIIUILITRYALVINGUAIDYNAUNGFNTTUAVN NV (n = 216)

WOANTTUAVNINVDIEGRY P | Seway
1. Unfvinusenmasnielaeiteyls
laipenidanie 40 18.50
20NANAINTY 176 81.50
(mauldunnnin 1 Aeev)
1.1 99089 [1AU] 146 67.60
1.2 99nnas [Bamdun] 68 31.50
1.3 99NM189 [LNILVU] 52 24.10
1.4 panfds [Winy/mfin/ueiulens] 1 0.50
1.5 panrinds [ldwesthyeydl] 1 0.50
1.5 99nn1a4 [87198a] 1 0.50
1.6 88nA8T [AN519A1904] 0 0
1.7 sends (4] 10 4.60
1.8 panrds [Hudnsenu] 18 8.30
2. vihuduussyudnSuasiving
laisuusenu 1 0.50
TaitAu 20 @1 108 50.00
21-40 A1 101 46.80
11NN 40 FN 6 2.80
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A15197 2 (si)

WOANITUAVNINVDILGIRY i | Sewas

3. iU seiluneuuounsolyl

laiuUse mnglufifuwivge 40 18.50

wuseituneuueutng laduwdsetng Wuuneiu 55 25.50

wUseilunouueuyniu 121 56.00
4. viuguys ssesduvielal

Lyivpegu 188 87.00

LAEFULALENUAT 7 3.20

daguaunalagiu 21 9.70
5. Jagduriumnedeshuusanesoduisl

laifiy 168 77.80

AuernzwmantavioTuiiey 36 16.70

fuduused 12 5.60
6. T 1 FUamiiiruan inuueundulasdmlngAuasAtalug

Younin 5 Filue/Au 16 7.40

5 - 6 dluy/fAu 81 37.50

7 - 8 Faluy/fu 119 55.10
7. vupaiognen 8 uwi/u Uosudlwiluniedunnd

1-3 Ju Tundladunv 2 0.90

4-6 $u Tunilsduann 78 36.10

7 %u TuniledUnv 136 63.00

8. Wevhuflon1siiule viuanunsaguanuetld 1w anunsefueaniyusesitiilene
AuLe tazisldftuannsalunuunmdfilsmenuia wie swan. 19

shldmnass 112 | 5190
launanss 93 43.10
Mlilaiay 11 5.10

NNINTIN 2 Ui ngusegsdulvgeenidanie esas 81. 50 dulvigjeentings [Au] 9iuau 146 Au Sosas
67.60 SuUsEmuAnTuag 20 A1 311 108 Faway 50.00 wuseiufeuuaunnIU 31U 121 AU Sogar 56.00 dulvgy
Liineguyws 91w 188 Au Seuay 87.00 diulvgflinuinsesnuueanssed 41w 168 au Sosay 77.80

dauil 3 Anuilunisquaguninvesigeany

M19199 3 wansuiuegarvanguiiegnuaNNITINluNTUAGUINYRNEEeY(N = 216)

ANusTlunsauaguaIMYedgIeny | Sosaw
AUSTEAUEY (>80 %) 44 20.37
ANUTTEAUUIUNA1N  (60-79 %) 125 57.87
sz (<60 %) 47 21.76

NAIA 3 WU seAuaNiTIN Tunsauuavn ey egluszAuliunans (60-79 %) Ui 125 Ay
\usesay 57.87
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M19199 4 Lansuiuegarvenguiieg 1w uaNITIemulunsalagunMYeIgIee(n = 216)

A3 UlUNTUAAUN NI GIe Y 9wy | Teuay

FUNITUIINAD IS

seauUIunaNs (Aziuy 10 — 20) 78 36.11

SEAUEY  (Azluu 21 - 30) 138 63.89
AUNTIARAGVNINLAENITOBNMIRINTY

seAulIUNaTa (AzKUY 10 - 20) 104 48.15

SEAUEY  (Azluu 21 - 30) 112 51.85
FUNITLYY

seAuUIUNaTa (AzKUY 10 - 20) 89 41.21

SEAUEY  (AzWuu 21 - 30) 127 58.79

AT 4 WU seRuANNITIEaU lunisguagunimuedgeny drunisusianemisedluseaug (Axiuu
21 - 30) 31u7u 138 Fovar 63.89 AUNITQLAGUAINLAENITEENMAINTY agluseAuad (Axiuy 21 - 30) 31U 112
Jovay 51.85 sunnslien egluszaugs (Avuuu 21 - 30) S1udu 127 fovay 58.79

daui 4 naiinlsnvesrgeeny

M99 5 LARIUILITRYATUDINGUIIRE1NUNMTLARALIAYBINEIR 1 VRE0E (n = 216)

