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Abstract

In electromagnetics, a rotating magnetic field in three-phase electrical machines is one of the most
complicated topics to describe to the students in our class to understand the process of the stator of an
electrical machine generates the rotating magnetic field. These problems focus on transforming these fields
into phasors using mathematical ways. However, the mathematical proof is quite complex to conceive and
difficult to image the space phasors rotation. In this research, a vector analysis is recommended to solve
these problems and applied to study the rotating magnetic field in electrical engineering, which takes the
mathematical approach to a Scilab simulation. To demonstrate the methodology, examples of application
vector analysis for rotating magnetic field using Scilab under various values of the magnetic fluxes are

presented. The results show that the students can comprehend the principles of rotating magnetic field.

Keywords: Electromagnetics, Magnetic field, Vector analysis, Scilab

Introduction

Electrical Machinery as a device can use almost everywhere, whether at home or a hospital and in the
general industry, such as lathes, electric cars, etc. The principle of electrical machinery is caused by the
interaction between the magnetic field at the copper windings in the stator (Stator) and the magnetic field
in the copper windings in the rotor (Rotor), causing the attraction and repulsion of both magnetic fields.
And then use the energy obtained from that rotation. In electromagnetic theory, the interaction of a
conductor with a rotating magnetic field is an essential topic. It is also frequently encountered in various

applications in a variety of branches, such as electric generators, induction regulators, and induction motors
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(Kraftmakher, 2001). To gain further insight into the procedure of such systems, the instructor begins by
explaining the relationship between steps and processes as clearly as possible because students are thus
far introduced to flux plots and the motion of magnetic fields.

Vector analysis plays an important role in explaining the direction of magnetic flux around the
conductor. The vector filed is particularly identified by the behavior of its components when the coordinate
axes are rotated. Mathematics and Statistics have proven to be very efficient in presenting complicated
phenomena and allowing for easy visualization and manipulation. Since its inception, the concept of vector
has been extensively covered in numerous textbooks (Thidé, 2004; Guru and Hiziroglu, 2009), and its analysis
has been widely used in Electromagnetics, Electromagnetic fields and Electromagnetic Waves subjects.

Numerous research studies have investigated the electromagnetic processes using vector analysis (Guru
and Hiziroglu, 2009; Khokhlov et al., 2016; Kovivchak, 2017). However, there are always rotational questions
of the interaction between the magnetic fields of movement magnet. Nowadays, vector analysis is one of
the most popular topics in mathematics and commonly used to explain the movement of a rotating
magnetic field. To illustrate this procedure, it can be difficult for students and is not enough to learn this
lesson. This is because it is not clear image of rotation. Finding a suitable approach, these problems can be
explained by vector analysis combine with the tool for calculation which is Scilab. In this article, vector
analysis is applied to study the rotating magnetic field in electrical engineering which takes the mathematical
approach to a Scilab simulation. In this article, vector analysis was used to investigate the rotating magnetic
field in electrical engineering using a mathematical approach and a Scilab simulation. The paper is organized
as follows: a brief physical description of the stator of three phase induction machines and the explanation
of a complementary tool for analysis and simulation are given in section 2. The examples of application

vector analysis using Scilab are calculated in section 3. Lastly, the conclusion is presented in section 4.

Materials and Methods

Rotating magnetic field

Throughout this section, we first introduce a basic physical description of three phase induction
machines' stators. Three phase induction motors have symmetric three phase stator windings that are
displaced in time from each other with an angle at 120° in each space (Frede, 2018). In this study, the
sequence a’b’c’ is denoted as the magnetic axis of three-coils. Therefore, the three-phase machine consists
of 3 coils as follows:

a-a b-b’ c-cC

We can demonstrate three coils displayed in space around a primitive three-phase machine's stator as in

figure 1.
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Magnetic axis
coil c-c’ a

Magnetic axis
coil a-a’

Magnetic axis
coil b-b’

Figure 1 Illustration of Magnetic axis of 3-coils.

We can see that each coil's magnetic axis is perpendicular to its corresponding plane. The three coils
placed in the space around the stator are shown in figure 1. A magnetic field is generated when a three-
phase winding is energized by a three-phase supply. Besides that, the resultant component will rotate in
space around the electric machine's air gap. As a result, it is referred to as a rotating field. Additionally, each
winding's conductor is distributed in the pattern of a sinusoidal wave as shown in figure 2. Hence, when
current flows into the three-phase windings, it produces the sinusoidal waveform’s magneto motive force

(MMF).

135° 1

45° 90°

Figure 2 Illustration of a sinusoidal waveform.
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Mathematical analysis of rotating magnetic field

In a balanced system, the mathematical equations for the instantaneous values of the three fluxes

M, ,M, and M, can be written as functions of time as follows:

M, = M, sinwt (1)
M, = M,,sin (wt — 120) @)
M, = M,,sin (wt + 120) (3)

where M, is the magnitude of each flux (or amplitude of the flux), t is time, and w is an angular velocity.
In addition, the instantaneous fluxes M, , M,, and M, can be represented as the fluxes wave in the space

corresponding green, red and purple phase winding, respectively in the following:

Figure 3 Illustration of three phases voltage sinusoidal waveform.

Next, we consider the magnitude of the resultant flux by using the phasor diagram of the three

fluxes as shown in figure 4.

M, M,
______________ > M, M,
M, M,

Figure 4 Illustration of the phasor diagram of the three fluxes.
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In figure 4, we will obtain the magnitude of the resultant flux by considering phasor sum of horizontal

and vertical components flux. Firstly, we can calculate the resulting horizontal flux component in the

following equations:
My = M, — M,cos 60°-M,cos 60°

= M, — (M,, + M,)cos 60°
1
=M, — (M, +MZ)§

To substitute the equations (1)-(3) into the above equation, My can be computed as:
My = M,,sin (wt) — % [M,,,sin (wt — 120) + M, sin (wt + 120)]
= Mysin (0t) — 2 [Mp(sin (wt — 120) + sin (t + 120))]
. My, . . . .
= M, sin (wt) — - [ sin (wt)cos (120) — cos(wt)sin (120) + sin (wt)cos (120) + cos(wt)sin (120)]
. My,
= M,,sin (wt) — - [ 2sin (wt)cos (120)]
= M,,sin (wt) — MT’” [ 2sin(wt) (— %)]
3 .
=S My, sin (wt).
As same as the procedure above, we can prove that
M, = szcos (wb). (5)

Consequently, from the equations (4)-(5), the resultant flux is denoted by considering the magnitude

of vector in the following equation:

Mg =+ (Mp)?* + (My)?

2

= \/(; M, sin (wt) )2 + (; My, cos (‘Ut))

3
= = M,/ Gin (@0) Y7 + (co5 (@0)?
_ % M, (6)

We can see that the resultant of these fluxes at instant My is equal to% times of the magnitude of

each flux ( M,,) per phase.
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My

Figure 5 The horizontal (M) and vertical (M,,) components of the flux.

The horizontal and vertical components of the flux are obtained and presented in figure 5. It was

observed that the relation of the two components can be expressed as follows:

tan(@) = v _3 0/ > M, sin (wt
an()—M—H—E mcos((u)/2 mSin (wt)

_ cos (wt)
~ sin (wt)

= cot(wt)
= tan(90° — wt)

Therefore, we obtain 8 which is equal to 90° — wt . Obviously, it is the function of time. On the

other hand, equations (1) - (3) can be rewritten as a polar form:

M, = M,,sin wt[cos(0) + isin(0)], ()
M,, = M, sin (wt — 120)[cos(—120) + i sin(—120)], 8
M, = M,,;sin (wt + 120)[cos(120) + i sin(120)], 9

respectively. Consequently, we obtain the resultant magnetic flux density by adding the vectors from
equations (7)-(9) as follows:

M, =M, +M,+M, . (10)
Where M, is the resultant magnetic flux density.
From the previous equations, we can give an example by letting wt = 0, then we obtain ﬁr’ as

ﬁr’ = M,, sin wt[cos 0 + i sin(0)] + M,, sin(wt — 120) [cos(—120) + i sin(—120)]
+M,, sin(wt + 120) [cos(120) + i sin(120)]
= M,, sin 0 [cos(0) + i sin(0)] + M,, sin(—120) [cos(—120) + i sin(—120)]
+M,,sin (120)[cos(120) + i sin(120)]
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=0+t (<) [2 ¢ (<) |t (9) [5+4(2)]
[ D)3+ 0(=2)]+ (9) [2+¢ ()]

W2[E+ @)+ [+ (D]

i Z[i(2)+1 () |

= My (D)

= Mm; [cos(90) + isin(90)].

In this example, we obtain a resultant magnetic flux equal to %ej("“)o at wt = 0. Therefore, a polar
form of complex number e/ is defined as  M,,[cos(90) + i sin(90)]. The resultant vector and the

vector addition at zero degree are shown in figure 6.

My Mz
Magnetic axis
coil c-c’

Magnetic axis
coil b-b’ Mr

Resultant Magnetic
Figure 6 Illustration of the resultant vector and the vector addition at wt = 0°.
Next example if we replace wt with 30, we can show that

M, = My~ [cos(60) + isin(60)].

Using the same procedure, we also observe that the resultant magnetic flux is equal to %ej(ﬁo)o at
wt = 30. A polar form of complex number e/69" is defined as M,,[cos(60) + isin(60)]. The resultant

vector and the vector addition at 30 degrees are illustrated in figure 7.
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Mx Magnetic axis
coil a-a’

My Resultant Magnetic

Magnetic axis

coil b-b’

Magnetic axis

coil c-c’
Figure 7 Illustration of the resultant vector and the vector addition at wt = 30°.

Next example, we use wt = 60, E is:

—

3
M, = Mmz [cos(30) + isin(30)].

In the following results, the resultant magnetic flux is equal to %ef(”)o at wt = 60. Here, a polar of
complex number e/G%’ is defined as M,,[cos(30) + i sin(30)]. The figure also reveals that the resultant

vector and the vector addition are at 60 degrees.

bl

-»MX Magnetic axis

coil a-a’
Q
b

/ Mr

Mz
Magnetic axis
coil c-c’

Figure 8 Illustration of the resultant vector and the vector addition at wt = 60°.

In addition, if wt is converted into 90, then the resultant magnetic flux density ﬁ; is expressed as:
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M; = My> [1+i(0)].

As shown in the above examples, the resultant magnetic flux is equal to%ej(o)o at wt = 90. Here, a
polar form of complex number e/ is defined as M,,[cos(0) + isin(0)]. The following figure indicates

the resultant vector and the vector addition at 90 degrees.

Resultant Magnetic

Mx Mr

Mz

Figure 9 Illustration of the resultant vector and the vector addition at wt = 90° .

Results and Discussion

Scilab Simulation
Scilab is a freeware tool for explaining the vector rotation in electric magnetic fields topic, which is
used in most mathematics and engineering teaching software. In this section, we will briefly introduce the

basic code for running Scilab to perform the calculations of M, at different degrees of wt. The details are

as follows:

j = sqrt(-1)

pi = 3.14159

Mx = sin(pi/2)*(cos(0) + j*sin(0))
My

Il

sin(pi/2 + 2*pi/3)*(cos(-2*pi/3)+ j*sin(-2*pi/3))
Mz = sin(pi/2 - 2*pi/3)*(cos(2*pi/3)+ j*sin(2*pi/3))
Mr = Mx + My + Mz

Figure 10 Illustration of the code of Scilab to calculate the value of M, ,M,,,M,, and M,. Here Omega is

time multiply by angular velocity.
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From the above expression, we obtain the plots of M, ,M,,,M,, and M, as shown in figure 11.

for iii=1:101
k(1)=Mxd(iii)
k(Z)=My(iii)
K(3)=Mzliil)
K()=Mriii) . =
xx=real(k) vs ] ) . :: = X
yy=imas(k) R ) 2 .
theta = [0:0.02:2%%pi]; 1—: ) ' ‘ %0
rho = 7; %3 :’/ ; ZZ | : "\
polarplot(theta,rho) 0 4eof jo
plot([0 (1[0 yy( 1), b, LineWidith',a); 0sd | /
plot([0 xod2)L10 yy(2] 7, Line\Wicth',a); 1\ ,
plot([0 03[0 yy(3), g, LineWidth'a);
plot(10 s @0 yy(@)l, ', LineWicith',a); ~ -
aline=get("current axes") 7 ' ' ' . L:;'OJ ] ' I [
delete(aline. ); - e ! 0s 008 ! e N
end

Scilab Code Out put

Figure 11 Illustration of the plot of M, ,M,,,M,, and M,. Here blue, red, green, and yellow lines
represent M, ,M,,,M,, and M,, respectively.

Next, we will give an example of output of the vector rotation in electric magnetic fields at various

angles of wt.
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Problem 1: Case wt =0°

j = sart(-1)
pi=3.14 2]
Mx = sin(0)(cos(0) + j*sin(0)) : i
My = sin(0 + 2%pi/3)*(cos(-2*pi/3)+ j*sin(-2"pi/3)) 50/ g 2 "
Mz = sin(0 - 2*pi/3)*(cos(2*pi/3)+ j*sin(2*pi/3)) 1/
Mr = Mx + My + Mz " 03
theta = [ *0opil'; o3l b
rho = 7; 059 /\ ‘
polarplot(theta,rho) B B v 3%
plOt([0 real(MxIL[0 imag(Mx), b, LineWidth,a); T I, v
Plot([0 real(My)],[0 imag(My)],, LineWidth',a) - L
plot([0 real(M2)L[0 imagM2)],g, LineWidth',); 2 45 4 es o o5 1 a5
plot([0 real(Mr)],[0 imag(Mr)],y,'L 8%

Scilab Code Out put

Figure 12 Illustration of Scilab - codes to calculate M, ,M,,, M,, and M, at wt = 0°. Here red, green and

yellow lines represent M,,, M,,, and M,., respectively.

T

Problem 2: Case wt = 30" or wt = -

j = sqrt(-1)

pi=3.14

Mx = sin(pi/6)*(cos(0) + j*sin(0)) * 120+ "; 80

My = sin(pi/6 + 2*pi/3)*(cos(-2*pi/3)+ j*sin(-2*pi/3)) e /. T

Mz = sin(pi/6 - 2*pi/3)*(cos(2*pi/3)+ j*sin(2*pi/3)) 5 ’

Mr = Mx + My + Mz 05 7

theta = [ 2:2*%pil’; 0deof o_ Lo

rho = 2; 05 /

polarplot(theta,rho) N \

plot([0 realtMxIL[0 imagMx)l, b’ LineWidith',a) ‘

plot([0 real(My)L0 imagMy)l, ', LineWicith,a)

plot(10 real(Mz)L[0 imagM)Lg, 2 jy — - -

plot([0 real(Mn)],[0 imag(Mr)],'y', 4% oo
Scilab Code Out put

Figure 13 Illustration of Scilab - codes to calculate M, My, M, and M, for wt = 30° . Here blue, red,

and yellow lines represent M, , M, and M,, respectively.
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T

Problem 3: Case wt = 60° or wt = 3

j = sqrt(-1)
pi=3.14 ,
Mx = sin(pi/3)*(cos(0) + j*sin(0)) ‘; h- : .
My = sin(pi/3 + 2*pi/3)*(cos(-2*pi/3)+ j*sin(-2*pi/3)) 1 L 4 |
Mz = sin(pi’ - 2"pi/3(cos7pi/ )+ (i) 1/ I
Mr = Mx + My + Mz 1/ 1
theta = [ 2*%pil'; 0 Jeof —_— Lo
rho = 7; 05] \
polarplot(theta,rho) 1 20 )
Plot([0 real(MXLD imas(M, 5, a5 .
plot([0 real(My)L,[0 imag(My)],r', LineWidth',4); 2] 240 = o
plot([0 real(Mz)],[0 imag(M2)],'s', LineWidth',4); 2 18 4 05 0o 05 1 15
plot([0 real(Mn)],[0 imag(Mr)],'y',L ith' a); Out put

Scilab Code Out put

Figure 14 Illustration of Scilab - codes to calculate M, ,M,,,M,, and M, for wt = 60° . Here blue,

green and yellow lines represent M,, M, and M,., respectively.

T

Problem 4: Case wt = 90" or wt = >

j = sqrt(-1)

pi = 3.14156

Mx = sin(pi/2)*(cos(0) + j*sin(0)) E -t e

My = sin(pi/2 + 2*pi/3)*(cos(-2*pi/3)+ j*sin(-2*pi/3)) "] ‘ - ‘ -

Mz = sin(pi/2 - 2*pi/3)*(cos(2*pi/3)+ j*sin(2*pi/3)) "] . 00 N

Mr = Mx + My + Mz 05 Z’:

theta = [ 2:2*%pil" o-Hof / lo

rho = 2; 05 ] | \

polarplot(theta,rho) L] _

plot(0 real(MXL0 imagMx)], b’ Line\Width',a) :

plot([0 real(My)L 0 imagMy)L 7, S .

plot([0 real(M2)L,[0 imag(Mz)],'¢, Lin a%; S ;T —

Plot([0 real(MRL,[0 imag(M),y, LineWidth',a); e
Scilab Code Out put

Figure 15 Illustration of Scilab - codes to calculate M, ,M,,, M,, and M, for wt = 90° . Here red, green

and yellow lines represent M,,, M, and M,, respectively.
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Scilab have shown to be the beneficial free software of simulation techniques in the rotating magnetic
field for vector analysis. By illustrating the applications of vector rotation in electric magnetic field in several
situations, students can gain further insight into the magnitude of the resultant flux and how it can be
constructed and summarized in practical studies. We have also found that Scilab is an efficient tool in

teaching of vector analysis.

Conclusion

According to the results of our research, Scilab is a powerful simulation package. In this work, we
attempted to incorporate this work into our energy conversion curriculum, as can be seen, that the output
of the numerical simulation part is quite clear. The students can understand this problem through pictures.
Using a vector to analyze this simulation with Scilab motivated learners to continue studying our electric
machines and look forward to performing simulations that corresponded to their homework or concepts
explained in class. For further studies we will consider research on rotating phasors for synchronous

machines operating at various power factors.
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Abstract

The aims were to 1) develop a smart parking system utilizing Internet of Things technology, and
2) investigate the usage of the NodeMCU microcontroller device and the Ultrasonic Module HY-SRF05
Distance sensor to detect cars that park in the area where the automobile was parked. The procedure
consisted of three steps: 1) Study and analyze the causes of parking problems with the current parking
management system, 2) Study the equipment and technology used in the research, and 3) System design
and development so that the system can be displayed through a display screen to save time finding parking
and reduce costs due to increased fuel loss or pollution. The sensor has been used to receive the status
of the parking place, which was then shown on the screen. The result demonstrates that the intelligent
parking system was designed utilizing Internet of Things technology as a system simulation. When the user
reverses into a parking place, the designed signaling device provides the information to the program, which
updates the parking spaces' state and sends values to the database for processing. The information would
then be displayed on the display screen and can also navigate to the parking space in each structure. It
may also be utilized to make parking easier in various locations. In addition to universities, intelligent parking
system trials employing established Internet of Things technologies have been carried out in retail malls,
hotels, schools, and other areas where there is parking. Using the quality assessment form, three
professionals considered and evaluated the efficiency of the intelligent parking system. The overall system
quality evaluation was deemed to be at a high level. With the highest amount of top three scores in terms
of design appropriateness, user safety, and accurate findings. The findings of system user satisfaction
investigating revealed that overall satisfaction was high. Usability received the greatest level of satisfaction,

followed by speed of use, safety in operation, accuracy in operation, and system design.

