==~ JOURNAL OF SCIENCE
'B) AND TECHNOLOGY

D1sansdnenAdasuazinalulaé ukIdnendagsuuys -

Vol.10 No.1 January - June 2026
URA 10 aUUA 1 wASIAU - DUIBU 2569

ISSN 2730-3837 (Online)

THONBURI UNIVERSITY - -



NIANTINEFERhazAlulag U INedusuY3

U 10 adu? 1 Wwieu unsiAN-uieu 2569

AVUANTTANNIHELUNS
NIATINeIeansuazmalulad U Inendusuys AMvuaiuieunsUag 2 atu
1. atufl 1 unsex- Nguieu

2. aduil 2 nInIAN-SuIAY

a ¢ a (% =

WA : W Inedesuys
IUIZAIAVBINTIANUNITENT

1. Wowsunsunauide unauivinis lududainssuaans liun daanssuli
AmnssuATesna Imnssulest Imnssugnaivnig Amnssuaeufiames daanssudnde
Amnssunandn Imnssutan Imnssumaluladgraminisy savisaindugiieades uazlugu
Wermanslann a3 aderans ada Wand il 2381 ermansnisernis Inermans
Fanm Ingenanidanden Iemsasauna vdeinemaniUszend waganu1dugiiieades

2. iefudenardlunisuaniddsussdninug awdniiu Inenisuazmedalmaig suhlug
n1sHAUITNYruasAnen1nlun1sadiINaIuNIeivInIg N1TANAIT N19AININEIANEASLAY
walulag

3. WRANLESUAINIINLBLAZNISUNEAUDUNANUNAIUNITING ATAISUSNITEIAL

RIVDY : UNTINGNFUTUYS

eXe

AIUNTT © 05.05yv7 Wiaual 85N1SUR UMINeNEsUYS

IS 4 U Aa v

UIIUBNNSINTENT @ AS.ANT nSeTles {eunen1sdtinide uninendusuys

kY


http://www.ee.psu.ac.th/
http://www.me.psu.ac.th/
http://www.ce.eng.psu.ac.th/civil/index.php
http://www.ie.psu.ac.th/
http://www.coe.psu.ac.th/
http://www.ce.eng.psu.ac.th/civil/index.php
http://www.ie.psu.ac.th/
http://www.mne.eng.psu.ac.th/

ABIUTIUISNIS

J9ANEN519138 05, USyaytium Uaa
S9FNARNIITY AS. LRANTIR UIUN
S99FE@NII9159A5. UTRE UM

L3 (%

ﬁgﬁ?ﬁlﬂ’]ﬂ@'ﬁf\]’liﬁlﬂi. AIEY bEANINY

3

599MANS19158 ASanual gI30N39A
589FNEANTIATE @

5%e 535UNT5Na
AYILAARI19158 AT, U0 usiees

AYILAIENI1A15I8BAUAT INALITEY

H183ANT LAZIAVIYNT

NA.AT.LONSMI WANUR

a £ ¥

919158NA. 3EANAT UYL
D1SONA. AUIUA TNWYITITU

[y ]

27191580UNTY WIABIIY
0191558VANG Noda
21971587 lenUindal
919158858173 LTETUY
919158 M9.LOUN WINTUS
D1SIATUNING Flaan

i 5.audaitnsng ernlns
9191358aA1501 AIAIY IR

9191583510500 dunmg

UMNINYIBNALULAE INTTUATIUTLD

aonvuwAluladnsEvUNA1Ma1ANTE U

UNINYB DT UDIALLE

UMNINYIBNALULAE INTTUATIUTLD

WNIngaeNiing
UINIRLTUYT
UMINYIRYTUYT

av

antun1sdnnisleayg AT

AURAANLIAINTTUANERNS
ANYIFINITUAERS
ALIAINTTUANEANS
AEINIFERSHazINALULAE
ANYINENAEnSLaznAlulad
ANEINIFERSHazINALULAE
AEINIFERSHazINALULAE
AuUgADNIABS A ATAUNA
ALIAINTTUANERNS
ALAAINTTUANERNS

'
v a = tY

duindunAnenalu/dnidinide

v a =

dundunAneiilu/dnidnide



AMZNTTUNITNAUNTDY (Peer Review)

& an

sA.n3.lngsd Aslewns
5A.03.07890¢ Sum
IA.05.A3175 §ITTUTND
57.03. 2IAgR LTodan
NFLATLIIR ANARaLsTIL
NFLATITTY LONNTUTEANS
Heag. Uszanlyn e
HPLAT.NAVT TgnSsng
NFLAT.ALIT1 BB
Net.0 3. AN Shuma
HA.03.03 WIUTEIESE
HA.AS.NTES YIAUTI
se.a3.Jeyn drsneyiiud