nsiinlsAveEieny i | Sewaw
4.1 MUMIUATAY VNN
1. guamesviulaeialy
Lyifiag 6 2.8
waldld 46 21.3
2 65 30.1
AN 66 30.6
Ao 33 15.3
2. guamvesynudusgndlsidlefisfulfiud
ugninDiudnnn 13 6.0
ugnindiudaudnion 57 26.4
woe fulfiuda 107 49.5
FunihUiududntos 32 14.8
Funindfiudaann 7 3.2
3. guanmvesinuilelFouiisuduggsenglutoifioriu
ugninflouguiiontu 28 13.0
winuiilousuiendu 95 44.0
Anduiteusuidieaiu 93 43.1
4. Pwunigeegaungudngnin (ADL)
naufndaA 149 69.0
nauAnU 65 30.1
NAUAALAYS 2 9

AN 5 WU MunsguainuauaIm 1) guainlaeialufinnn 91uiu 66 au Tesay 30.6 2) guamiiie
Wisunulnuad 91uau 107 au Seuas 49.5 3) guamilaiSeuiisuiudasengludodeniu 91w 95 Ay Seuay 44.0
4) wungaeegmungudnenIn (ADL) suau 149 eu Seeay 69.0
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dauil 4 AunwTInggeeng (WHOQOL- BREF - THAI)

M19199 6 WARITIUIUTDLALURINGUMIDENAMNINATINAG®Y (n = 216)

AN NI X S.D. ulana
FIUINNY 23.44 2.22 ANAMTINNGN
A1 21.62 22.00 AMANTIANAN 9
PUAUNUSA NN NEIAL 11.94 1.99 AN NTIRA
shudawanden 30.87 3.24 ANAMTINTIA
ANAMTINlAYTIY 87.88 5.47 AMANTIANAN 9

GRRRE]
Y q

daunt 5 Uadeiidanadionuniniin
14 Parametric Uag nonparametric L nudoyanisnszatsvesdayalil

a

nmsiaszivlade dnsldaiang
ns¥tewuuUnd uasiin1sdnngueulsivi (category)

v
AW
u
p

v

M19199 7 uansiuiuiesazvenduiiegsladeidwadionun mdinggeeny (n = 216)

Frus U Jo8aY
AN
a9 (>80 %) a4 20.37
J1unang (60-79 %) 125 57.87
W (<60 %) a7 2176
NEANTIH
un (>18 AzLuw) 66 30.56
J1unang (14-18 Agluw) 131 60.65
oy (<14 AzLU) 19 8.80
AMNINT TN
A (>96 AzLUL) 97 44.91
J1unang (61-95 AgLLUL) 106 49.07
W (<61 AZKU) 13 6.02
137971 8 AndidszAnsavduiusszrinnnug woAnssuiuaunTInvesaeny (n = 216)
o Bivariate normality QOL
AU
D-H p-value R 95% Cl of R p-value
Ay 14.21 0.006 0.25" 0.12 to 0.37 <0.001
wAnTTY 8.32 0.080 0.05" -0.07 t0 0.19 0.389

© ) . ®) : )
Spearman rank correlation coefficient, " Pearson correlation coefficient

HadATIzvANFuTusvesale suuy wud Anuiianuduiusnisuindugunniinvesigongluseduioy
ostiddnynsediafisedu 05 deaduyssansanduius 0.25 (p-value <0.001) nanfe AMuFTANdLRUSHY
AMANTINVDIEEI0

HaAIzvANdNTuSeATiuTdY nuT1 weRnssulAuduiussuIniuAMn MTInvedaengluseiutioy
ann egslaifitddymeadaiisedu .05 femduussananduius 0.05 (p = 0.389) nanie ngAnssulifaudusiug
fuAMANTINVEINEeY
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gnvanunFeaulunsouaiiilazassuiinuaginsanlugedieiimsesduegnls ilesnileyeraiingTgeengudadons
ﬁamﬁhaﬁ’uqmmwamﬁa Tymmamudnlanud maseus ?a?ﬁmmwéwﬁ%ﬁmiwﬁau wdadlulumadensiadu
mswasuulasmasiueme fasengiduioiistsneiinsiasuuadlugivemisidenassmnniinisaiyduls ey

nnvsetieeaviviensn Jusgiudedenansusens wu Wugnssu annwinden wazlnwuInsveIwsazynaa

AnAnTIuUIENA
iIdveveunsEAMNawudLaSIINgImans Ieuazuinnssy (neaw)  Neanyun1syAanssuduasuuas

atuayunsiamInemans Weuaruinnssy (1) WivumIngrdesadgumansaiy wazanTuidowazinm,
WM TAQUMENSANINEaTUAYUYUNTIEATAH
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