Keywords: Smart parking system, Internet of Things, Microcontroller
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1. aSesfiefildlun1swainnvasszuuvensasaaseslngldimaluladsumesinvesassndsazuusaanidy
2 dau Ao druvesgrsanas (Hardware) wazdruvosganmunls (Software)
1.1 @uveteninuas (Hardware)
1.1.1 NodeMCU ESP8266 WIFI
Juvesalulasaeulnsaiasd (MCU) fifidnuvaizadrondsiuiyu Arduino alaseadeu
Input/Output wardrururiiliuifemerenisldauiily dof fe ansaideuse Wifi wae Bluetooth s835U
nsdeulusunsulagld Arduino IDE waysesfulausnddulngves Arduino vilianunsaldeulddne (nnans,

2562) uandlugui 1

AR EXT XXX
.mntuzuw DD5 D6 07 D8 RX
L) =

Lo

o il S

&0 zas tas aw> eas ¥12 aN9 €ac N3 Lsy

3U# 1 uasn NodeMCU ESP8266

1.1.2 Wwuwesinsyey HC-SRO4 Ultrasonic Sensor Module
= o v v v A o v v a .«:4' oy vy ' =
Julugadmivinsseemaisaiudesdaniileda sseefianunsainlanug 2 cm fis 400

cm sossussanulil 3.3-5v 1daude s1a1gn Tlavsisdmsusenu Arduino lilaenss iauansssazniglaviui

(it 2562) uanslugud 2

gﬂﬁ 2 WU Inseay HC-SRO4 Ultrasonic Sensor Module

1.1.3 vasAnAael (Breadboard)

HugUnsaifastasliannsadenrenaiiennassiietu dnvarvesueinsdunaraings
$ruaumn meldgmaduazinindeudedsiuediedizuuuy Wethaunsaididnnseindunidsy ashlindany
TWfinamnsalwaangunsainis ludsgunsainiald fded Ao 1dugunsaldidgiiaztaeliistosnuuuises
Sidansoindldtretumsngnisldau Breadboard lifesldmataniaeas isaudldaslidsvadlfiuuuednd

anansniensiaaluaslanuiisfenis uandugui 3

caeaay,
fghij

gﬂﬁ 3 UasANAand (Breadboard)
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1.1.4 unslwanwad (Solar Paned)
\unsiienledead Suauvaty 9 wad udensassaniy eglunnadediy deazyinli
ansnsondnnszualiitildunndu dof fe Wundsuitazenn liviaedunedeuiesnlififeansueulneentes
fvilAiAanzeunszan udalnildnnaune lidregldneluty msinwns vielsanugnaivnssy a1wnsa

Uszenaldvnauuazfundanuiilididn (ana wazane, 2564) wandlugud 4

- “

3UN 4 unsleaead (Solar Paned)

1.1.5 moulnsav1saves
Judmuaunisysavsealii vieledivsneulnsaaes fed Ao Yredesiuaiy
Fenmeilonainainnsysawunnes li G9o1a8u1eaegauneyienn saufedanansadesiunssiuigaiuly

Wesnnuasiunannsenusnslgarsiwadiliainavedunaeniaiu (Fnsiug, 2556) wandlugui 5

9 06 6 6

U7 5 Aoulnsansaiees

1.1.6 wusme3 12V
I ¢ al v a ¢ A | aa A ' A Yo o
Jugunsaiiuszneumewadiiiied 1 wadviauinnin fdnsdeusenisuenieliiigs

muﬁuqﬂﬂiiﬁl‘v\lﬂﬁ (Kandasamy et al., 2556) LLamﬂugﬂﬁ 6

sUN 6 LUALRDS 12V



] ]
I v o

MsasnuRsAtansuazivalulad | U7 4 atuil 1 unsiau - ey 2566

1.1.7 ‘q@QUﬂiﬂjmi’Jﬁ]ﬁ@Uﬂqi’\]@ﬂiﬂ

I wiudendegunsainsmuadisieiu wanslugui 7

3UT 7 9gUn3ninTIadeun1598n50

1.1.8 nsAnvidafoaunsvliny
ausnlnufsessunsidanuseundnduentivainvate ndudeadidumesidnlunisouse

iegn1sviuvesszuulinaenia
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LﬁU%ﬂwwﬁqquﬁisde 5-25°C (Jurian 10 Yu wanisnaassuandliifiuia Ard a* Usunanaslsiladiavun
LLazﬂﬁmLLaaﬂaﬁﬁﬂmanﬁwaﬁmamaqmﬂmLéuéfuashwiaLﬁaamaammqmitﬁu%’ﬂm wazinnsiasuntasldigty
LﬁaLﬁuﬁaaﬂwnﬁqmugﬁqqﬁuﬁwaﬁ’mﬁLﬁu%’ﬂmﬁqmuqﬁ 25°C flangmistiusnwiies 3 Ju dlesannisuinde
vosthatn deanunsadunaladainnisidsududinaduasnsanasnoy navesn1sAnyivaunamans
¥94n151UA sulUasvosdnuaz s uamd19i Y wudn 11siUd suuvasdng o lussndnamsiivinuives
wiazgunniiduufizendudu 1 wazaunsavuigladfdisuuudiaesndnaians First-order fractional
conversion (FOFC) TaadiAn R? 0.63-0.99 wagA1 Root mean square of error (RMSE) <2 &ntiuA1 RMSE 983015
Wasuuasnd a* figunagfl 10 uaz 25°C Fefiangendn 2 sasufrveavaunamianinisiud suunvasila
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Abstract

Aqueous chaya leaf extract has been used as food additive for improving taste and color of which the
latter tends to change during storage. This research aim to study color changes and some components of
the chaya extract kept between 5-25°C for 10 days. The results showed that a* values as well as amounts
of the total chlorophyll, and ascorbic acid continuously decreased from their initial values throughout the
storage period especially when it storage in the high temperatures. The chaya extract kept at 25°C had only
3 days of self-life. The appearance of spoilage was observed from changing color to dark-brown color and
precipitation. The results of kinetic studies on the quality attributed aforementioned found that the kinetic
changes of those during the storage in individual temperatures were 1* order kinetic reactions. These were
well predicted by the first-order fractional conversion (FOFC) mathematical model given values of R* 0.63-
0.99 and root mean square of error (RMSE) <2, except the RMSE of a* values estimated at 10 and 25°C
which were higher than 2. Rates of the kinetic changes estimated using the FOFC model exponentially
increased in relations with temperatures increased. The relationships were well predicted by the Arrhenius

mathematical model of which the values of R* and RMSE were 0.76-0.99 and RMSE <2, respectively.

Keywords: Chaya leaf, Chaya leaf extract, Kinetic, Total chlorophyll, Ascorbic acid
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BCG) ladaaliiinnisldansifuwsisemisainingfiuniesssunauintu (@dnauaniulevienisgaudne
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Inemans I9enasuinnssuwiennd, 2563) lunisiseidlaianuaulaludnauenis (Food colorant) wiasand

\udnwauzusngifidnsnadenisdnduladendndueionnsvesduilan (@5Ind uazane, 2559; Martins et al.,
2016) ansarnanivielfiduasiduusidliuauauloogianinawng iewnsaningilid wu a1suseney
woulvlee1ilu (Anthocyanin) Wdkas ¥y wavsiae luvasfiarsuszneunaslsilad (Chlorophyll) lifdiTen
(Ghosh et al,, 2022) Rnlwen w3e Fny1e1 e avdndndln (Cnidoscolus chayamansa McVaugh) {6
MalaYuINITEe lnglaniedndiug (335.50 mg/100 g) LLagLﬂ%@iﬁﬁluﬁuﬁmﬂmzi’uaamammﬁa (ARUA WavAME,
2565) lwesinlrefddrdeuhaniussmuluguuuuanihdousiududmsn Sninhunbudiudsznavemig
#na 9 ieLiinsavAidesnniidiulsznouvesnsanganiin (Glutamic acid) Fadudinuszneudifyeansysa
(Monosodium glutamate) (Ramirez-Rodrigues et al., 2021)
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1. mawdeahasaanlulvensa

Tulweniildlunis@nuiasadiinainnytiunuesun fuauassuy ouneides Siminguasivsii
TnsAruauauasiauevoteyvasdulys ez uiiugnuesduiivnisdudvlu seilulyendthuldly
nsanwndulufifuainsedunans (Middle) wesdu Taenisidendanarndunasinnisdnuwi s ey
auduiusvesadulusoUsnaasddy Janudn Tusedunanadu (Juluddudl 5-8 duainsenvesd)
fdUsunadnnfiuduazaanlsiad 335.50 mg 100 ¢ wag 4,011.24 mg 100 ¢ AINAANU %aﬁﬂ%mmqnﬂ’h
Tudusen (Uunadnfiud 270.56 me 100 ¢ warUSununaslsiiad 2,749.24 me 100 ¢ ') nielusedudis
111 (USunaidendiug 267.62 me 100 ¢ 'wasUSuamaslsiiad 3,721.48 me 100 ¢ ) iewfululseuiuds 16
inlulyenliuwdluaisavarelufeulalusaaslsa (Thai Poly Chemicals Co., Ltd., Thailand) Aududy
150 mg L wuian 30 3unit itevianeqdunidifosiu ddlildursuunsunssfiazenniiiotiatnaniui
wazThn1slAsziseghadalulsensiold

Fmawiemhadaainlulyeanausaasulnedaudeelud dilulseunfuduiugn 4 sundszana
3x6 cm s lvweluinaiiddunauresasiadonluaiveiun (asudnniuse waalasuien wens
oW wous T 1 Uszindlng) fsnsrdruwihduladenlundueiun 5 ¢ setilan 4 L funan 1 wift (fae wae
ansntd, 2563) ieraesnudliasnnandenan mevdsliiluduludiiion @uugivssana 100°0) Wunan
5 undl iteanusunalleenludnuisildsieaulag Godinez-Santillan et al. (2019) iensunaiudahiululyen
Tudlubudu 5 il Adddazdaihunzunseiiazenn 5wt tilvlenildunasasaedidlusnsidu 11
nsuiilunsestasiumuis wdnhiadedldussyadumnnaiafinuiines 150 mUifudneifigungd 5, 10
way 25°C 1Wunan 10 Tu Imalm”ﬁwmﬁfjuéha&ml,ﬁaﬁwmﬁLﬂiwﬁﬁhq q Tutudl 1, 3, 5, 7 uaz 10 v0INsifiUSnY
faiinsduiegafiotauiinmnaslsiladianun waznsauwoanasinldvinnisdunn q 2 daludlurng 6 Faluswsn
vosnsfvine iosndvivisaesiiuuliunavdsunlasdeudraiilutiusnvesnafivinw Feyanis

a o ' & = & P
WaULURIAINaILUUNAIINNTANYILUDIAY)

2. MArszsinisUasuslasvesiadalulyen
2.1 mswWasuulasd
nsideidlduidetadadalulyed wfuinud guunfuazszezinaidig 4 uiases
nswasunlasdluiud 0, 1, 3, 5, 7 uay 10 Y8INISLAUSAET FBLA3es Hunter Lab (Color flex 4510, USA)
Tunineeed L*, a* uay b* Tagdn L* fie aruainedl Ardeus 0-100 89 0 Ao den waz 100 Ao dv1 luvnsd
A1 a* wansAududiTon (-a%) Aung (+a*) @audn b* wansdidy (-b%) wasdwmdes (+b*) Tnslunisided

Yausad a* Wsnansdinisidsunvasluanudud@ervesianalulyen
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2.2 Ysununaalsilaanivwun (Total chlorophyll)

AsiAsziUSnmnaslsiladianun (Total chlorophyl) Tuthafnannlulvenanludalusd o, 2, 4 uas 6
Jufi 1, 3, 5, 7 waz 10 vaansAvsnw duflunsdien1sfnulainives Lichtenthaler and Buschmann
(2001) Tnevniafalulyen3une 5 ml inansazaneez@lau (Acetone; Loba Chemie Pvt. Ltd., India) A3
Wudu 80% (v/v) U3 20 ml USudSunmsieansazansozdlaililausinasimun 100 ml 9ntuiansazane
AlfTarnsganduuasieindesadnlalilnfines (Spectrophotometer u Evolution 300 PC) Tngviinis
WisuifisuiuAnisgandunasvesiaiTeuiiou (Blank) Mfuasazaiserdlauaududu 80% (v/v) Tu
nsfnwilldnaganiunasiiainueniadu 645 uas 663 uiluiwas antuARlduAwILnIUTINY

naslsiladiegnsfsselull

209(0D 645)+8.02(0D663)
1000XW X

Total chlorophyll =

Avuali V As YSuinsvesdnsratenuiuimivsunanaslsiad (ml); W As Wirunfa98199 U190
Usuraunaalsilad (kg) war OD As AIN1sAAnAuLaIiauldaInATes Spectrophotometer 119l UTuM

Aaolsiaananuas e ulumntiees mg 100 g

2.3 Y3urunsauadanasiin (Ascorbic acid content)

Anszinansaneanasin Gandud) ludhadealulyerludalued 0, 2, 4 uas 6 Juil 1, 3, 5, 7 uas
10 voen15tiusnel fmenszurunistamsnlagldaisazatoninsgrudulafiuea (Indophenols standard
solution) tharfildufuumuiinunsaauaiifogluhatalaeAnduiiadnfunsaueanesin de 100
FauUasa1ndfves AOAC (1990) Wruadalulysn 1 mt ldluvangusuw auin 250 mlifiu 5%
Trichloroacetic acid U3u1m35 9 ml wenliidndusiudl uaavinnislatmsniiudinu Indophenols solution audls
9agd A Waswdudvuyiiasi dmudaegradIouliiou (Blank sample) ¥ 5% Trichloroacetic acid
Y5193 10 ml lawmsmisuiieaduiasalulye aanduidiildannislamsmuniesegiviuiunsa

woanasdnlnglignsseelud
Ascorbic acid content = ((X-B) x (F/E) x100)/(V-Y)

Amuali X Ao USums Indophenols solution ldlunslammaaogs (ml); B fie Usuins Indophenols
solution Al4lun1slamsnalog1s Blank (ml); F A Auuduu8a Ascorbic acid standard solution
(mg ml™); E A Usu1msae9 Ascorbic acid standard solution (ml); V Ao Usuns Indophenols standard i
Mlunslomsnansazarsuinsgiunsauoanadn (ml) waz Y e USuas Indophenols standard #l#lunisla

LWINA8819 Blank (ml) vstiUsuansateansstnsisauluniigves me 100 g

3. A15IATIZRIAUNAAIENTVRINTIUAsURUaRaYuTuanalulyen

Joyadadunaninnsiasziluinde 2.1-2.3 lddwnd@nwivaunamanivesnisudsunlad a* Usuw
nsnuegnesinuazUsuinamaslsiladvioiun vialinnsfinweaunamansiieadesiudnsniivesnisiiaujisend
danabiiinuasuulaswesansusznauluemis lneanuduiusseninednsnivesnisiauiiseiduaiy
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duturesansiaduluniaSusifidifu (Order) munguesdnin (Rate law) vaansiinfAserlusening
N13uUsIURaTNISIAUSNBI191MS Fedrdudrulngwiiu 0 3o 1 (Zeroth order w38 First order reaction
AUERU) (Earle and Earle, 2003) 91nn15@nwIena13819dsiliAsates wud1 nmsdsuntasaududy
vo3infiud & nioarsddnlundnfusiormsiniduuiitensusud 1 Fs8nsnsivesnainujisondusiug
fuanudutuvieuiinavesasdaduluraaaidng 4 (Feslus uazany, 2559; Robertson, 2012) lutlagty
delinuns@nwaaunamansnisdsunasniasalulyen ﬁaﬁuﬁ%%’ﬂﬁaﬁgnamﬁgmdwﬂﬂiLUﬁﬂuLLUaaﬁ
U3unmaaslsfiad uavnsnuoaneidniindulusuuuuresfitondududl 1 uavdiseldussgnduuudiaes
AtIMANEAS First-order fractional conversion model (Eq. 1) Fauvudransndamaniilainisldedn
uninangiiioviungsaunamanivesnIsiUsuulacuufAsensuduil 1 vesnandugionms (Van et al,,
2014)

4 -4, ) Eq. 1

T2 —expl- k|t
A(Z)—A:O p( 1st

Amusld 47 fe Ardsnaula | Maile 9 (1), A Ao Adeiiauls | Avansusu (£ =0); A As Ardan
t 0 00

aula i Wewdauna (1 = o) k|, Ao Arrsiivesdnsinaudsundasuuulisendudui 1 luadsiaula
(day™) uay f Ae szezaINIsiiusnyl (day) visdarfiaula | Useneumie Ad a* (ldiivuie) Anududuves

v

nsaLeanasin (mg 100 g) uazusurumaslsiladvisnun (mg 100 ¢) uanaintd nsadelllaAnwiamuduiusves
gnsndvesmafindiserdugaungiinisfivinwidlsauduiusensidea (Arrhenius relationship) & ol

wuudnassntinAIansuandly Eq. 2

; : Ea| 1 1 Eq. 2
st = Kigerer €XP ? T__?
ref

Al &y, fie Aasfivesdnsinsideundasuuuljisenduduil 1 igangiensds (day"; Ea fe

WHIUNIEAL W3D activation energy U mol™); T, . Ao ganqiionsds e il flo 18°C wse 291.15 K n1sdinw1il
i i

Ist ™st,ref
21NN15NAABIR Y LUTHATUABNNILABS Microsoft Excel® 2016 (Microsoft Inc.) n1suseunaualagly Non-linear

1a 1435 Non-linear regression Wi oUszuuAn k waz Eq vean15iUd sunvasansi aulad ba
regression WuAiunsAAENladauelag Avila and Silva (1999) Tngaiuusiugrvesnisituieafilaainng
NAABIR1Y Eq. 1 wanslaep1 Root mean square of error (RMSE) kaza R” IaguUszgnduuiniaiisngaulag
Phungarm et al. (2018)

4. N5 NUNUNITNAADILAZIATIZHERA
UITBUINUHUNITNAADILUU Full factorial in randomized completely block design (RCBD) lagddads
A gauiinisiusne (5, 10 way 25°C) wagszesiain1siiusne (1, 3, 5, 7 wag 10 Fu) andunisaiidunis

3 gImaveaes MIeiladliunisfnwssninanunius-wweu 2565
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NaN1578

1. Maasuwlasaianududived (@%)

Arrutdudlen (@) vesinadalulvendaniuduainansudu @aeduwinfu -13.30) AUSLELLIa1994

'
a

nsfiusnw (JU7 1) wenaniinisideundaswesnd a* iinduldgeduflogaumgdveinisiiusnuwiiudy

a

nfeyaiuandduzufl 1 wud and a* Sudinsdfinduegdanuniendmwinnsiuinm 3 fu lnsaneiigumal

10 tay 25°C deduwilunnisiiudunuunninsslaanietongluiuuilea (Exponential) Tuaaizin1siuasuniag
Ad a* veshadatulvefiaamall 5°C fwwilduintulatesndt (3UN 1) Meiihadaanlulser@anendeinnis
) .«:4' a o = o ax b o a e s 1 o °

WUINYINGANNN 25°C LJUNAa 4 71U Udnakazanaznou napnaudinduliiausasAnag ldwangiunisunun

Y a o

Usznauemms J9lagRnisinenad uazesAusznoudu q naeniuil 3 esmsiiusnwm

q

25°C
2.5 - e 2.5+ 1oe 2.5
-
0.0 = exp. 0.0 0.0 -
pred.
-2.5 - -2.5 1 -2.5
o 5.0 5.0 1 -5.0
o
3
©
> -7.51 =7.5 1 -7.5
©
=
-10.0 =10.0 -10.0 4
.12.5-11/‘{;/’ 2547/ . = 12547 =
1+ 1 1L
-15.0 ‘rrr/rrrrrrree. A15.0 e er e 50 - 4——7———7——7—
012345678910 012345678910 0 1 2 3
Storage days Storage days Storage days

JUT 1 nswdsundasend a* luthadalulvenfiusnuiigamall 5, 10 uaz 25°C Wuan 10 Tu iadldgydnual

U

=b

warun§ (Bars) unuAtadesuarAlsuuunsgIuresteyailannnaass (n=3) (exp.) uagiduds fe A1

Iaannsviiunefieaunis Eq. 1 (pred.)

Wevinsfnwaunaranivesnisildsuudasnd a* venhadalulyeluudazaumgl wudt aunis Eq. 1
ansaviuewildunazand a* ladlagianizigungd 5°C lapddn R” i1y 0.93 uazeAn RMSE wirriu 0.12
(»15199 1) Tunesadudruaviuneainaunis Eq. 1 dmsugamgll 10 waz 25°C 3A3uunnd1991nA AN

A1INAABILALLRANIZANINEIDINAITHAUTNEY 3-10 U T9iA1 R? waz RMSE ag/lui909 0.63-0.80 Uay 2.13-2.44

a

o w A S XA a ' * oAy oy ° oA oA X
aud1du (15197 1) Melillefiansanan k|, Mldannisvinevesaunts Eq. 1 wuin SAnfindunugungdl

U

o o X : * g o o o - . | o o
LﬁU'ﬁﬂ‘l&}']ﬁL‘Wll“U‘u IWEJF]’] kltivt ﬁqm‘m’m 25°C umqammqm‘mu 5uay 10°C Ussunad 46 wag 5 111 Aua1nu

s a v ' o o € | ' a* a 2 W & a
wanNilugun 2 uandingiudn anuduiussendned k), wargnmgiinanuinviduwuuiendluiuudea

uazannsavhunelagannis Eq. 2 loed1ed laedla1 R? wag RMSE Wiy 0.99 wag 0.01 auaau (m19199 2)
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A159990 1 W151TR0T VR UUTIADIANAFIANSVOIIAUNAAENSTVRIUJATE10UAU 1 (Eq.1) veensiUdeunlag

Ad a* vosannniulyean nusnwigamall 5, 10 waz 25°C WJuan 10 fu

gaunnil (°0) km R RMSE
5 0.01 0.93 0.09
10 0.09 0.63 2.44
25 0.46 0.80 213

* ] - o N aaa v o oA P 1 -
wanewe: k|, = A1mafivessnsinisiuasuulaauuuisendudui 1 vesdnd a* (eaulumize day™)

3.0 - a* value 3.0 Total chlorophyll 34 _ Ascorbic acid
] content | content

T 2.5

& ] 2.5 2.5+

S ® exp.

s 2.0 pred.

2 I 204 o 2.0

9O 1.5

E ]

3

o 10— 1.5+ 1.5+

5 0.5—_

g 04 1.0 1.0

2 03-

2 1

® 0.2 ] i

3 1 0.5 0.5

¥ 0.1 [) {1e
0'0_.I'I'I'I'I'O'OI'I'I'I'I' O-OI'I'I'I'I'

5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Storage days Storage days Storage days

JUN 2 N15AsunUatueIA1AiveednsIn1sdsukuaiuuulAse18uaui 1 (First order kinetic reaction

U

v

v 0./ o Y U a * 1 a & o
coefficients) (Toyadaydnuyu &; exp.) dmiuaAd a* value ( klas[) ArUTuuRaslsiaaianue (Total

hl Ao v cw
chlorophyll content; k) wazuiurunseusaneasdn (Ascorbic acid content; k. ) Ndunusiu

gamafinsfiusnuuaznsiuefeaunis Eq. 2 (Teyawdy; pred.)

{ 3 o i i * a o 1% v i
a13199 2 daudsluaruduiusenssilea (Eq. 2) sswien k[, uwazeamaiiniaifiuine wieudies R?

ey RMSE
a* Ea 1 molY R RMSE
Lst,ref
0.20 84.91 0.99 0.01
wnewn: k. o = = ApsiivesdnamsiAsuLUaUUUATe AU 1 veed a* lutharelulveuazgamg

18°C (s1e91ulunie day™?)

2. nMsasunlasvaslsunnnaalsnaananun

U'imamaaii‘vxlaawdwmsummaﬂml‘ulmmmwamaqammmuaamﬂmaumumu (mmmaamm‘u 136.95

mg 100 ¢) lefiszeznannsfivsnuniiudu (5U7 3) YTnmnaslsfladiamunduunliufinnisgnydolaig

v
o A ©o

UWUSNUTY ”Uammﬁmﬁmvsmznmwmu '1/1qumaﬂmivlﬂjmmmmﬂmﬁqmmm 25°C fUSuneumanlsilas

9 U
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v v
o Y '

Fananasiauidiliued 2 uaransasiiaalutud 3 TnedidshndidnSudulssain 6.23 wih uenanindsan
fuil 3 §3duldlétinsedt osmbadalulyeniid uasnduilifssvasddsildiiauenoundi iefinnsan
Tugudl 3 wudh Usinueaelsfladisunvesihadalulyendigungd 5°C Tasianiegluga 24 Falususnves
nafusnen iansanaadisadntiosdiowisuiieuiunsanasesuiinueselsiiadiaunfigaungd 10 uas

o = a , & & @ = 2 o
25°C "?NLﬂ@lﬂhﬁaﬂaﬁaEJ’N?]WL?]@QLLG]"U’JIJNV] 1 YBINITAUIAYN

° 25°C
140 - 5 140 - e 140 -
S 120- 120 - 120
(=]
-~
o
é 100 100 100
-
[=
2
= 80 80 80 -
[}
o
> 60+ 60 60
K=
o
o
O 40+ 40 ~ 40 ~
=
o
8 204 20 20
o
[t
0IIIIIIIIIII oIIIIIIIIIII 0I T T T
012345678910 012345678910 0 1 2 3
Storage days Storage days Storage days

UM 3 nsldsundastSunamaslsiladvianus luihadalulveniusnwfieamad 5, 10 waz 25°C 1Juan 10 fu

U 9
P~

1ag 0.08 AB NNFIATITILUTILUGN 2; 0.17 AD NITIATITILUTILUG 4 wag 0.25 AB NISIATITIIUYILUA

£
v o '3

7 6 Melldydnwal W uazus (bars) wuAtadsuazAlouuuNInTgIuvesdoyailaainnaaes (n=3)

7

v il

(exp.) waziduden Ae A1Aldann1sviueAIeaunIs Eq. 1 (pred.)

A15199 3 WIIITRDTVRIUUUTIADIANAFIANSVDIIAUNAAIENSTVRIUJATE10UAU 1 (Eq.1) veensiUdeuulag

Uinaeaelsitadiomunvesiainainlulyenan Wiushwfieamgll 5 10 waz 25°C 1uan 10 Tu

gaungil (°C) ki R’ RMSE
5 0.24 0.70 1.81
10 1.95 0.96 1.22
25 2.67 0.99 0.26

hl ] N o = a2 o o o = P
e k), = A1Asivesdnsinsddsundamuuuisendudui 1 veslSunanaslsiiadimun (neeuly

e day™?)

Weavihmsd@nwiaaunamansvesnisildsunvasuSunuaaslsiladnmualundazgungil wuit aunis Eq. 1
ansariuenInsInveIn sasuulatlad tnanisfioamall 5 war 25°C lnelia1 R® oglutas 0.78-0.99 uax

A1 RMSE < 1.45 e nsuszanaanvesuunuaaelsladnanuan gaumgd 5 way 10°C lagaunis Eq. 1

a d' A & Yo % o A o o a = o o s ! ' chl
umﬂa’mLﬂaau‘wqulﬂﬁljiﬂﬂw‘ma\‘ﬁﬂmuw 51ag 1 fuainu (EU‘W 3) Iuﬂﬂiﬂﬂiﬂmmauwuﬁizw’nam klst LAy

gamgiinsiiusnw (3UN 2 Aa1san e 3Ugee Total chlorophyll content waza135197 4) WUl @un1s Eq. 2
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Ml 1 ngiiAn R? wag RMSE Winfy 0.76 wag 0.41 audsu

ansnuguuliuvesnisildsunlasaves k',

o o

RatlanunaIneaauYeINIsinuedunaladnianmnall 5 way 10°C

q U

§ v v o s s i ! hil a o % v i
a13197 4 saudslupnuduiiusenssidea (Eq. 2) sswinen k|, wazgamginisiiuing wiousaer R? way

RMSE
chl Ea (kJ moL-l) R RMSE
Ist,ref
1.93 37.03 0.76 0.41
NUBLAR: kf; = AAsveadnsINsasuLUaUUU TS usUR 1 vesTinueaslsfladviavun Tudardn

Tulweuavanmgll 18°C (enuluniie day™)

3. nsiAsunUasvasliunansauesaasin
USinansaueanesinveniadnlulyendaianasaindiiisudy (@a1adowindu 194.44 me 100 ¢)
ATEEEaINRAvinw (3UT 6) Tag wud1 YSinansaueaneidnfigumgd 5°C finsidsundaadniion
Tudhs 24 Falususnvasmaivinw lurasinaudsulasindulfedudnnudogumgfidiniulasiany
flgamgd 25°C Fadlofuganiafiving u fuil 3 veanafuing wuth Ysnansnueaasidndaranasannni
3 wih dlewSeuiisuiuaidud iuiinunsaueanesinvesiataluluend 5 way 10°C Susinadivaundely

9 v 2 o - i 2w A ° A v ' o o
UFANIYVDINTINUINYINIERNIINTTNUINYIN 25°C lnoanasa nATuAuUTEInM 2 Lag 2.67 i1 ANUEIRU

25°C
200 - 5¢ 200 - 10%c 200 -
—~ 180 180 180
o ] i
S 160 160 - 160 €Xp-
- : pred.
D 140 140 - 140
E ]
T 120 120 - 120
[} J
=
S 1001 100 100
(3] 4
T 80 80 - 80
Q
S |
© 60 60 60 |
.g 4
g 401 40 - 40
] J
< 201 20 - 20 -
0 “rr T 0 “rrr T T 0O-T—T— T 71
012345678910 0123456780910 o 1 2 3
Storage days Storage days Storage days

UM 4 nswdsuuasviinunsaseanestntuihadalulvenivsnwiiaamad 5, 10 uaz 25°C 1uian 10 Tu

v 9

=

1Ag 0.08 AB NITIATITILUTILUGN 2; 0.17 AD NITIATITILUTILUG 4 wag 0.25 AB NISIATIEIIUTILUA

v
1Y 4

1 6 Nalldeydnwal M uazuns (bars) unuAadowazadoLuuLInTgIVTEITBYaTIlFaINNIMARDY (n=3)

o

'
oAl

(exp.) waziduden Ae A1AldannsviueAIsaunIs Eq. 1 (pred.)
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aaa [

A15199 5 W1510L085 VB UUTIRBIANAFIEARSTBIIAUNAAIaNsYRIURATE18UAU 1 (Eq.1) veenisiUdsunlag

Uinansaueanesinvesihainainlulvenan iusnwfiaamad 5, 10 wag 25°C Wunan 10 fu

U

gaungdl (O) e R RMSE
5 0.20 0.77 1.20
10 0.39 0.93 0.84
25 1.28 0.98 0.41

asc ' a o a aaa v o a a sa
NN klst = ANAVITDIATINTTIUABULUAILUUULNT81DUAUN 1 183UINUNIALBAADIUN (CRERRIIAN

e day?)

Tuguf 4 uansteyadaunariansvesnisildsunlasisunansaueanesinvesiadalulyen wuin aunis
Eq. 1 a1u1saviiwngamsinvesnisidsundasdenailad lnslanigiigamgd 25°C lngdan R? waz RMSE

ag/luY39 0.77-0.98 Uag 0.41-1.20 MUAIRU NIUNUTT ANUAIALAGDUVBINITVINUNMEANNTT Eq. 1 AT

gamgfl 5°C wnnifigamadl 10 uaw 25°C Mndeyamuduiussenin k| wavgaumaiinisifiusnviduans
Tuguf 2 (Wasaun s 3UgRe Ascorbic acid content) Wagm15197 6 WUI1 @UNTS EQ. 2 @10150911UI8NT

Wasuudasen k7 Idluegdlaedinn R uag RMSE winfiu 0.99 war 0.02 aud1diu

A15197 6 saudslupnuduiiusenssidea (Eq. 2) sswineen k) wazgamginisiiudng wiousier R? way

RMSE
1st,ref
0.74 58.97 0.99 0.02
wanewn: k- o = AnsivesdasnisiudsuulanuulfAsensudui 1 vesTuansaueansitn luthade

Tulweuavanmgll 18°C (enuluniie day™)

N359AUTIENA

Tulvenanriiddondusionunszuiumsataildlunsanuiliiiaiden %) Sududszana -13.30 flndidestu
Aadsvesdluaniifidnd a* Ussann -10 Fesnsaulae Afua uazans (2565) firudunisaneinisdaiiululeen
anluussyfasiusseniedauys deyadmanuandinnuiinssuiunamsasaivssgndldlunsinundlshann
fifadendedluaniafidnennlunsiludiduasifuwiaiiolidideunems deRasannisdsuulamwesd
U3uueaslsfladiamun uaznsnueaneitn dududnumeamnin (Quality attributes) fiddynilsuoman o
819113 (Hanh et al, 2016; Indrasti et al., 2018) wui1 innsWasuulasegssaiiieduseninimsfivinuw uay
nadsuudasiuulindatuldunndogumadmaivinuuiniu dednmadsuuasmwesdnumeamnm
waniiiinuieaiuiuianssuveneuluiieades weuleiddalunisdsuudamie donaarevesansusznou
Aaefladdslidifonasninweanastn fe raslsiladiaa (Chlorophyllase) way weanasiunaadina (Ascorbate

oxidase) Aua1F U (Rasul and inanc, 2014; Akyildiz et al, 2021) Aanssuveneulaslnealudanuduius
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wuulenlviwudeadugungiasianslagainuduiusenssidea (Eq. 2) ileNa15u1nANNdURUsAIng1?
nsiasunlasesivansuszneunaelsiaduaznsnweanesdaluhadalulyeduintuludnsniifiaadosamal
mafusnyindy lnslanieiigumall 25°C wud1 mswdsuulasiiinvudualiviiaun wvesiainlulye
anateg1un waztludnvaei liiaUszasdnanisuilan dmanismaaesivandlivsiudnisanngnau
-y a A % o o %

wiensiasuandideuludaanina

Han13AnwIn1sdsunlasdnuvaraun I s@ud wanddusun 1, 3 uag 4 ilinsuldnaunadans
yaen1sidsunlasianariluuisenduduil 1 nanfe shsnsiwesnisdsunlasduiusivuiunaueansheiu

=

Tuusiaztaaa (Farle and Earle, 2003) aenndesiudeyaiildanmsinuluudazgumgfidamuin mawasuulas
Aatuldogamaialudiausn wietuil 1-3 vesnaifuine s doyasaunamansiidnwinisudsuulag
vosnadalulvendussdmnudlmifsslilddnsmenuluenanssisdeiifendes avmidusaunamansiild
MnmsAnuiiTsatuayuesdminiiiunisanamesdide uie naaneanastnlundniusiomnsienisuszy
viansifivine Fedinsssauegnirwnindusaunamanuuuuasensudui 1 dafeg1swesniside
s sudveanaUusaenuss (Deng et al, 2022) iiodafuAy (Prabhakar et al, 2022) w3ed1Indouaz

91819980 (8999 wazany, 2559)

v
av

Waarsandeyaraunamansvesnisivisusuasanlunuided (3UA 1-4) wudi widrauns Eq. 1 @110

U

YMUIIAINSIUBALHUILUNITUR I UL UAIIBINIT TN DSNIFIUARANET LARNUARIAAADUNTALIUVBINITVNUNEY

Wueglunqudoya (1) Ad a* 91 25°C (3UN 1) YSuuraslsiladnavuniigamgil 10°C (3UN 3) waz YTunu
niauadAssUnfigamad 5°C (3UN 4) ANuAIaLAG aufInaatuauuaiea1 RMSE u1nndn 2 Tagan RMSE
Auansnsauuiuglunsymuielaglduuudiansadnr1ansaasiaMan1n11 2 (Yang and Chinnan, 1988)
AaBAIUAT R? 161091 0.90 AvumAaIand oudinaerndunasingumgiilunisiiusnwiidmwalinszuiu
nsdsundaniaduladiniinisiuielaeannis Eq. 1 aslunsdveinisanasvesuiuiunaslsfiaaisvun
v o oa - N a ° = a 5 a ' 1Y) & o a
AMendeiun 1 veanisiiusnwfigamgll 10°C niadsuunsaweanestnluyae 24 Taludusnvesnisiusnuid
5°C Fanuin Ardildannnasmeaesdiaininiiafiviuelagaunis Eq. 1 (57 3 wagguil 4) Matiaannisnaaeayinli
Anpzdnsiuinyfigamginie1atisseasdnsniweiuneudesluujiseiiierdesiunisuasuwlas
a s sa = 1 Yo I3 1 I3 v v A a &
raslsiladuarnInuaanesindedwmalidnsnsilunmsinanas egrglsinuannis Eq. 1 lldsiunaniintuly
& 1 Y < aaa o & = =] = s & g a
Juneudes 9 AednInIIveiselaesin Auuidnisinsfnuilulseaudaelulueuianlaganizdunou
fnundnssa (Rate-limiting step) vaen1sldsundasnaslsiaduaznsaneanastn lunassiuduigumngd

25°C wuan Anueaanasulunsyiunelneaunis Eq. 1 9 25°C iiaduiisaanieslunsiivesnsaueanesdnuay

'
aaa a

a6 I d' a a o " i g i a aaa
ﬂa@Iﬁwaa @'ﬁ]L‘UuwaLan"ﬂ']ﬂﬂ']il:ﬂﬂﬂﬂﬂjﬁﬂﬂ/]@ﬂéﬁﬂll 25°C "LllﬁﬂNam@ﬂ’]isﬁga@m@\jmumeUEaﬁlLLaSﬂ’]iLﬂﬂUgﬂiﬁﬂ

q U

aaa

Taesu ssiinalnfidudoulunisiiaufiase (Complex reaction mechanism) danasoaauisuglunisyiuie
saunamaniveansiiaufAsededidiniseAuselunsdussniafaddiniaanujisenuaaisa (Vailard
reaction) (Labuza, 2005) %3 lunszuiun1snisdaninuasdaais u q (Peleg et al, 2004) aei19lsfi Ay
ANLAMALARIUYEINIYILEAE a* Tigauugd 25°C (Ui 1) eraifunasinnsindevesiiatalulvendeiils
A a* fAnfasunUasnasusuldSuas i figunnusifuinuiiios 3 fu

ndeyaluguil 2 uasms1edl 2, 4 uas 6 wui mwdTLdsEISITIEweIMsAnUfATe T uud &,
wargamaiinsifiushvndusuuvuvesendluudes wiadusuuuuvesanuduiuserssidea lnvamsarinneg

I9dfeauns Eq. 2 anuduiusenssidealasunisussyndldegnaninwndunisfinuaaumansnsiudsunda
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A3 009A UTENOUTBINAR S M 0 1M15UTENI19N15LAUSh " (Earle and Earle, 2003; Roberston 2012)

Han1sfnwiAudunusendilleadinanilatvayunisivisuivasdnvaraunmvesiiaialulvedwusliy

v
a =

Aatuludnsnifigudogamgiinisiiuinviiiudu deyaildainnisidedadvayussdannuaunisiiuinm
nandueiemsiinaniuinuluiigamglidfievsasnisidemde Vidlawaawunsedu ( Eq) ildainnisussana

[ '

A1YBIANNTT Eq. 2 agluyae 37-84 k) mol " Feegluriudediuiual Eq vesufisenmfeitunmsidenaaiy

yo93ndiulazd (Vitamin and Color degradation) #3aufjisevaveulyal (Enzyme reaction) A1fl%213581319

'
aaa - a

42-147 kJ mol* (Roberston, 2012) V’h‘wa"’wuﬂ'33mfuLLamﬁaizﬁ’ummlm'amilﬁmﬂgmmm PO UNYULANA
a A a J aaa A a & Y = Y o < aan

nsidsuudad Wenisananer Eq vesujisenfiintuluhaialulyer Jsaeasiulidndnsiivesufisen

fwwnlduidntulddefogungdfing Wy Feaenadesiunisvdsunlamiadendefiieniadalulyen

Faufushwfigamgl 25°C
ungay

INNANITANWINUIT N5UAsuLUasE USunaumaslsflaasiavie waznsaweanasinvesulanalulyen

fianuduiusiuinawazaangiininiuine lnsvaunarmansvesnisiisunvadlaesiuiuujisendudui 1

aaa IS

wazdnsnsweanaiinufisendanuduiusuuvensiideaiugamgiinaiiuine) andeyansidelifainaue

Tudestuimafvinuiatalulsefigamnfisswin 5-10°C orraensdsunadnumeynigunimuasans
usnwliuseanm 7-10 Su meldanzgamafifudinam siasimsfnvifudulununmwmaiuinwdy o
Tnslawizninaiyrendogdunislusswinmnfuinu nsdsuulasianssunisdueuyadasy uaz/mie
A mveUsEamdudad miunUssduengnafvnniusiugunndsdu lunmlpesaAsmsfnuiliussgnd

lunsideliivssdnsnmuazdmalianunsainiussgingUseasdvein1sideld esranuinliainnisidetannse

s A

I dunwamdumsmusunisdanisladafndiinesiunisianiseamgiivasszeznainsvudyiiuinusely

LBNE15919D4
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UNAnga

nsfinwadaliingusvasd 1) eaurssuumuauanmwindenlssdoumizugniiauissuggu taeld
szuvaeanaileialeledl 2) ilefnwidunumndnuazselsannsmzugnifiaunssungiu Taeldssuuaun
anmndenlsadou mevhauesssuuiinisnsaseugungineranuduninuses SHT20 Insszuudinig
muauaamaililiiu 33 esmwalea dgumgiitiuniiiidmus WeauszuiseimiauazszuihAduies
vhauitednugamgiilimngay Ustdvnmuessyuumuauanadoslsadoumnzugnuin Insldssuvanes
nailsfleled 1438n1smadeusyuULUL Black box testing Nan13398 wud 1) lsuseumnzUgnifinanunsansiadu
gl ATWAY 91N uazuasaine shllsadoumsgniin fanmuandenfinzausomamizgnaneniaa,
9nnsUszdumUsEAnS amwesszuy wuin UssAnsamlunimsiuvesszuveylussdusndian (X=4.50,
$.D0.=0.50) 2) wan1sfnwsunun1sHaakazsglannsinzUgnidaussugg neldssuumuauaninwindey
Tsadou wud szuumuauanwadenlsaFeunzUgnifisunssungu azduiilsannamzugn Weduideu

7 3 way LU 4

Arddsy: Wiaunesuggu lsadeumslgn ssuvauesnailsialeled
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Abstract

This study aims 1) to develop an environment control system for the Bhutan oyster mushroom
cultivation house by using the loT embedded system 2) to study the production cost and income from
Bhutan oyster mushroom cultivation that use environment control system by determine the efficiency of
the mushroom cultivation house environment control system that use the embedded IoT. The system is
checking temperature and humidity from SHT20 sensor, with the system controlling the temperature not
exceeding 33 degrees celsius. The ventilator and cooling system will also work to maintain the optimum
temperature. Using the black box testing method. The results of the research were as follows: 1) In order
to development of mushroom cultivation cloud operation of sensors to detect temperature, humidity, air
and light, it makes the mushroom cultivation house had a suitable environment for cultivation at all times.
From the evaluation of the efficiency of the system, it was found that the overall efficiency of the system
was at the highest level (X=4.50, 5.D.=0.50). 2) The results of a study on production costs and income from
Bhutan oyster mushroom cultivation that use the house environment control system, it was found that the
house environment control system for the Bhutan oyster mushroom cultivation will get profit when entering

the 3rd and 4th.

Keywords: Bhutan oyster mushroom, Cultivation house, loT embedded system
UNUI

Tuefninifulszmuiuily asdudeiiietunusssumfvasasayiulaansyisggniawintu Wedldfey
vilaaduundu Feihlmaanisiaulugnismnzdialudnisin wieiiwigludanisdnfivarevia wu wWinig
] ] & & A ] & 2 av ve a Y o
Winnuy tiauainiainwissy lasanizegeds winwessugg Wudiaildsuanudenainduilaanaluly
Viowman esaniauissudvsslevivasanamieeimsgs susisaunsathuwusglomsidegimainany

s

winunssuaigdulaldluaninerniafiigumniisening 24-33 ssrwaidos wavALTudIInS 70-80 Wedidus
(w2ar3, 2561; Mohammed et al,, 2018) Waudazwdadiismameiuandsiu Tnealufimeiinazigded
wAmewietomthludanenlulsaFeufimuauanimwandonls fuiu lsadoufaflanuddysenaniziiio e
awfosmuauanwndeslivinay Wy gumgll anutu 01ne waswasaing Windsareennenuaynandeldd
(F3fni uavaniy, 2561) naenaulsauieussdesanunsndesiulsn uuas uasls viednsvoaiinld fadu n1s
wngdgnifinunssuggrulvidaaunndasnanangs astianmuwindeuiiinzan lunsvilsadeumnzugnidin
WU venunsnsludagiu Lﬂwmﬂif\]w’fmqagLﬁanaﬂmﬁsmfﬂwdm%ﬂ nanstu wazidu Wlednwgamnd
autululsaseuldiinnumnzanuas Safosnss Tngaumgiuazautuegedraiiios Tagtuimalulad
Sumefiinvesasands (Interet of things: loT) lumsdieslesgunsaididnnedind iuszuuiaietiedumeside
yiluyudannsadinismuaunisldnugunsaididnnedndmaduldvniivnina wu nala-Javasali s
a-Daszuui nstueangunsalivumes (esmsen, 2563) Insrhudenanslulasnevlnsaians (Microcontroller)

Fadudndszuranaviand s daundnuieviaiouauesveyuwd a1u1sadaulusunsuii oaruaue
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Input / Output LiledanueuaugUnsaling 9 (@356, 2559) wazunuszgndldnulsvainmats Wy nsaunu
sruulihluuUasin nismunugamailulsadou nsdntduaiuliluasnuns

nfinanaan FslsvihmsAnmmsimuilsadeumzgniinussuggiuuuussuuln dWemuauaniwiindey
TulsaFou lnedfnguszasdmsiderfioiaussuuamuauanimuindenlsafoumnzgniinunssungiu ngld
szuvanenadaialeled uasAnwdununisndauarsigldannsnzugniiaussuggiu tneldssuuaunu
anwndenlsaieu dslunisiaunszuuamuauanmwindesmnzugnifaunssuggiuazdnisniunugumgd
AT B1NA uazLAEIe Ailaumnzay Lﬁyaﬁiaﬂ’mﬁfglﬁuimmLﬁmmwquwu v ldanuanainisgus
winuazdsldnandnannamzugnifinifinanimuazUsinngs Wunaliselfvesnsauiou Mihnsmzugniiia
diniy

o

Y89 aunsal uarddnis

1. Janaunsal
1.1 NodeMCU ESP8266
NodeMCU ESP8266 fie uasa Arduino fianunsaideuseiu Wi-Fi ¢ Suilimsnglunninnidou
Tandsaslluvedn ievihmihfiruaugunsalsing q feglulsadeumziiia amnsauanaauazldauls el

NsWeNsany Wi-Fi Lansisgun 1

3Uil 1 NodeMCU ESP8266

1.2 Wuwesingamaiinarauiiu SHT20

WuwesTinaungliuasaiudu SHT20 Tagamadld -40 61 125°C ArAuLug +/- 0.3°C in

U

Aaulel 0 fis 100% (Relative humidity) Tusssulyifinlg 3.3v fa 5V Weusauuy 12C uansisgui 2

JUN 2 WuwesTngamgiuazanudiu SHT20
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1.3 S1a¢ (Relay)
3iad Ao aindinretsasuuudidnnseind Ineldndnaisvesuawanlniy azvheaudiedinnsdnelly
aufmuarilianesde Welidinssielidnlufsgyiliiniaesta ilieunsallwihldsad duainduuly

U UaneasgUR 3

€aN
[
=b
W
ad
2
[a52N

1.4 99u0ad%h (Liquid Crystal Display: LCD)
Joueadi v Awanmanignmgiuazanuduvedlsuieuvundesauau wanadudidnysnudes

W 98 LCD vu1a 16x2 vianefishu 1 uad ddadnusldld 16 f waviivisnun 2 ussvinlildanu wansdagui 4

3UN 4 90U0a%5

1.5 uneaila (Cooling pad)

¥ '

o = ° v oA A v o o o o v o a
WSS9 i ileanniadudaiuin ndsnuanuseulueiniasgninluldluniswisuanugves

Wlinanewdule viligamafivesoinisanasun wanenaguil 5

UM 5 wneSeils

1.6 finaugnenA
Wnauaaene vimtflunisssuigenianiglulsuseunazininNnee 1N AN LMK TR liaUSy

gamaiilulsasoulinemunzunnisasyiiulavedin uanwiagual 6
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3UN 6 Winaugaenie

1.7 Uuidh (Water pump)
Jut idsln 60 Todl vimnidalunisgaranndainuy Junriuwnedsils Tdndnnsviawudussuy

U Inashuwssdarsiag lnanduludaduininudeuaduiuly wansiaguil 7

v

3UN 7 Juh
1.8 lw@uassine (Solenoid valve)
lefiuogdands 220V AC vwa % 17 vihwmthide-Uaun Addudaimiunueniieangungluaziiia

AuTunelulsuseu uansdsgun 8

3UN 8 lodueenindd

1.9 adnTanIIeITunaIs (Switching power supply)
dnganaesdnnany 12V 5A 60W vimthiuUatusaiulninnssuaadunfinssdiuas wu 220VAC I

Duusaiuluiihfisiusssiusi 12VDC 5A 60W LLamﬁquﬁ 9
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'
a a

UM 9 @inTamnneidnnay

1.10 Arduino IDE
Arduino IDE Aelusunsudililunisidouldndsadluuesn NodeMCU ESP8266 Lit oAUALINNS

Maugunsaling 9 aglundesmivay Lansissun 10

Arduino

5Ui 10 Arduino IDE

1.11 Blynk application
Blynk application fie TUsunsufimuaun1sinuvesssuusmglnsdnisieds lanniivnnal awise
muAuanmuIndeunelulsuseuld 2 szuufie 1) szuudnlud® (Auto) 2) svuumuaulaegldeu (Manual) uans

ﬁqgﬂﬁ 11

New Project

24

Community

gﬂﬁ 11 Blynk application
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2. /MY
v L= 3 L4 v a aad o a a v
sruumUANANIIngeNlsus U zUgninunesuggu Wneldssuvaneinatlialeledl I38anTuNTIY
A1UTUMBL ADDIE model (Gagne et al., 2005) 5 Tunau #adl

2.1 n1531A5129 (Analysis: A) Wuduneudnwiaudululdannisasiuifneigaiu daunvi

v o S a & ° 1aal d' v o A =
A ladulymiindu dilugisnisudledgm ienevaussninudesnisvesdldu iednwiwas
AwnsrginnudululdsenisWauissuuaiuauaninwindey wazvuiaiimaizaulunisesnuuulsaiou

WARIAIFUN 12

\

(n) vsudinwey 9 () W SuinnaLiie?

E‘Uﬁ 12 ﬂ?iﬁﬂﬂ?ﬂﬂ’]uﬁULﬂ‘HmiﬂiLWﬂ%Lﬁiﬂ

v

a

2.2 nM599KUY (Design: D) Wuduneunisesnuuulsudeu Weuidgymniswiglgniialu {35013
g . I 1
PONLUUTUABUANT 9 Fesialull
& A o < o 2 co
VuURaUN 1 miaaﬂLL‘U‘UI‘NLiauwaﬂQﬂmmNiqum meglusunsuaindaw (Sketchup)

WanaRagui 13

(n) USImunLNLS S au () UShaumunaalsasau

JUT 13 nseenuuulsaiounizlgniiaunssungu selusunsuaingsy (Sketchup

TuRdUN 2 N1588NRUUTUABUIT (Algorithm) aLlsulusunsuaiuaAuanInkIndaun1ely

TsaSeuluguuuudaneiiy uansdagun 14
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Budy

nvaeuloulvindulnuaseld Tiviolsl

oy Tivihaulnunesls

Furgaumillddauys (tempest)

nvaeuoulyigamginnniniivun lovielsl

&l Wiinauuaztudhszuutnu duvhou
&lalls Whinanuasduthsruutinu negaviay

enladle Tivihaulnuawuuug

wanskalnLn Aol AANLTY vumintelead

FUASV9Y

JUT 14 Sanesfinvesszuulusunsumuauanmandeunslulsuseumnziiaunsun g

& a v a 1 % d'
YUHBUN 3 ﬂqia@ﬂLLUU?ZUUV’]Q‘UQN?{J’]'}WLL'JWaalIﬂ’]EJSLUI'J—QLi'l’JULW']%LVm LLﬁ@Qﬂ\‘IEﬂV} 15

& Zs s S
w%maszaqmqu.a:mw%% SHT20

WAAVQADINF 2 62

Jusin

vosalugawdas AC-DC

> % 2 =
> §ﬂ| RELAY 4 CHANNEL

1%3%9942132 (SOLENOID VALVE)
V%16 3/4 %2

JUT 15 szuumuauanmndeunglulsusoumziiaunsug g

Tunaufl 4 nsudnni1sinulaesinresszuuaIuANan nkIndounglulsuieumiziia

JULUUY09 Block diagram uanafaguil 16
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X;
(220v,12V, 5A) A2V BV, 20)
5V
Cooling
System
o (Wiaau
sv — (RELAY 1) > sHny
a0 1,2)
or Water
e (RELAY 2) —_> pump
P
Humidity & Temp Sensor NOdeMC U
tshzo) — ” |ESP8266
oP ”
— > (RELAY 3) 5 | Solenoi
Valve
o
— (RELAY4) —

Button Control

JUT 16 nanmavhnulaesiuvessuumuatanmandeun g lulsusaumNzIiauTuN g

2.3 nsWaun (Development: D) Wudumousidunisauiildeanuuy wusidnsimuisandy
2 Supou 1éud
fupeu 1 nsasdlsadoumuildeenuuululusunsuaindsy (Sketchup) lnelsadeufiauia
AN 4 LUAT NI 2 LUAS g9 1.8 mg 16 wdnvuin 2 ‘ifa WU 15.2 1UAT Lazlndnwuin 1 ‘ﬁu’g 91U 25

wns TunsasialsaSou uaneiagui 17

JUT 17 rgunanafinlanasifsanaiuiuasainnieuenlsuseuin

v
a o

Tupauil 2 N1sinngUnsal NMsWBUIUIAIUANTEUY Lagn1sUsELuUsEANSAIMUDITEUY UUINIS

)
v

° a @ o a
ANUUNTDDNLUU 2 T28% AU

Seaeh 1 NIAARINADIATUAN WAZNTNARBITTUY LLamé’]’qgﬂﬁ 18

() nAaBITTUU

(n) findanaesAIuau

UM 18 NM1SAAAINEBIAIUAL UALNTNAGDITLUY
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seed 2 N1sUseliulsedndseuu iusedudszansnmuesssuuauauaninwindeulsuiou

wnzUgniiaunssuggu tneldssuvauesnailsdaleledl andidesmgdiuau 5 v Ingldsuuuunisussidiu Black

'
&

box testing Faduinsosiionisnaaeulnefilifesidiuresnis Coding, Programming %504 9 NIogAUna

]

N5 lUTLA ST UUNU ¢ (Mustafa and Khan, 2007)

2.4 n15afiun1s (Implement: ) lunsanfiun1s3deluasaldl iWunisneaedagldiiauissuggiu
F1uru 600 Aoy vinsnaaenduszeziian 4 ey lnen1s@iny gamgl AUTY 91NA wazuasadng Tmunzay
U a a <@ a = v v @ 1 ¥ L L= <@ 1 ]
Aon1ssgiulaveuiinuesuggu In1sAnwidunuieswdinnedeu maiwulsaioumizidia arlwil (mie)
wazn1siuieImandnsetu iiethundnssiuazasudununisndnuar melsvedsusaumizgniiaunssuggu

Jusvezioan 4 e uanwiaguil 19

S

(n) M3aseyAule (V) ANUYNIVDIADA (A) VUIMYRIADA

JUT 19 JUnmsznaihmamslgniialulsaeuniunuaninwindey

2.5 msUszfiuna (Evaluation: E) ldvinisiasizidunuuazsaliveanauissuggudussezion
4 \flou nszuumUANdNNWIndeulsaSaumnzUgniiaunssug gy neldseuvanesnaledialelefinldwmundu

wagyhmsagudunw/sgldseieu

NaN1578

nsimWITEUIUAIUANEN IRdoulsuTawIzUgnauesHg gL tneldssuvananailedaleled lawaun
sruvanenaisiileled uazfndudilunmelulsasoumeiinussuggiu Ssgunsalmununiglussuuiinisineu
murdedeuadly irulusunsy Arduino IDE waaefagufl 20 wazanasanIuaNnI13vaILuL Blynk application

Tulvius Auto/Manual LLamﬁﬁgﬂﬁ 21
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uAuszuunely (v) NABIAIUANTTUUNYUBN

(n) NavIA

3UT 20 szuumuaunglulsaiounizlgniiaunssungiu

(n) szuveald () SEUULUUUIA

Uil 21 wanan1sviieruuu Blynk application Tulvisn Auto/Manual

UsgdnSamnisldnussuumuauanimuandenlsadeumzugniiauissung Ingldszuvauesnatlsialeled
Taefidevigy wudh Ussavsamnsldaussuueuauanmwindoulsafeumizugnifiaunssungiu Tasldszuy
aueanailsiloled Tunmsmauamuesszuvegluseduundian (X=4.50, 5.0.=0.50) ilefiarsasnduses
wuin shumsvhanulduileidunuvessyuy fAedeuniian (X=4.80, 5.0.=0.45) sesan liun Fuadude

fonslesyuu (X=4.60, 5.D.=0.55) uazsusnwianulasaievesszuulni (X=4.40, 5.D.=0.55) fam15199 1

A15197 1 wan1sUssliulsedvinmszuumuauaniniandenlsuseumnzUgniinuasuggu Ineldssuvaues

natladalele?t lnefieivgduau 5 v

1M TUTEIEU X SD.  SEAUAMAN
1. snusnwianulaeadevesssuuliihniglussuuauauaninwinden 4.40 055 il
2. FURSINUANUABINTVOIH TN UTLUUAIUANAN INING DY 4.20 045 1N
3. shuvhaldmuilsddunuesseuumunuaninwIndes 480 045 uniiae
4. uaudieran1slduTEIUAIUANAN NLIAG B 4.60 0.5 uniiae

34U 4.50 0.50 mn‘ﬁqm
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nstuiinmsesyiulavesfinusugguimizgniulsaSeuiiinnsmuavanmuindeulseseulagldszuy

avewmnailedaleledl Instufinteyanaenssuziian 4 ifeu fan151ei 2

= o = a a = < o Y =
A15°99 2 wansnstuiinmsesydulavedlsaioumeUgniiaunssuggu Wneldssuvauenatlicleled

. s , .,
- ¥ . . . 31wueen B A NAlE vune 3 s1¢/la5au
, UNNI LadY AUTUAUNND L4 YDILIR/ - .
WauUN - 4 RN - UIN/LFoU Alansuay 100

GNGRIL B ER)) 1288 (%) » DU »

nON/LHDU - . (1178) (Um)/\nau

(Alansw)

1 30.06 - 34.00 77.00 - 80.00 600 60 45 6,000
2 29.78 - 33.41 72.05 - 80.00 620 62 42 6,200
3 29.50 - 34.00 73.10 - 80.00 640 64 42.5 6,400
4 29.20 - 34.00 72.05 - 80.00 660 66 40 6,600
37U 2,520 252 169.5 25,200

s1eldsunann 4 Wou — (ALY * 3) 25,200 - (508) = 24,490.50 UM

nan1s@nwdununndnuassielavedlsaiowmizigniiaunssuggiu lneldssuvausnailadalelad

o a
PNMITNN 3

A1319 3 wansfununsEAnLarTeldvasnswzgniiaussugg Ineldsyuuatenatluinleled szezian

4 \fiou
Auulsauseu sunuiouin AUYUTI s1eld
(L) (V) (V) (V)
Foudl  dUanid 11,500 _ 11,500 _
- 4,800 4,800 -
1 - - - 1,500
2 - - - 1,500
! 3 - - - 1,500
4 - - - 1,500
5 - - - 1,600
) 6 - - - 1,600
7 - - - 1,500
8 - - - 1,500
9 - - - 1,600
5 10 - - - 1,600
11 - - - 1,600
12 - - - 1,600
13 - - - 1,700
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14 - - - 1,700
4
15 - - - 1,700
16 - - - 1,500
U 16,300 25,200
e lvainduy 8,900

£

wemn : (seseuiiongnisldem 4 U uly)

A15anUsIENa

n1swAILIsEUUAIUANANINKIRGsulsuSauwIsUgniiauIesug g tneldszuvaneanaiadileled
Tagandunisidoniudunaures ADDIE model 5 dunou Usznoudas 1) n133LAs18% 2) N1300NLUY
3) Msiwun 4) N13aEun1g uag 5) nsUsziiung srvuavaNdanImkIndeulsusowmizUgniiaunesy
a5 Iefinnsussidumuszansainvesszuulaefifervigy wan1suszifiu wudn Uszandaimnisldany
sruumuANanmndeulsudeumzUgnifiaunssuggu lunmsinauamuesszuvegluseduuiniige
Faaonndoauidoves 1uiTores oswITal Wazamy (2560) uay F3ANA wazAmy (2561) Aldn133de
AeafuniseenuuusasiaunszuUAUANg U iuas ALt Uil zaudentsiaiyivlnveain dany
Hgyminandnvesnisugnimziiiansdoonnenldainane s1ainaniwgungivazainuiuveseinie &1
TsafeumizUgnanunsamuaugumgivazanuiuld Winfaseennonetsasiane

Tun1siasvidunuuazselaiiinanimzugniiinuissuggiu lagldszuumuauaninuinden
lsuSeumzugnifinunssuggiu Wussesiian 4 iew wud ssuualvananInwIndeulsusownizyan
Winurssuggu Aldfauty assuddlsannamzdgnideduioud 3 war Weud 4 lufluilsaiou

YUINAIIUYN 4 LUAT N9 2 LUAT G} 1.8 Lung
unay

Tassmsideiidunsiidunsiaunssuumuauanmundenlsafoumsugnifinunssugg Tagldssuy
avosnailaalelof i dunsiaunssuumud unauvas ADDIE model 5 fumeu Usznaudas 1) msdiasgy
2) N1388ALUY 3) MSHAILT 4) A5AnTunis uag 5) N1sUseiliung nan15Useiiiudsedninmvesssuu nui
UszdnsnmmsldnuszuumuauanimiindeulsaioumzUgniiaunssungiulunmsu auninvesssuuagly
sefuIniige LaznsilesgiduuuazmeldfifaanmzUgnifaunasuggu lasldszuuauguanmnden
lsufoumzdgniiaunssuggudussesingt 4 Weu wudi szuumuananmuindenlsusaumizUgniinuiasy

09 AlTmnIuEuEnlsnnsunsUgnideliadiioun 3 wag weull 4




] ]
a LA

MsasnunsAtanstazivalulad | U7 4 atuil 1 unsieu - ey 2566

WONENSD19949

wiar Tudthunmd. (2561). TsaSoumnziinuissy muauanimenmaslusi@. dudle 10 natau 2565.
https://www.technologychaoban.com/bullet-news-today/article_88891.

A9fnd vleady, qaney Wivimg uazdgans vzde. (2561). msuszndldimaluladlolefimunumiindandesly
TsaSeumnginuadin. 1sansivinsmsdanisvaluladansaumeuazuinnssu. 5(1): 4-8.

a93k Auiws. (2559). mathunelulaBgaaminssuge 4.0 wssgndldturhfnumsuuadn. InerdwusuIyan
UI33INAWUaeIa @191U3M133500 AMTUIINTTINT UM INeFEnNYAIAIENS.

aINTIU ALTY. (2563). Sumaiﬁmﬂaﬁiw?ﬁ. Fuidle 10 MaAL 2565.
https://sites.google.com/site/eportorra/home/tdformanagework/unit2.

DIWIT WA, T WNFUINA Uazalgna suIsana. (2560). n1seankuulsuioud msuaiuAugumnai
waraudu lnglunaluladdumesidnvecassnds ieduasunisnzidondiauase. 215813013
ozhazmalinfnyl. 7(13): 87-97.

Gagne R.M., Wager W.W., Golas K.C., Keller J.M. and Russell J.D. (2005). Principles of instructional design.
Accessed 10 Oct. 2022. https://research.com/education/the-addie-model.

Mohammed M.F., Azmi A. and Zakaria Z. (2018). loT based monitoring and environment control system

for indoor cultivation of oyster mushroom. Journal of Physics. 4-8.

Mustafa K. and Khan R.A. (2007). Software testing concepts and practices. Alpha Science: UK.



MsaAsnERsAtansuazinalulad | Agriculture and Technology Journal

U7 4 avufi 1 uns1An — wwew 2566 | Vol.4 No.1 January — April 2023

Received: November 7, 2022; Revised: January 18, 2023; Accepted: February 13, 2023

nsnannugiuviinvasndglinwauueudagnuauiundleliiiviningou
nssenvaamingnuanluaninuasaide waznsisdnvasdundaelsignuau
Interspecific hybridization of Phalaenopsis hybrids with
Phalaenopsis cornu-cervi (Breda) Blume & Rchb.f., hybrid seed germination

in vitro and the growth of hybrid plantlets

wu 3! waziiniassal Inlaninal’

Chhen Chin! and Nipawan Jitsopakul!®

Pazinwasmaniuazalulad unineraemaluladsivaseadaiu Inenvagiuns siminguns
Faculty of Agriculture and Technology, Rajamangala University of Technology Isan Surin Campus, Surin Province

*Correspond/'ng Author E-mail Address: njitsopakul@hotmail.com
o/ 1
UnNAnga

nsuauiugnaglivauueudagnuannendviuindmdes wazUndvuy lnenaudiies naudiunen uay
wavdwiafundaeliinnnssouiifasuunduaenuandratudeile vanua 7 guaw asnsonanndasliignee
161 5 Awaw Anndudesaz 71.43 lnaiinannisuaudiies $1uiu 2 guay n1skaudiunen $1uu 1 ¢ waskaudiy
viln 91Uty 2 Auan engilnunvesndaelifgnuan ade 105 Yu vdsnaauiug dndvuiaedening 1 wudins
6717 5.7 Wwuins 1Inn1sAnwinissenveasdngnuanluaniniaonide wuth wiandaelsigneuau 5 guauannse
QaﬂLﬁaLWWSLgEN‘lJuE]’]W]‘iLL%GQG]iﬁ’@LL‘UEN Vacin and Went (1949) fiiutuzninn 150 faddnsdedns tnna
20 n¥usteding U3u pH 5.2 mzdedluiifin fgamgfi 2542 ssrueaidon 1y 13.6 Yu uazluslanosuaunse
igduiy e ssuuomisudagnsdaudas Vacin and Went (1949) fiiuiugning 150 fadansnedns
n&1emen 100 nSuADAAT YA 20 nSURDANT MEU 1 N3uReARS LAz pH 5.2 wwziasaduiaan 120 Fu
flgaungdll 25+2 ssmeaidoa uas 16 Hluwiotu Wedhedundndaelignuauiis 5 guaudgnlulsaieu dnns
sendindoray 100 dvadly vuwievedly waganugevesuiudu arudiiavesnsuautwedasevinsmon
néeliuauueuTagnuaunonyninimdes wazuinvamiuiousyndeliivininseoud udundqelilne

[ < v 2/ =3 14
aunsanaundunaiglinszansvundnle

AdAy: Unmdes Unnvuy fewsey dn Tuslaaesy



] ]
a v

MsasnuRsAtansuazivalulad | U7 4 atuil 1 unsiau - ey 2566

Abstract

Pollination of Phalaenopsis hybrid white with yellow and pink lips using self-pollination, cross-
pollination and interspecific hybridization with Phalaenopsis cornu-cervi (Breda) Blume & Rchb.f. using two
types of flowers in different colors and pattern on the petals by hand-pollination in total of seven cross
combination was investigated. Result showed a total of five orchid hybrids were produced about 71.43%
including two orchid hybrids from self-pollination, one orchid hybrid from cross-pollination and two orchid
hybrids from interspecific hybridization. The age and size of mature hybrid pods were 105 d with length of
5.7 cm and width of 1 cm. Hybrid seeds of five orchid hybrids were germinated into protocorms on modified
Vacin and Went (1949) agar medium supplemented with 150 ml/l coconut water, 20 ¢/l sucrose and pH 5.2
about 13.6 d after sowing in the dark at 25+2°C. Protocorms of orchid hybrids were cultured on modified
Vacin and Went (1949) agar medium supplemented with 150 ml/l coconut water, 100 g/l banana, 1 ¢/l
activated charcoal and 20 ¢/l sucrose at pH 5.2 for 120 d at 25+2°C under light condition for 16 h/d and
the protocorms developed into plantlets. Plantlets of five orchid hybrids were then transplanted into the
greenhouse for 30 d, 100% survival was found, leaf color, leaf size and plant height increased. The successful
interspecific hybridization of Phalaenopsis hybrid white with yellow lips and pink lips with Phalaenopsis

cornu-cervi (Breda) Blume & Rchb.f., Thai orchids can develop into small potted orchids.

Keywords: Yellow lip, Pink lip, Pollinia, Pod, Protocorm

UNUI

n&awldfiulinenludsafisndndasld (Orchidaceae) Aifinswaniusinundin wasdruanaunigangumis
Uszinalnedeldinduunasifindaeliivainvateviin wuussuna 1,121 wda nszaneegiauszime (Thaithong,
1990) Usnalverduunasudn uavdsoonndrelsidusususureneids fufunsuiulgsiugTedunumardalu
Frumsimunaneitugndaeldfendlrtanyuzuanivel unndaainiu Rilududsu sunss nsaennennaead
LaznIguainufiie ileneuaussderudesnsvesuilan (wms uazany, 2563) BBnsusuuseiugndaelsl
fanansavirldiefensnauiugseninsenildidusuusiiug fudeusyvesnendliilusunoriudieiio ne
anudnalunsuauiusndeliifieusuuseiug Ae nsdniln uaznssenvesndndudugou uslilesnudn
nagliifvmnaan adneradu wazaglumdnlifionsazan (Arditt, 1967) viTlillonanissenlusssumAmdulule
fosunn vieliasasenld fmuisnsilinsueeiuindelinnuiulsstuslasmananiusausorldlag
nMazEauue T A seflnzadluanmuaende aunsoveneiugndaelifldnaondied Tasems
wnzidei Touldlunsinzideandaeld A ans Vacin and Went (1962) (Zahara et al,, 2017) uanainiinas
Usuusaiusnéneliidaduniseudniiugnssuveandaelsl iedliigapiug suilosnanmshndelithue s
dlivhanetn madadwhudeundu nafeli waensennslaniou

néoliananiuaueuda (Phalaenopsis) fauddaluuauieeny Tusenidels wazvyinizlusmayms

WUBHN WU UssiaflauTud vesiden 991 guins1 unade aenflvwindn wielvguiudnvasvesiug ndqeld
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anavuaueuTaduiifenthunldlunisusuugeiug lutiundeslgnandundisldviuaueudagnuauiignuas

v ¢

fug warUiuugsiugauinlimsnuisgunsanen uardvosnen lasaennaslvg) nduvu fuated wy o1
Fuuy Amdos Auresnd manzdwmiuinuady duniseennenldnaiste uraziugesnaendadoudy
néelsanavuauoudaluszmalnefiontunldlunsuuusetug fe winanseeu (Phalaenopsis comu-cervi
(Breda) Blume & Rehb.f) L psarnifundaelaliidaenvurndn eennendte venmenaaeniisd (algn, 2548;
AT, 2550) nendidwdesansuns vseunsmenidudindedifiane lunswauiuddeuldndreliivnnedeudune
wiug uitagtulinussanunsindeliinnningeuiiiuaeaidenvesiugndrelivnlnemnlflunsuauiugiv
néwliwuausuTagnuay fafuinguivasdrosnuitedifeAnwanuanselunisauiug msdeiln nissen
vouudngnuanuuesinaTeiluanwaenide wardnuuzmeduguinewestundelianuauiiAnannnis
wafussEriendelivhuauueuTagnuaunenyiiuindssiudundaeliievnnseeuiifiansuundunensieiu

dierduwuanislunisiiauw wasndandigldgnuaunszansuunndn

o

Y89 aunsal uadsnis

NYNAGDY

néelilalunsnaniugiilondngnuay Tiun ndrelivuauusudagnuas (Phalaenopsis hybrids) aon
dv1 finddunnsredy 2 & fie Unnimdes (UA 1) wariinvuywieuns (UA 19) nausdedingn svamuild
gunawlesasuny uazndqeliiwininageu (Phalaenopsis cornu-cervi (Breda) Blume & Rchb.f.) finenid way
ABUUNFUABNLANANNTY 2 WUU AB 1WIN19deuIUes 2 aenduaudunududaaudunduaen (U 1a) waz
ndeliflvinanageu wed 3 nenduauduas udvuiauauduaadn uazaa (UR 19) YgnlulsaSoundaeld

wvedeinalulagsvaseadanu Menengsuns Jwminasuns

nsAnwANuasalunsantnlunisuauiugszudrndiglivuauueu@agnuaniundaglfiivininegou
ndelduauueuTagnuanneninivinviios waginvuy ynsuauiaes kaud1y wasnaunduyiaiy
néwlifilunninegou wes 2 uazives 3 Inevinsiiudeusyvdsanaenuiuduiiidung 2 Yu msuaudies
vilagihdeusansuusunasidislunenifediu diunswandusesidousyesnanaeniléifudaudonou
vhnswaniugiedesiunsnandies wdihfeusyannoniidosnisunsuusanasiufisveanondifosnns

i o YA

Hauug ihdeu@eudoudiug (aen) x Werug (owsay) waziumeulNinisnauiug vinswaunmue 10

]

o -

Awax (113197 1) Ingdwueeniililunsasauanlivingy Wesnduegiviiuneniviuluusasuuy nden

U

waniugunan 90 Tu Yufinfevaznishiniln engilnun vunniln wagduauiuiisen

nsfinwa1gvasiln vwavesiinvasndelignuan uazimaavaindaglignueau
deilnndrelignuauvasunndilendudindessou Juiinengueaiin wazauiaveaiin (1313 x 817) wazih
nsWinndaeldivnniegeu wavruwauueudauinmies uazunsuygnway udnihwdedeanielindesqganssay

idsweny 40 Wi (audlndm 10 wih x laudlnddng 4 wih) wWegwuuslenegluwbandqelignuay
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< v ¥ a v 1 g
n1sAnwn1ssenvasuaanaieliignuau uazn1siasyvasdudauluaninlaeniie
Winndreldgnuanundauinnuis duima wazusnufidandunenesn 4199811818199 Wiendndu
wazdsanysnunaRivesinndisld anuuasilindaeunyseunlnaniu iedsinendsaueenaininaunseisiln

o

azon whilnguluneanesed 95 wWesidud \Wunan 1 wiil udnhlviulinesiieaweaneged weddeiifailn

v
U w

ndudndnameny dnudamizidesuueimsudgnsaauuas Vacin and Went (1949) fivfinuiuzndin 150
fadanssiedns Uimia 20 nSusedns way pH 5.2 wnetdedunin gaumall 25+2 seriwadya Juiindiuauium
wangnuawseniduluslaresy anludreluslnpesuumnziiosunemsulgnsaauuas Vacin and Went (1949)
S a % % a aa I a v v 1 a ' v 1 a H v 1 a

MAUUIUENINI 150 UARANTHRARNT NAIYYN 100 NTUADAMNT HIDTU 1 NTUABAAT UINIS 20 NTUADARNT WAL
pH 5.2 wnzidesfigamgll 252 sarugaded Iiuas 16 Filuwiodu iednililslaresuinundueen uazsiu
Aflsnanysal vinsdmdenduiiauysaliiielddnwdugiuingd wasn1sasyresiundelianuanluanin

FITUVR

nsANEEUNgIUINGT wasn1sRsyvesdundielignuan

ihdundaelsignuauiifieen uazsnauysal gauszanm 1 wufwns §roasemslvaigasdauuas Vacin and
Went (1949) fiiuimgnin 150 fedansiodng ndaevion 100 nfuredns uaz wedu 1 nfusedns dina
20 n¥usiedns USU pH 5.2 inzidsadiunan 60 fu wdéhendelieenainuin lnedsemsinzdsesnainsin
ndeliilinun wavdreeanugnluanmlsuieunisuen 1uian 30 Ju 1unun1saaeIwuUg Nany ol
(Completely Randomized Design) Insgudundaelianuansiuiu 3 1 9 ax 10 du Sufindosaznissendin

Augvesiundy Innuluedy anundsluede anueiluede Inunneiy Laranuenneie

(%)

3UT 1 ndaglidivuauusudagnuaunenvia (n) inmdss (1) Uinsuy (A) ndgldivininegauiued 2

U

wae () ndrliliunniegeues 3 Wieldluniswaniug (@wna = 1 wufung)
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nsAATIvidaya

TATIENVBLAMANULUTUTIU (ANOVA) UazTias1eiiAuuang199asAady 73833 Duncan’s test 15U

ANILTRNUSDEAY 95

NAN15998 WazN15eNUsIUNE

auasalun1sindnlunisuauiugsenirahuauueu@agnuaniundaglfiivininegeu
nmsindrglinuauueudagnuaunanyaUinmaes wasdinvuyiNsnaNaales waskaudiy J1uau
4 guan wagnaniuvdadundrgliivinisgeuves 2 (renfunvdunadudaauaundunen) waziues 3 (nend
LOUALAY UATWIALAVALABAN WA¥D1R) S1UIU 7 ANEN HANTNABINUTT anunsorauiug uasfninld Tauu
6 guay Andusosaz 92.06 lasiinannisnandatoswesndliivuauueudagnuaunenynuinmies (g4 1)
wazUn (471 5) S 1w 2 guan nswadwszrinemenndelivnuauueyTagnuanaenv N uReulsy
vosndglivuauueuTagnuaunonv1itinmdes (471 6) 1wy 1 guan wasmsaandwsdadufousyndels
wInsgeues 2 (rendluavdunadudaieudundunen) (g7 3 uased 7) uaz wes 3 (Aenfiuauduns usvuin
nauAuAadn uazan9) (g 4) $1uau 3 guan guaniinnuanansalumsinilndosas 100 nINMSNANFILE DS
nenndgliuauueudagnuauasnyniuinvuy (47 5) mssauduszrinnenndelivnauusyagnuannen
ynnumiuiousyvesndelivuauueyagnuaunenuniuinimdes (g 6) nenndelsivuauueudagnuas
oy nmdssiuiousyvesndsliiivningouues 3 (renfuauduas usvuiauauduaadn wazans) (47 4)
wazgnanndlgliuauweudagnuaunenyaUinsuniuieusyvendisliivininesuues 2 (nenduaudunddy
Farouiundunen) (g4 7) druanuanansalumsaniinvesmenndieliiuauueyTagnuaunonyiuinide sue
fates (A 1) waznanduiousyvesnenndrelifivininssouiues 2 (nenduavdunadudaauiunduaen)
(A7 3) Anidufesas 85.71 uar 66.67 mwd1du annsmaasdlinunisAniinainnisaanszninsaenndaelsl
WuauueUTagnuannenynUInmdswauiuieusyndeliniuauueudagnuauaenyiaUnemy (15 1)
91NNINRADY WU Fesaznisiniingn vieldAnilndeddadeifinadonisnaniuguosndaslsl 1iun szezanly
MUY AMAIN LazANLALYSaiveInen ATTTIn wazervesnondaile uazinasiagililunsuausiug (Zhang
et al,, 1993, Proctor, 1998; Parton et al., 2002; Song and Tachibana, 2007; Kishor and Sharma, 2008) uanmm’f
fstuagfunislidniuresdu (Shiau et al, 2002) Tnsenaiinnishniinlurrsusnudaanuauiug usiinliause
vl 1esnndelildnauiusiuduruazaln fulfievegluanaieaiu lunsimurvesiinaunseis
anysalfatusgsuanmgdenna anmindoufiduuiiugiosy werauudusmosuusiiugildlunsuamsiug

wszduwrasndnaimsiiedsiuldlunsiaunveiudn

219vasin uazvuavasdnvaindielignuan

a1gvesinvesndrglivhuauueudagnuannanuniUinimies (@9 1) wasuinvuninaudies (AN 5) uasnay

GrunenAUNTAASTU (A7 6) BTN 90 - 128 Fu (1151991 1 U7 20 2A wag 29) 1y 105 T4 Hndlvwianing
Wiy 1 Wuiwes 813ede 5.7 wuiwes Wewieuiisuegidnuniiinannisnausiies wasnauduvenen
narglivhuauweldagnuaunenyaUinimdesiuieusyveindeliivinigeuves 2 (renfiwaudunududaiau

'
1

Wundunen) (@7 3) waziues 3 (renfluauduas wivwiauauduasdn wazen) (@7 4) Jorguinniinisldaen
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s , 1l

narglinuauueUdagnuaunanvridinvuylunisuauiug (@7 7) lagergdnunfilinainnisuaudilesvesnen
ndreldviuauueUdagnuannenvauinsun (@9 5) wazndqeldvuauueudagnuaunenviuinimaes (A 1)
&Y 97 wag 128 Tu aua1du (il 29 uag 29) drwengilnunainmsnaniugseninmenndielivuauneuda

Unsuyiuiousarendeldiuauueddauinumios (671 6) 90 Ju (m131901 1) Wievhmsiavuaiinud wuii fn

it}

MAnINNIsHanugies (g9 1) vienauduasnvendiglivihuauweudalinvuny uasUnmies (g1 6) as

9 U

v v

yualug nIEniiannswandurinsenitnenndlgldniuauueudalinnies wazUnvuyiuiaus

2

naglfiluinineeeuues 2 (renfusvdunadudaauiundunen) (A7 3 uaz 67 7) uaziues 3 (anfluaudung us

= < ::4' v ' ~ o v
YWIALAUFUALAN LAz (A7 4) laegdnannisuaudrusgritemenviuauueudalinyuyiunaulsaves

vuauusUTaunmdes (g 6) Tvunslvaifian fie n¥19 1.4 wuRwns waze1 9 lwuAuns so%awn A in9n
nsuaufeesLAuLUTaU WD (g7 1) fvumilnndie 1.1 wufams wazen 6.0 iwudiums
a1ginunanmsnandusiinsgnitmenndieliinuauueudagnuaunenvrUinmiesiuieusaesndlgld
wInnsseuLUes 2 (enfluavdunatudaaudundunen) (47 3) was wes 3 (Aendiuauduns urvuiauauduns
VAN wagana) (ﬁj‘ﬁ 4) e 113 way 144 Yu auddy (m3adi 1 g‘dﬁ' 29 Uag 2a) WWIAHNNTIE 0.9 LWURALIAT Uag
817 4.3 Wag 4 lwufuns aud1du dauenginunannisiansenitmenndiglinuauueudagnuaunenyiauin
yuyufousyveandeliivinieeeuues 2 (Menfuavdusadudniausiuniunen) (47 7) Ae 89 Ju dndvurn

W@niign n119 0.8 WwuRwns ware1n 5.0 lwufwes Wednudandqeldgnuan vivvun 6 guan desneldndas

qanssAdiawene 40 wih audlndm 10 wih x laudlnding 4 wih) wudn meluwdendrelivnanauiiduuile

M157199 1 Fevarnsindnvendielduauueu@aluniswaudaes wasnandrudundieldivininegeu enginun
weinud wardwiiui veandandielignuansenidiomiziiosuy 81m1sulagns Vacin and Went

(1949) Tuiifln flgamgdl 25+2 ssrnivaiFea

U , .
, . . . . 21gElnun Yu9Eln vl
UG uslug Nawug aoNNE Sovay p . o
y . . - |28 (M9 x 8173 Juilsen
i (nen) (Nowsey) g nsAAEN . - .
() LURLLAT) (W)
(man)

1 uauue U uauue U 7 85.71+0.7°  128+27.6°a 1.1+0.3° x 6.0+2.2° 15+0.9°
ARIALR U Lndes

2 uauue U uauue U 1 0 0 0 0
Unindes Unvun

3 PuauueUfa  WwinneeeulUes 2 3 66.66£0.7°  113£33.9°  0.9+02°x4.3+0.4°  12+1.4°
ARIALR

4 uauue U [WIN98BUUBS 3 1 100 144 0.9 x4.0 12
ARIALR

5 uauue U Muauue U 1 100 97 0.9 x 6.0 13
Unasy Unasy

6 uauue U Muauue U 1 100 90 1.4%9.0 13
Unvun Unindes

7 uauue U [WIN98BULUBS 2 1 100 89 0.8 x5.0 0
Unaay

naee: Axauil 2 4 5 6 uay 7 dnenlunisuauiudiiosday 1 aenuwiniu
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ANRAY+SD

o

Anadsfdimsnysuanasiululnanus danuunnareiunadfededlidvdfyisziuaudenu sesay 95 (P<0.05)

IATERANULANAIelAgIS Duncan’s Test

n1ssenvaamiandaslignuay uaznaaiyvasdusougnuaulusnmuaaaita
devudnniinudndaslsignuay S1uau 6 guau nzdssuuemsudigasdaudas Vacin and Went
(1949) ffintinngnin 150 fadansredns Unia 20 nfunedng uay pH 5.2 wnidedluiiiin guvnd 25+2
samwadea nudn wasveindislignuananunsasenidulusinaesudides Wades 5 guau snviuuinainin
néelivhuauueudagnaaunenymunumsauiuieusauendeliinnigeu wes 2 (47 7) liawnsasenls
(5197 1) nsanIsmaassaziuliivdsainnswaniuganunsadniln wazamnsunsevaiinun uelale
vngANIINsHanTugarUsEaunnudse uinnud st wesnsnawiug e msfianansandnudn ua
wiaansasonduduld (Wilfret and Kamemoto, 1969) uanainierguesiindwmasonissonuoaiudn wiaan
Hnunazseniianiniingeu (en3al uazang, 2564) Sruauiuiiwdandrelignuansenidulusinneduade 13.6 Yu
Fasenldogneming onnanemsudsgasiauuas vacin and Went (1949) fnsifiuthuzniidmanszdunis
ﬁ@ﬂ‘UENLngfﬂLLaSﬂ’liLﬁ]%fQ‘U@JﬁUEi@Uﬂélﬁﬂlﬁ (Kishor and Sharma, 2008; Kim et al.,, 2015; Kunakhonnuruk et al.,
2018) Wnewdngnuanszrinsmenndagliviuauueudagnuaunenvuinumiesiuieusarendisldivininesy
wes 2 (enduavdusadudaeuidunduaen) (g 3) uardousyvendrelil winiageulues 3 (renduau
Auns usuALOUALANLEN Wazana) (471 4) fdwoutufisenintu e 12 Fu Fadnimssauiugioies wasna
Tumenveandelivhuauueuda newdedildaniiniinaudateswenonndielsl WinauueUTagnuaunenyniun
v (g7 5) wazaenndrelivuauueudagnuaunenviuinvunsaniuiousyvesnenndaslivuauueUds
gnuauaenyIUINmERs (g7 6) senifuluslanesuiiafigaiads 13 Fu sesawmn Ae wiadildannsuauditeswes
néelshuauueudagnaaunenyvinmidos (47 1) senduluslaneduiaiian 15 u
dlogheluslamesuesndaslignuawit 5 guau dssuuemsudgnsdautas Vacin and Went (1949) iy
dhugnd 150 adanssiodns ndevey 100 niusiedns nedu 1 ndusedns kiana 20 n3useans uay pH 5.2
wnndssfigunnd 25+2 ssrwaiea Wias 16 alusdetu mnsdsadunm 120 u nud1 awnsadniils
Tuslnnesuvesndrelifiinninsseugnuasiiaundusen wazadndusuiifsnauysal wednuidugiuine uay
nsaiqesiundrelignuauluaninsssund iesnluommamnedssdimaiunsniuiiogaduansdiima
fifundaelignuauydeseenuiiiosudanisiade (Kim et al, 2019) wagnsdudanszdulioamingndndae

(Prizao et al,, 2012)

o a v v v A v =
dugnuinervesdundleldignuauiiedreaandanlulsasou

dethdundrgliignuaunieeauarsinauysal 31w 5 guay Adanuasssann 1 ufiung §19a301915

U

aa

ufagnsdauias Vacin and Went (1949) fliintinugning 150 fadanssiofing ndaevion 100 nfurodng uas
Wty 1 nfudedns dinaglasa 20 nfuredns U3 pH 5.2 ingideduieanizidsuiodeiduna 60 fu
vhmsthendaelifeanainuin uddsermamzidsseeninsingnndielilivue udnhdundaelignuaude
UgnlulsaFoundaeldl uminendomeluladsvusnadany Inenemgiund deadunan 30 Tu wud gandaelsl
Wawta 5 Auaw Inssendindosas 100 (Ml 2) gnndaelianmanauiusvesnenndaelivhuauusyfagnaa

fufousayveandeliiinnninegeu (@1 2 uazan 3) duuilduiinnugavessiu Suiilu anuniiwwedy wagdua

U




] ]
I v o

MsasnuRsAtansuazivalulad | U7 4 atuil 1 unsiau - ey 2566

FINRieY UINNIINSHAENRLE (A7 1) MeraudunenveinaislinwauueUTagnuaunonv1IUININ wazUn
- 1Al v @ v o =~ 1Al S A d’
wified (A7 5) sniiunseaudiewendiglivihuauusufagnuaunanvnivineuy (g9 4) Mlufianuenuinign
N a - A o 1A 1 o g i a & Y & 1 a
WAy 2.2 WuAng (1135199 2) dednardvesluveandigliignuauns 5 gnuau wud sty wanddiiiuindnig
duasizikaniniy dwalininunite aAnuenilu weraugueuiindy 11NNI1N1SATYYeITIN FugIUIne
vossundndislilgnuanainnisnandiugnatenenuINLLLas e inaNiusiu 1wy dnwaevesddiu anuning

warAINe13lu (Devadas et al,, 2019; Sinumporn et al., 2020; Punjansing et al., 2021)
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A15797 2 Sewaznnssentin Aneduanugeiu S1wiulu Anuniidlu amnuenlu Swusn wezanuenvessundelignuauvdadnesenvgnlulsaeudunal 30 fu

Ana walviug Wariug Jogazn13ven AU uly Aty ANy UM ATINYIITIN
i (men) (fouisay) Fin (wufiung) (lusiesiu) (wufilung) (gufing) (37nsi0d) (wufung)
1 vhuauueyBaunmiios uauweyTaurnmdes 100 4.30.6 3.7+0.6° 2.7+0.7% 1.4x0.3 5.11.1° 4.8+2.4%°
2 vhuauweyTauinundes wINeeeuLURS 2 100 4.9+1.1° 4.2+1.0° 3.0£0.7° 1.9+0.4° 7.8+1.1° 5.11.4%
3 WuauueUFauinmies WININBaULUDS 3 100 4.8+0.7° 4.0£0.6° 3.1x0.6° 1.8+0.3" 7.7£1.9° 4.1+1.4°
4 WuauueuTalnvum WuauueuTalnvum 100 4.6+0.9° 4.0+0.8° 2.6£0.5° 2.2+0.4° 6.6x2.6™ 5.3%1.5°
5 vhuauweuTauinvuw uauweyTauinndes 100 4.4+1.0° 3.8+1.1° 2.7+0.5% 2.1x0.5° 6.0+1.2° 5.4+1.7°

NUNBR: ALDRE+SD

Y Y

A da e ¢ = e an i Aw o o A o 4 ¢ v 2 « . s ,
ARAYNUN ﬂwiLLﬁmW]\'iﬂiﬂ,uLLu’JﬁﬂiJﬂ UANULLANANAUNNADFA DY WU UYAIAYNIETAUAINULTDUUIDYAE 95 (P<0.05) ’JLﬂi']ZWﬂ’J']iJLLG]ﬂGI'NIG]EJ’]ﬁ Duncan’s Test
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Ul 2 iln mssenvemdn wasdundndaelifgnaauainnisaauiugues (n) aenndeliuauueyudanenynitin
Wiaewmaudied (v) nenndlgliviuauueudansnyuinimdeswauiuiousyreinalgliiiviniegeu
was 2 (A) nennalglivuauueudanenvuinmdesnauiuieusyveanalgliiviningeuves 3 (1)
aonndrgliivhuauneuTanenvniunsunnaudiies uar (1) aenndieldviuauueyTananvridinyuniu

Aousgraindiglivihuauueudanenuniuinndes WeugnlulsuSewduam 30 Ju (@na = 1 wufiwns)

unagu

nsuauiugnaglivauueudagnuaunendviiuindmdes wazsUindvuy lnenaudiies naudiunen uay
nanduiupenndildiviniessu aunsendandqeliignuanld 5 duay Andudesas 71.46 laeiinainnisway
Aesvesnadislinauueudagnuannenviuindmdes wazUinyun 311U 2 ANEN N1SHANTINTENINIREN
ndelivauueudagnuaunenviUindvundudewsyvesnalsldniauueldagnuaunonyiuindnies
1w 1 g waznauiuviaveanenndieliviauueldagnuaunaniiuindivdesiuieusyveindisldioining
] ° i < v o a & v da ¢ A v = =
gou 1 2 guan wanndeldgnaatanansaten wassaydudundsinauysal Wedeugnlulsuseu Inssen
Na v = v oa X ao ¥ Xa g o v ¢ A a
Finfosay 100 dvotlu vuavedly waranugwvessuiindy nMs3deassdiedunuimsunmsimuniug tiondn

v 1 2 alg v = vy v o ' =~ v o
ndawlinszansnuimanibinennaend lagldieusayreindleldivinieeudaiundqelding naudunen
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ndeldvuauueydagnuan Wielildneniild uazarnaisuandsluanify wavaunsatludszgndldlunisudn

néelsiBusiely
AnRANISUUIZNA
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LN
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nduldindadds. sansinens. 37(1): 27-37.

Arditt J. (1967). Factors affecting the germination of orchid seeds. Botanical Review. 33(1): 1-97.

Devadas R., Pamarthi R.K., Meitei A.L., Pattanayak S.L. and Sherpa R. (2019). Morphological description of
novel Phaius primary hybrid (Orchidaceae). Journal of Experimental Biology and Agricultural
Sciences. 7: 138-47.

Kim D.H., Kang KW., Enkhtaivan G., Jan U. and Sivanesan I. (2019). Impact of activated charcoal, culture
medium strength and thidiazuron on non-symbiotic in vitro seed germination of Pecteilis radiata
(Thunb.) Raf. S. South African Journal of Botany. 124: 144-50.

Kishor R. and Sharma G.J. (2008). Intergeneric hybrid in two rare and endangered orchids, Renanthera
imschootiana Rolfe and Vanda coerulea Griff. ex Linn. (Orchidaceae): Synthesis and
characterization. Euphytica. 165: 247-56.

Kunakhonnuruk B., Inthima P. and Kongbangkerd A. (2018). In vitro propagation of Epipactis flava Seidenf.
an endangered rheophytic orchid: A first study on factors affecting asymbiotic seed germination,
seedling development and greenhouse acclimatization. Plant Cell, Tissue and Organ Culture. 135:
419-32.

Parton E., Vervaeke I., Delen R., Vandenbussche B., Deroose R., and De Proft, M. (2002). Viability and
storage of bromeliad pollen. Euphytics. 125: 155-161.

Prizac E.C,, Goncalves L.D.M., Gutierre M.AA.M., Mangolin C.A. and Machado M.D.F.P.D.S. (2012). Activated
charcoal and graphite for the micropropagation of Cattleya bicolor Lindl. and a orchid double
hybrid ‘BLC Pastoral Innocence’. Acta Scientiarum. Agronomy. 34: 157-61.

Proctor H.C. (1998). Effect of pollen age on fruit set, fruit weight and seed set in there orchid species.

Canadian Journal of Botany. 76(3): 420-427.




] ]
a v

MsasnuRsAtansuazivalulad | U7 4 atudl 1 unsiau - ey 2566

Punjansing T., Nakkuntod M., Homchan S., Inthima P. and Kongbangkerd A. (2021). Production and
molecular identification of interspecific hybrids between Phaius mishmensis (Lindl. and Paxton)
Rchb. f. and Phaius tankervilliae (Banks) Blume. Agriculture. 11: 306.

Sinumporn P., Narumi-Kawasaki T. and Fukai S. (2020). Development of interspecific hybrids between
Habenaria radiata and Habenaria rhodocheila complex. Advances in Horticultural Science. 34:
3-10.

Song J. and Tachibana S. (2007). Loss of viability of tomato pollen during long-term dry storage is
associated with reduced capacity for translating polyamine biosynthetic enzyme genes after
rehydration. Journal of Experimental Botany. 58(15-16): 4235-4244.

Thaithong O. (1990). Orchids of Thailand. Office of Environmental Policy and Planning, Bangkok.

Vacin E. and Went F. (1949). Some pH changes in nutrient solution. Botanical Gazette. 110(4): 605-613.

Wilfret G.J. and Kamemoto H. (1969). Genome and karyotype relationships in the genus Dendrobium
(Orchidaceae) |l. Karotype relationships. Cytologia. 36: 604-13.

Zahara M., Datta A., Boonkorkaew P. and Mishra A. (2017). The effects of different media, sucrose
concentrations and natural additives on plantlet growth of Phalaenopsis hybrid ‘Pink’. Brazilian
Archives of Biology and Technology 60: 1-15.

Zhang L.X., Chang W.C., Wei Y.J,, Liu L. and Wang Y.P. (1993). Cryopreservation of Ginseng pollen.
HortScience. 28(7): 742-743.




MsaEsnERsAtaasuazivnalulad | Agriculture and Technology Journal

U7 4 avufi 1 uns1An — wwew 2566 | Vol.4 No.1 January — April 2023

Received: December 14, 2022; Revised: February 13, 2023; Accepted: February 16, 2023

n1svagavaNssauslyansaddmSuaadidndyyralnsdni

Solar cell performance for base station sites
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UNnAnga

uneuiauenadevaussausleaeadamivaandiadayaainsdng lnenisvadeuinindee
il fagauautinslaih wosndsnumesniiuivieundeanead mnszutlsavadiviinishnsaialuanni
andynalnsdnviveaguuuunisfiaie 2 JULUUAD ARdILUU 1180 6 e AU Radsuuiadnya i On Towen)
guA11nLa3 osfloTavnsliiin dhandildunduiamaausTausvessEUY (% PR Ratio) WiloviinsTeuiioy
ANTIOULVBITHUUTON 2 sULUU NKaNSTITEAUTEANSAMNYesTTUY IugﬂLLUU@@@’T’&WLmé’zyzgwmﬁmﬁﬁﬂdw

Ao 18.10 flu 17.90 LALANLRAUDIAENTIAULVDITEUU A9 91.60 U 90.60

AdAgy: NnAdaUaNsIauzlyanYad lealraduuEdynIM AMENIIIULTDITEUY

Abstract

This paper proposes solar cell performance for base station sites by testing to measure electrical energy
measure electrical properties and the actual output power of the solar panel. Solar cell performance for
base station sites has 2 type installations are on ground installation and on tower installation. Take the
obtained values to calculate % PR Ratio and compared installation type. Form results has Performance of

System (%) 18.10 vs. 17.90 and PR Ratio (%) 91.60 vs. 90.60.

Keywords: Solar cell performance, Solar on tower, PR Ratio
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Tuthgumaluladasfelmifudundonulugramnssusing 4 egrsunsuansanndy lidiasdudiuns
ALYIAY AUNTSTNIANLIAN F1URAAIMNSIY AUNTEUIUASHAR LUSTU Feuusy wasiiiulddnogiedede
deeneanuazmnTiieTesTuTinUsy s uvonsiudundauaimsimdsnuilniinanld wasuwnldunsld
wdsenlinluewamiuiiunldnduiudos 9 Fduuinsdfifinsdmdanuliinduniodesiliianms
Auddomdsnulain lindsnulniideandesy oralinedmivldluowian uasvilidudosdldane
(Suntiti et al., 2019)

dosoauualiumsldndwlindidiuunntu fddhundeaneadfiamisavasundusssumiogns
nasukaseindliunegluguuuuvemdsuluiinle Tnefianunsathmdanulniniunldauldidiviefuazan
Husuuvuuuawediiteldmendsfldiguiuy Sanuasmnauiosonisldom UssndandsnuuaslsineliAnuaiiv
mesmARoaintuannsnanlii wartierliusendnaldineludemesnisldndliinadls dresnw

aunan19eTINIALe wagfiddgydadunisimdsnufinnnnsssunanld Saduundmdnuiddguedan g

'
v A 1Y [ a

aunsaldnuszuuleangaalaeg1edsdu msesunasnuaniaeindlaenss dadundsnuuailidd funun
@Fnguany wazany, 2564) Inefuidedaiiniidy wasnaaeusvuuunmsiensssuuleanvadiialuaniilia
FyralnsdnrivesgUuuunsinne 2 JULUUAD AAALUY 1181 6 UKe AU AnAsuuadya1aii onen

UszANSAnUeeseul wavAaussauzvasssuuiazinlufnnsldasdlusuian
[ ¢ ad
266 gUNIA LAaZIvNIT

luﬂﬁwmaauamiauﬂ%éwL%aéﬁm%?uamﬁmé’fgzgmimﬁ’wﬁlé’fﬁwmﬁﬁﬂmwﬁugmiwﬂﬁuéwLﬁzjaé iw3nsdlofn
AUTTOUYVDITEUU warn15UseIluausTaUsvesssuunan iimemaduaseniing
1. WuguszuuTeaugad

nsldszuuleanead Aon1siUa sundsnusasefiagidundnulii Tnensudaluidaoisad
uaaeAngnsnannszualniimsiwaduasefindulieanidy 3 szuu

seuveennda (Off Grid) \ussuuaiindalniinanleawead Tnglillddeusetuszsuulnivasnisindi

s¥uueeun3n (On Grid) Wisuuuiensedafuszuulnnsinin nsAndauuutufioandaluiih Tnewled
aslélwannndindaesanlsayad fgunsal Grid Tie Inverter Fidousatuszuusmungveanslnine fazvi
wihiinanszualiliiannnnslufinuldenulnesnlusid fauiazildandiliinadlduaslifides indoamdsln

¥

Line ns1egfsannisiiiuneae uinisinasuuideslasuniseyginainnisiiing neu wideidevesssuull
A 0 aAv oA a ¢ A P e a -] v o
Aovaenldfinasonindusanainansdunazliidnisudnnseualiineanunderisinardnsdanasaulniunain
syUUSMeveIn1sIH (Energy Next, 2565)
a . =3 A o a a Y ~ a
sguulausa (Hybrid) Wusyuuiiiiensyuusouniawazoann3aN1TINAY Aeasdsyuulunneiun
drsowmdsnuldnulunaibifivaefieduazdmsunsdnflefuasenfinduaindnnseualuile nszualvig

a va I Ao v 2 o g s v I v I = o A
Namlﬂllll']ﬂﬂ']']wu’]lﬂisﬂﬁ’]u ix‘U“Uﬂ‘mmzLLﬂlWW’mU‘Mi%L‘UWLLUGleai LW@u’]ﬂJWIGUQ’]uVL@m@VLﬂW@ﬂQL']a’]ﬂa']ﬂﬂum
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nanlnianleanwadldlaszuuiagludueinszwaliinanuunwmesunldnou WeluWisaweszuvazlumsluiiun

nsrvvImiig Fessuuleanwaddmivaniiandyaulnsdniidonldguuuutl Budiud aasueistu, 2562)

Solar PV

Inverter \

Substation

3UN 1 nMsraunslgateaduuuszuulausavsonuunay

2. \3asfiotnausTauzvassEUY
wieadletraussouzvessyuuleanvadliun wrandfiwes (Clamp meter) uazipderiAndausadang
917Mnd (Solar power meter) llunsiiuAinisvaaes
wraudfines wislddmiuiaanszualiiuazausaulnii Tnedsnsldauaunsaldauiatan
nszualniih fdunszudlnlinnszuanss (Gaamdsnulwihainusdsaneadiag Maximum Power Point Tracking
w30 MPPT uagiandanuluinszuaadu (31ng MPPT fiag Power Over Ethemet %38 POE gaiuasluiidmnsy
iendryaninsdnd) saudausaduliin uazauduniu (Lasdefives, 2565) fagUil 2 warlassairsvesaniiian

o

doyyraulnséndt slagui 4

o o

UM 2 upaudilnes
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wsariandsnusedniseiing iuasesinanuduuaieiing lneagInsadsiu (Pyranometer) Fadu

Faiddyunnlunisimuedszansnmusssyuuleawaduesmasnulaeiiing (Wuns, 2560) aunsaliiiueesly

SOLAR POWER METER SOLAR POWER MITER

3UN 3 1nTesinnasnusidniending

UM 4 lassaravesanniiandoyaailnsdnd
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3. N15UTEIUANTTOULVRISLUUNAR IMN A28 wad waIa1ing

WBNUsEiuUTEANEN uavausIausuedsEuy NanlNTanwaeindiuasfee8198mIuNInTgIu

s
aa

International Electrotechnical Commission %3® IEC 61724 (UguSH wazame, 2557) fawdnagdifiudsdnuiu

o A

ynnlElun1sAUIN kaazdlaswlsndauRausatnu o lunsUS s uiguUSEANT AN LaTANSIOULNISHAR

7

o ] ' o o

N1 209U AN A NVDINATAALEIDITANY AB DMIIAIU SENINNSANTINTELANSTINHANLAIINTLUULKATAE
waa17ne PV (Photovoltaic module) Aaf1diwasaingannssnu @unsasuinlaainaunisy 1 enius was

AfUE, 2561)

P
M, = &y X100 (1)

ﬂd‘ A a a (3 a 6
Tne? ’]’] ABD USLANTNINUBILNILTARLEIDVING (%)
PV

Ao MasludnszwansaaInszu PV (W)

DC

P v oA a ¢

P
G A Asedeniindnnnsenu (W/m?)
A Ao Nufiuwawaduasorindsiy (m?)
ANUIEANTAINURITEUU (Performance of system)
AUSEANT AT NURITTUVILUBNDIUSEANT NINVBISTUUNE I UwadLaso1ing Tnaldmimdslniinvneenain
% MPPT WsmsAmEnuSEvemsefindaniadesdiofnaudunas uasvunaitufivesundlvawad (Zainab

et al., 2020) @x1saauwinlAannaunisi 2

Pout MPPT
%Performance of system = ———— x100 2)
I x PVArea
1oy % Performance of system f® ATUTZANTAINVDITEUU (%)

P

el

Lueer AB ANAATlAN Y8R MPPT (W)

| = 1 £ v a a 6
T Ao ANEIUSIEVRIMIng  (W/m?)

PV Area Ao Auniuvowksleaaad (m?) = 10.93 m?

AUTTOULVDITEUUWARLAIR9INE (Performance Ratio; PR)
Juafivenisnudnvauznisiauvesssuundaliindinusaseniing uazwansliiiufsdnanimves

Sl inEald (Nils et al, 2012) anansasuiaildainaunisa 3

Y
%PR = —{ %100 (3)
Yr
Tngf PR Ao ausSOULTRITEUUIARLAI®TANE (%)

Y = o A a v I o o a &
f Ao Wanmu”LWﬁ’mwamlmmﬂiwvmamaqmimquqm (KWh/kWp)

v
o

T de wasulninindaldanunagaduasenindseridinsinAsgeaaniumaus (kWh/kwp)

EVARRE ]
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o o

[

nszualilill wazauiduuas dagui 5 vesszuuleanadiaoiadyaralnsdwiiluduau 10 aand uaond
FUKUUMTAAAY 2 JULUUAR ARATHUY 1 181 6 Wk 5 @01l Aanns199l 1 AU Aedsuuandyeyiad 5 annil 6agui 6
NUUEIAN LA UIAIUIUIIAIUTEENT N INVDITEUU (% Performance of system) Wa¥AN@NSTAUEIBITLUY

(% PR Ratio) lananisAuinsakandlumisei 2

o '

UM 5 degdrmsinaaussousleanead

al
$13799 1 A1519INEN1TNAABY On ground

AiildaInnsvnass
On ground
Performance of system (%) PR Ratio (%)

fuadsLan 17.88 90.47
NUDIYY 17.89 90.55
UuAIRE U 17.98 90.98
dlss 17.94 90.77
YUY 17.83 90.22

Aadey 17.90 90.60
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a
19799 2 AITNNANITNAABY On tower

adildainnisneaes
On tower
Performance of system (%) PR Ratio (%)

avlu - g3uns 18.01 91.11
Urundae 18.07 91.42
FuaT 18.00 91.07
FTUANUDIVIN 18.16 91.90
Wusa - a3y - Avsgdl 18.28 92.50
Aade 18.10 91.60
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Efficiency fungal inhibition of downy mildew in melon leaves

by zinc oxide compounding ginger, galangal and phlai
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mAeildvihnsinudsyansnmnissudadenrelsasmiddulumdeuvesdsdeenlessauiuds 91 uay
Ina lneinondadeanleddeisnslea-an waswunaletiigumgd 700 sswaidoa Wunan 1 92lus anduth
Faroenlediildunauivansatneinds 91 uavlna udmeseudszansnmnisdudadosnnelsasniddduly
waeu MnNsEnwlasamdndiendeendisdinunsniafiwes (X-ray Diffractometer: XRD) wui filaseasn
nanwuutenezlnuea lasdvwianin 58.07 wiluuns diun1s@nwidnvasdugiuinginiundesgansiay
Sidnmseunvudesnsndifaussnurgeuinfladsfiadu (Field Emission Scanning Electron Microscope: FE-SEM)
wuhdsdeenledidnvazveseymeaiduuisnandeuiuiu uazidedinsevingilsidusomeiayGoimsuaesu
Sunsaanlnsalal (Fourier Transform Infrared Spectroscopy: FT-IR) aasansanadis 91 wazlwa wuindnusy
O-H situsy C-H sy C=0 Tusy C=C-C=C uazitusy C-O Inmsnadeulsyavsnmmsdudadesrelsasthing
Tulundeuvesdfoanlasuazarsainds 91 uazlna Auomsdsandeidaundudy 4,000 lulasniusefiadans
fignaaan 1:1 Tawthwiin wui Ssdeenlediinauansannaind TussAvsamlunisdudsiigaiian Tnefasidus

A5FUSUNNAU 68.40 5998911 A9 twa wazde lnefiuasidudnisuduinnu 67.29 way 46.47 auaisiu

Addgy: Fsdeanlas nszuiunislea-taa lsns1uiAg
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Abstract

The aim of this research is to evaluate the efficacy of a treatment for downy mildew in melon leaves
using a composite of ZnO synthesized via the sol-gel method and calcined at 700°C for 1 hour. The
synthesized ZnO was then mixed with the extract of ginger, galangal, and phlai and tested the efficacy of
a treatment for downy mildew in melon leaves. The analysis of the samples with an X-ray diffractometer
(XRD) revealed a hexagonal crystal structure. Furthermore, the crystal size of ZnO is 58.07 nm. The result
of morphological with field emission scanning electron microscope (FE-SEM) is represented that the particles
phase of ZnO is rod-shaped and also overlapped. Fourier transform Infrared Spectroscopy (FT-TR) of
functional groups of ginger, galangal, and phlai are shown the presence of O-H bonds, C-H bonds, C=0
bonds, C=C-C=C bonds, and C-O bonds. The anti-mildew efficacy in melon leaves of zinc oxide and ginger,
galangal, and phlai with agar medium at a concentration of 4,000 pg/mL at a ratio of 1:1 by weight is found
that ZnO mixed with galangal extract influences The highest percentage of infection was inhibited as 68.40

followed by phlai and ginger with percentage of infection was inhibited as 67.29 and 46.47, respectively.

Keywords: Zinc oxide, Sol-gel method, Downy mildew
UNun

waou (Melon) 84 e3nenmansin Cucumis melo L. var. cantalpensis aglu39d Cucurbitaceous “ﬁﬂaajlu
nagnaiieItuivwndlng fideisunnannuateauioddiu 1wy wnuna w3eunien fdnvaznarsudslng
Waenmun druiinddeninuuuBeu uasuuuiistaun ellddy viedvdes fisamadimuuariindunen (nunes,
2563) Fuduiidiosnsvomain uinsugniaeulildnunmlsiidueains Wesnnduiiviigouusitedonisiin
Tsa Wy Tsaufien (wdan wazame, 2562) Tsasudl Tsalusne Tsasnulaw (519 wazane, 2565) 15A57
e Judu Tneemzlsasihdmsinannisdinaisreados Pseudoperonospora cubensis (Berk.& M.
A. Curtis) Rostovzev iliinidudumdosuuly anduiudmdesssaeuduivhna sildluvesudouuis
wazvilvisuneluiian @363ad uazans, 2559; nsuduadun1sinens, 2562)

advnled (Zno) uenanaziiusinemsidanuddgylunsduaiunmsaiyivlnvesiiv Ssldiduasiad
iiedestuuaridalsaiivdnde Tonddefivhnsanunisidulugsdoenlaslumstudnisiialsasudees
uzalsinonlsl vildnuinaunsoauaulsald (@Usd, 2558) uardsdeenlediidunsesidaeisnislea-ian
annsodudadion Colletotrichum sp. #¥oay 79.39 (aatiush uaziamild, 2561)

Y¥o o

fvanyulnadudeiuyudlddiniuldiduomauassnulsadeldifudumlumania vssmalneduunas
n3NINTIIsTINTASugaNanysal fftwsine o Aldduayulnslioganninetuviiurie Tutquuldiinisdnw
dothaulwsldusslovdunnine wu nmslémsatnanludds luasm lumuideusslalneufiosudadedelsa
firluunana (augis uazassdgs, 2562) nisldansataneruanayulnsvesda (Zingiber officinale) wazlna
anududu 10,000 lulasnfusefiadans luemns Potato dextrose agar (PDA) Tunnsudanisiasaivinves

W31 (4431, 2547) n5ev18 (Boesenbergia rotunda) ¥4 waz (Alpinia galanga) gugelsaiisauaunigy
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(¥18an wazAny, 2562) nswiflon nsv1e912 919U uazegled lun1sdudademanmlsavendeslunouung
(Guad3 wavmmy, 2565) dmslduiudy nsziiiey wazddunisduddsasnidnduwaey G3yan wazudn,
2563) uenaniiiinislddeieonladfimudilunanfuaisaiaaindsdunisdudinsesyivinvedaidon
Colletotrichum sp. wuin gamgiintnmiuaalend 700 sswadya naudvarsadinandadivefifuinsdudade
Swmﬂﬁlqm (@52 wazdndna, 2562)

Ya v =2

fefufitedadaruadlafiesAnudssdnsammstudadesnalsanidlulusdeudsuluddesnledi
Fuaseiiieiinislea-iaa navfuasainainds 91 warlna Wednwilasiaiamdndenisadndissanunsnla
filned (X-ray Diffractometer: XRD) Anw1dnwaizdaugiuingidiendosqanssmisidnnseunuudosnsiniil
aussourgeviinflanddadu (Field Emission Scanning Electron Microscope: FE-SEM) 31as1eviaeAUsznaumnis
Tnssadupiivesansiagldausnindugasdunise (Fourier Transform Infrared Spectroscopy: FT-IR) wag@nu

UsgaAnsnmvesunludsreenlanrenisdudinisasgyuentesniislulumasy
L L4 ad
266 gUNIA LAaZIvNIT

d1saliuazaunsal

Zn(CH,CO0),-2H,0 mmu’%amé 99.5 Wasifus (USE¥M QReC® UsenAifuaus)

NaOH Au3qws 99.5 (edidust (e RCI-Labscan UM QReC® UspinAilaTuaus)

then Clorox (U8 Landly Aavtriudaiu S Usznelne)

wnueanududy 95 Wesidud (Mafudidiia Science Physics Uszinelneg)

#ouansou fu ED53 D4ie BENDER

A3 Rotary evaporator iq"u R-3001 %o Greatwall

\Seadndisgamuisnlafines (X-ray Diffractometer: XRD) u D8 Advance U3t Bruker Uszinalgosiiu

ndeaganssaididnasounuudensinfiiiaussousgsviafladsfiaty (Field Emission Scanning Electron
Microscope: FE-SEM) 4 JSM-7800F 138w JEOL Usgineadjuu

\n3oangiSesmaudesy Sunssaaalnslulasalay (Fourier Transform Infrared Spectroscopy: FT-IR)

U Spectrum two FT-IR Spectrometer USEw PerkinElmer Scientific Usginaanigaiisni

NIZUIUNSNSBUNITIADON YA

lunisdsiasizvideeanlanazaidunisa19351ea-19a (Hasnidawani et al,, 2016; Sangchay and
Ubolchollakhat, 2016) Tagii Zn(CH,CO0),2H,0 U3anas 2.1949 n3u waufutnnduusines 50 fadans uduiy
4158818 NaOH anuidudu 0.8 Tuand Usuins 50 daddns asluegnedn q nauasaratedi8ins eanIuwmis
wimdniduna 45 uiit fgamgfives nismndutharsasansfldlunsesdenszaiunes uadldindudrediu

3 A3a Nelilwiis udnhlumuealsifigamall 700 esmwadea Wunan 1 9ilus azldnadedoanledaanin

NsEUIUNSRTENEsaNnaNayLlng A
Tun1sm3euansannaInTaarannnl835nN1sanaAneIu (1ad wazAMy, 2562) LAt rinaununalshnazane

wainduduung 9 suwismegeuauiou gaumall 45 esrnwaded Wunan 24 Falus ihluualaziden ussqld
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AUz RevIueanududy 95 Wesidus liviauiiegne Yarliain iiulifigaumngives iniswen
regann 4 24 Hlue uATU 168 Hilue iasaraneInIsieiviue ndnntuihduiidureanaifilaly
JEmMedazaeeaneIeLA3ed Rotary evaporator Mgaungil 40 esewallua zldansadnueslslugvosnaidu

nile Tudrunszuruniswsevansanavaswazlng AefuniseguneIfus

ASPUIUNMSNIZLAE 05182838 Tissue Transplanting
Fadudnuinsesiestuaiaderinfiuidedeiiulsroonfuiudnunn 5x5 fadwns felufinfiau

Tgigeudailsidedetien Clorox Wudufesay 15 Wunan 5 und lusudsade ndmintudnndde

ndu 2 afs uazdudaenszaivende ihdudiuiiiinlsarsuuenmadsade PDA Uuld dgungd 25

sarwalded Wunan 7 Ju vhnsfiueliludiluiioamad 4 esmwadea (@356 wavane, 2557)

nsAssinuansuzvasldeanleduaraisaiasayulng
ihBareenlenndunsizilaundnuilasaiimanaisinsaudndisdanunsnladines (X-ray Diffractometer:
XRD) Miyy 20 fiausi 20 §4 80 83m1 Anwidnwardugiuingrdiendesganssaididnasounuudeansiadil

3

aussaurginilan

a o

Sfiatu (Field Emission Scanning Electron Microscope: FE-SEM) Tngld@ngluinTunisiss
Sudnmseuil 10 Alaliad uaziwsgiesdusznounlassasiaunivesarsatnayulnsiagldaiuenindugag

dunsa (Fourier Transform Infrared Spectroscopy: FT-IR)

nagaulsEAnsnwnstus o

nadeulsyAnsnmvasdsdeanled uarasataayulnslunisdudadennelsamirddulumdeudae’s
Poisoned food technique (lanwa wazn1swin,, 2559) Tnsthnadsdoonleniidunaszildumauivommsiasade
Potato Dextrose Agar (PDA) Tlamaududu 4,000 lulasnsusedadans andumaduaiumzidousuins
20 findans fisliauemnauds 1h Cork borer lruinuuaeidulevondosfiiedliifony 7 Ju frefufuumig
vnanavuwizdeiifiownsidsnte POA naudsdeanled vudeiiguvnd 25 esrmiwaidea unan 5 T
yhnsneaes 3 91 Tenunadushugudnanswedalafidesiuisuifieuturuisatogaaunu fo tndu (ainaw
Fereenles) wardmnamesidudnsiudimsaiyiuinvendes dmunmsnadeulszansamnistiudades
edsfoanlednavarsatnandsludasdi 1:1 Tnshmdn Wunan 45 wiil nduildeuliuisiionmgd
45 asmngaidoa Wunan 6 $alus ihnemuealunsdsdoonlesinavarsatnandaudaauliidiu arndurily

NEUNUD1MSIA8LTe Potato Dextrose Agar (PDA) Toilsimanududu 4,000 lulasnsusefiadans ualunageu

Useansnamnisdudadeslsasrmsluluwaeu Tudiuvesiinazlnafdidunisgisuieniuds

NAN15998 WazN15NUsIuNE

nan15IAsIERlASIEs1sNANAeATsandLsganLWsnIndines (X-ray Diffractometer, XRD)
HANTIATIERTULUUNSRERUUS e ndveteun1ATdoanledNduaT 1A e78lea-19a wdInwAalyili

gaunil 700 asrnwaed WngldinTaaenaisdanunsnlaivnes Nnulgusn1sIvINITAUATeleIne1AEns Ay




] ]
a v

MsasnuRsAtansuazivalulad | U7 4 atuil 1 unsiau - ey 2566

nermans uwiinerdeumansaiy seldunadunisindasidiondanitinecwas (CuKa) AfAueIvesded
L@NBWINAY 0.15406 WLUWAT Y1IN15NI1AL 20 Faus 20 9 80 B9en LLamwaé’qgﬂﬁ 1 Wudwﬁgu 20 fighumla
31.77,34.42, 36.25, 47.53, 56.59, 62.85, 66.37, 67.94, 69.08 lLay 72.56 83A" mqﬁ’umil,?ﬁy&muummizmu (100)
(002) (101) (102) (110) (103) (200) (112) (201) uag (004) auainu lnedsreonlendlaTiasIaHANLUULENTE
Tnuealisnlesi (Hexagonal wurtzite) @ saonndaariutoyaunsgiufiviin1snsiaialag Joint Committee on
Powder Diffraction Standard (JCPDS) %31181a% 36-1451 (Fakharia et al,, 2019) wazilifunisiingegadiszuiu
(101) uansbidiuinszunuiiinisSesiiuedradusadeviazuavesrdniinuainaneiu vldilnudundn
g4 (Bohan et al, 2017) Tngannsamuuandnlagldaunisivesises nuindsdeenladiidansizsils Tvuandn

58.06734 WLULUAS

N =
—
S 9|5 ZnQ700 °C
O 5 |~
— = |~
T | 5 ~
! | ~N o
- S p o ~dNg
14 = ~ Z 8o &
N N ) TS 8
S iy L S-S

Intensity (a.u.)

20 40 60 80
20 (degree)

a

Uil 1 Han15lAT e X-ray Diffractometer vesisdeanlasiniuaalevifigamgil 700 ssmiwaldea
HaN133IATITRanBTdugIuINe R 1endeeganssAldiannsauuuudaensa (Field Emission Scanning
Electron Microscope: FE-SEM)
Mnnnsfnwdnvardugineuaznsmsalaunsunisnszneiiveseynadadeenladinuaaleifigamgi
700 esmuwaIya fundesgansseidiinnsounuudensin uansiaguil 2 wui1 nvazvnamenInTeseynA
Fadoonlysdanvazilunsinauuaziiuzuiy wazdunguuuiuiy vililidesinsssnieynaesas vauwn
15U (Grain boundary) veseymAlidnuaziidaay (Sabeeh and Jassam, 2018) 9nnsinTuInoyMARIY

TUsunsa Image J flvwinauniwde 264.81 unluluns
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200 250 300 350 400

D 1500k 36pA TID St 621 pm 40mm 30000x i X% Diameter (nm)

gllﬁ 2 ua@nsnw Field Emission Scanning Electron Microscope i&3we1e 30,000 Wi hazdalaunsuuss

Feroanlununaleuigumall 700 esrgaldya

NAN1TIATIERNIINTLAUAITHIBNEUUEIYIMEIBUNT A (Fourier Transform Infrared Spectroscopy:
FT-IR)

MnmsAnwvyilsiduresansatnds 91 uaglna melaTeaSommunesudunsusaanlnsiines (FT-IR)
Fsmsgandussdeslutisdunsisaiioglutisavadu (Wave number) 4000-500 Aolgufiims faguil 3 wuin wa
nsisesivyiledduresda 91 uarlna Usngannsuiisusiia 3382 siolsufiuns uaninsduLuUdnves
Wusz O-H (smail et al, 2022) funtsiia 2929 Folwufiuns wanINITFULUUEAYaIRUsY C-H (Amalraj et al,,
2020) fuvtsiia 1640 folvufins uanansduLuudnueaiusy C=0 fumisiia 1414 seleufiuns Fusdiwmis
yaafia 1364 foleuAiuns wansnsdunuunveaiuss C=C-C=C (Zhou et al, 2020) wagsuviafingl 689 sio

WURLUAT WARINISEULUUEAVBINUSY C-O

Ginger

Galangal
—— Phlai

Transmittance(%)

3382

1640 | \ ! 689

2929 - :
X : 4. :2
: 1414, 1364 :

. . ; ;
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

3U# 3 nan1334A3129 Fourier Transform Infrared Spectroscopy wasansafinds 91 uazlna
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wansuageuUszAnsnwnsiudadondelsasinddlulumday

91nn13v1sNRdeuUsEans aneesd e eanleslunisded ansias i vinveslalad i 01
Pseudoperonospora cubensis (Berk.& M. A. Curtis) Rostovzev i UAILNR noliiials ﬂi’luy"’lﬁl wlululasu
srevnaiumnaas 4 Ju lidnvamenmenmwedalailidesiesguremsideaie Potato Dextrose Agar (PDA)
wanfudadeenludisnunalevfigamgdl 700 ssmuwaldua Annuidudu 4,000 bilasnsudedadans Wisuduyeraunm
(hinauBsdoonles) fmeei 1 wardsdeenludiwuealetgumnd 700 ssmwailoa naufuasaiaainds U1 ua
Ina Tudhsndu 0:1 wae 1:1 Wildimnudiutu 4,000 lilasnsusefindans fansnail 2 udwhmsiadurinugudnasves
TeladidesiiaSquuenmaisais PDA WemUszavs amlumssudatosluluadoutuidoslugneunuuas

- v & a P o a
Wasiduansiuds muaunsi (1) lenaniansned 3

P a a o & X a & I3 6 al a N
M99 1 Naﬂ']iﬂﬂaaUﬂigﬂV]ﬁﬂ']Wﬂ']iﬁlUEJ\‘]L‘U@i?ﬂaﬂ%ﬁﬂaaﬂi‘mLNWLLﬂabL“UUWQfUWQQJ 700 2ALYRLY YA

YAAIUAL Faroanlyn

= a a o o & [ Y a ¢ s ¢ al a
N15197 2 Han1snedauusEansnInn1sgue QLGU95'”1Qiiﬂiquqﬂ’N‘UEN‘U\W]aaﬂlsﬂﬂLNqLLﬂabL‘UuwQWWQQJ 700

a o o a ' Ao |
IANYALTYE Naufuasanman 39 91 wazlna Adns1au 0:1 way 1:1

FRG R 9 9 na

ZnO : ayulns
0:1

ZnO : ayulns
1:1
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A197199 3 wansUseansanlunisdudadiesinalsns1diAaua a1sannainds 91 wazlna Jsreanludmwaalyili

gaumqil 700 asradied nauasainnde U1 waglna Nannandudu 4,000 llesnsuselading

4ol BRINEIUY YAAIUAY mLaﬁaLé’uﬂhuquéﬂmwmﬁaﬁ Wosidus
Wauly z
(ZnO: ayulng)  (wuRiuns) (wuRlung) nsgues
ZnO 700 °C 1:0 5.38 3.16 41.26
ANTANAINT 0:1 5.38 377 29.93
ANSaNANNU 0:1 5.38 2.39 55.58
asannanlnag 0:1 5.38 2.98 44.61
ZnO 700 °C wau
o 1:1 5.38 2.88 a6.47
58NN
ZnO 700 °C wau
" . 1:1 5.38 1.70 68.40
a15aina1ne"
ZnO 700 °C
NANETENR 1:1 5.38 1.76 67.29
nlna

mssguesdula@esidunisiiuanuen wazuSunavesduly (Hyphae) nsuusiiedvaaziinnieluidu
lovaugidosnasy AsuMSANIANYUENISRSYVRUTDTIIRIRINVUIALd U uALEnaveslalalaTyuy

p1nsiiende InewIsuisuiuseninanniuauwazyanaaes (Hava wazn1seing, 2559)

s s o Y a a C-T
wWesuinisdudinsiasgiule = — %100 (1)

e C Ao Anadaiduniuaudnansvesialadi¥esivuaiubsndeyaniuan (uldnauddeanled)
MNYUALUAT
T Ao Anaduiduinuaudnanvedlaladi¥esivunudsitdeyavaaesiiiovisnandedoanlen

PUILLYURNAT
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80

70

60

50

v
=

gudautasn (%)

o

a0

30

Siudnng

5

Kb}

20

10

(1:1)

ZnO : ansafnanayulng

ZnO 700°C + U5 @ ZnO 700°C + 91 [ ZnO 700°C + lwa

UM 4 uansUseansnmnisdudautesnelsnsinAg

MnransnageuUsEavsammstudates wui Swdeonleninasensiesaivinvenduleos Tnavinld
Andsduwhuguinamesdelafidoniadanas Anduesidusinisdudmnatyivinveades ity 41.26
wanslifuidsdeanlediiussansnmlunissudadosld fyenunmsideissansamlunsiuidogadnne
Tseveseynmnludedoanled iesanmsTuriuderuwaduaznisgadudadlessuiiduiiv (§ns, 2560) ausn
afrsanudsmeuasidusunsedelafifoendes (Bohan et al, 2017) wazdwudn fuasionisdudanis
Lﬁ]?iylﬁuiwuaﬂwﬁlﬁ&msumL%E]i’] Erythricium salmonicolor (Arciniegas-Grijalba et al.,, 2017) d@wsvansainain
wiwesalng nud Pfusyaninmnssudadesléffan Andueiiduinissudmassyivlmenton
Wiy 55.58 Tnefisneauidenuin arsannandifianseangni fid iy Ao 1-acetoxychavicol acetate uay

a

1"-acetoxyeugenol acetate anunsadududenanuglsanain (Usnv, 2545) arsataneruandriszansnmly
ﬂﬂigUé’jdﬂﬂiL%%fgLaUIWUmL%YE]SW Fusarium sp. (¥18@" wagany, 2562) dmsudszansamnisdudadeslu
Shrduveseymadaieanladseasatnanaulng 11 wui UssAvsnmeesmsdudadessnnitandeldidieontss
waurvasanang sesasndulng uards lnefivedfudlunisdudad amindu 68.40, 67.29 uay 4647 sadniy
Fapnsaft 3 uargUit 4 Geasdiuin asadnamiideuasnsslumssudadonuasd ensnifisussAvE nmnsudy

Wosswiudereanianle
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ungy

a

Ferpanlorausaduns1zRlasunssuIun1siea-laa kagkil o unsHILealeiNgunall 700 serLwaLTeE

q U

v v
o

wilidssoenleniisuinaiumnauariveunsudanuiu uasdaruannsolunmstudimassydulaveades
Pseudoperonospora cubensis (Berk.& M. A. Curtis) Rostovzev 19 Tnedies L%umﬂlumﬁ%ég%%awhﬁu 41.26 \ile
ihdsdeenlasitdnaszildurldsuiuayulngsdds 1iun 31 91 warlna lunismasoudssansnmnissudades
wuhdsdeenlediinauansatnainindszavsamlunmssudatosifian Tnefivesidudlunssudadoniiu 68.40

Tnganmnsahluussgndlfilunummsdunisdudagesnelsalufiveindusiely

AnRNIsuUIZANA

Py
a o a v

YaveuUANNNINAANT ANEINg1AmEns U INe1deT1vAguITud Maienuldewazantuiinaaeslunis

q
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Abstract

Statistics of the elderly population in Thailand in 2021 are likely to increase rapidly and continuously,
which has an increase in the characteristics of living alone in the household. Considering the ability to carry
out daily activities, it was found that there were elderly people who were unable to help themselves.
Including the elderly who can help and take care of themselves accounted for 1.3% and 1.8%, respectively.
Therefore, to help the elderly to be self-reliant within the residence. This article focuses on implementing
the invention by applying a flex sensors mounted on a finger to detect finger movements for controlling
wheelchair, small robot and electrical equipment. By processing the signal with the Arduino R3
microcontroller from the flex sensor mounted on the finger. The test results for controlling the device with
all 5 fingers are divided into 2 forms, which are control by moving one finger or moving a set of finger codes.
Controlling a wheelchair from any event, this demonstrated accuracy with an average of 89.07% and 87.47%
under different environment both indoor and outdoor, by order. Accuracy of controlling a small robot along

with the control of turning on and off the lamp, accounting for 83.20% and 87.819%, respectively.

Keywords: Microcontroller, Flex sensor, Elderly assistance devices
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Abstract

This research aimed to study compaction properties and California Bearing Ratio (C.B.R.) of road
embankment soils stabilized by hemp sack fibers. The hemp sack fibers of 0, 25, 50 and 75 ¢. were mixed
into 7,000 ¢ of soil. The mixed soils were compacted in the laboratory to determine an optimal water
content (OWC) subjected to a modified proctor energy. The compacted samples at the OWC were then
used to conduct the C.B.R. test. The tested results showed that an increasing of the hemp sack fiber resulted
in dry density reduction of 2.100, 2.052, 2.029 and 2.015 g/cm’. The soil swelling values increased to 0.4%,
0.9%, 1.8%, and 2.3%, and the C.B.R. effect is 14.2%, 19.2%, 20.9%, and 13.9%, respectively. Increasing the
amount of hemp sack fiber results in a decrease in dry density and an increase in soil swelling, which
reduces the soil's load capacity. Therefore, the optimal ratio is the amount of 50 g. of hemp sack fiber per
7,000 ¢. of soil, with the highest C.B.R. value of 20.9%, swelling value of 1.8%, and dry density of 2.029

g/cm’,

Keywords: Hemp fiber, Embankment, C.B.R.
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Abstract

The purpose of this research was to develop and determine the efficacy. and assessing the quality of
smart agricultural watering systems using the Internet of Things and investigating the satisfaction of users
towards the system. The research process has been evaluated by 5 experts for developing an intelligent
agricultural watering system using the Internet of Things. The results showed that the intelligent agricultural
watering system using the Internet of Things can solve problems of farmers such as being able to help order
watering conveniently for faster, control the moisture in the soil suitable for plants and determine the
working time of the water system for the plants to get water consistently. The results of the overall system
performance test found that 100 percent of all test performance levels. It was effectively exceeding the
assumptions set. Therefore, it can be concluded that the developing an intelligent agricultural watering
system using the developed Internet of Things can save the time and labor, creates convenience, and eases
the burden on farmers to control the on-off of watering their crops via smartphones from anywhere,

anytime, anywhere and can help control the soil moisture and increase agricultural productivity with quality.

Keywords: Watering system, Smart agriculture, Internet of Things
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