NA.AT.UNAD LULleTUY

a £ 1 i

WA.ITLANA dayayun
WAL EUAUS DNWITTTH
NALAS.UIUEN Tanane
A3.fURANT Nveiiua

5. DATHUN NIASTI TR
3. YNFUT AU

A5.1d5811 LA38LUY

[

A5, @NT YK

o

4
U
YaYsnw

AS. NSUNUNNAT

A, AnANay Wulnwun

q

3. faensail Wy

A3. 3997 BUNAIYI

a

f3.54ON5 TI0LTEN

Y

WA.AT.ITI N9

75.U7951 8783UAN

a o a

NALAT. SRR FIYEAN

QDo

a

a A
M93.LN8 dULYH

o

an1dunisinnsleygn
UANINEALLoT ALY

Y RRVIRGITPL R DR ITAR

VI REmNALULAE YIRS S
UNTINGIRBTITNNY
WNINIRENALULAENTTIDUNAITUYS
wIngaewmaluladsivaenssaulnduns
WA UNALULAENTLADUNANTEUATIUTD
WA UNALULAENTLADUNANTEUATIUTD

[y a

MedunFnsil
UMNINENE319A 1) auaT19s il
anvunsdanisleaygATa
UNINIAETUA ) TuEI AN TZEN
UIINGIEYTIVAL T VURATUNT
UMNINGNFUTUYT

UMINYIRYTUYT
WIngaemAlUlagnsEIRNaIEUATIile
anunsdanisleaygATa
anuldnimuUI I Imans

W Ingaemalulagsvinasany
UMINYINYTYANTEUAT
UAINYIRENYATAIERS

I eAlULlAEIvNIRaa TN
wIngaemalulagsvunsnulnduns
UNINYTHY TN

UMINYINYTNYNAIVAN

W Inendeasuny

antumalulagunuiv
UNINEFELNALULAENTZAUNAINTLUATINLE
WedgInemansnIskmgiaihgnsal
UAINNFTIVHY LA

WedEIMeImansnIskmgiaihgrnsal



UNUTIUISNIS

a a Y o e 3 = v X o oa X @ ad @
NINTIVINTUNIMENTEFUYT (Anenmansuazmalulad) atull Saiui@wdudn 10 ady
A a IS g s ! a a v A
1 1 (un971ax - Tguey 2569) lnedinguisaafliiamgnsnadnuivInis #anuide wazuaniieu
WWIfin Adu3 Aunmtliveg awIneimaniwazmalulad nunauduileminitaula way
& 6 1 a s IS d” gj a
Judselevidernmsingimansuazimalulad 1ngilonveaunanuvieguiuuunaulvInisway
UNANNIILNHIUNTRTINAUNTBRINENTIA AT UENY I TAE TR N gan 1T uN AN
InguAazUNAUNIUNITRINTUINAUNTBRNINENTIARA 3 YU WoimuIAunInIsaIsazlu

Uselewlgegn

TUUILYBINBIVTTANTNTVRINTANTIVINTUMINENFE5UYS (neeansuazinalulad) ve
felomalyriunniaisd dnivinisuazdaulaausunanudifunisiiianmeuns waznialy
ag198aI A satulanlulssloridmsugeunnvinu uasveveuamiiviugeuldlinuaula

Y 9

158159 WUNLAYRADA

A3.3ANT NSEITYS

UTTUITNITIT8T



GUEITY

=1

UM 10 atUil 1 Wwieu unT1AN-Tquieu 2569

UNAMUITY

1-9

10-24

25-38

39-50

51-68

69-80

Foulvmsmsasslasinisananiaslanvessiuauduuin

DIVISIBILITY CONDITIONS BASED ON DIGITS OF POSITIVE INTEGERS

UANH orndRana, 1ausing nesew, 4Ams1 1nNeAR, ugLue andaes, i Suuead,
ANLAT FuNaUsEIaSgALEATMARS, ngaiuns faAesed, sutia sdunans
msUsuifiuaussouninnuieuresdosios il Tanvorunuuimdniu

THERMAL PERFORMANCE EVALUATION OF A SOLAR CHIMNEY WITH LIGHTWEIGHT
ENCLOSURE MATERIALS

91u yylayay, agadenn Tanswe, wnsnid unniud, Alan Jufs, dens gnifianuna,
ANUTEAYS 1aA
nseULIANGIsTUUdmIUNTUsTenAlTudonivuiionnuUasafonazaulusslaly
nsigulauNaNISANY

A SYSTEMIC CONCEPTUAL FRAMEWORK FOR APPLYING BLOCKCHAIN TO ENHANCE
SECURITY AND TRANSPAPRENCY IN ACADEMIC CREDIT TRANSFER

Uguna gnuayms, Styeysenl deunanss, IsWug Asauiug
mMaUszgndltinaluladmsSeusiddnieairafvueundindudmivinsesilseluly
1l

APPLICATION OF DEEP LEARNING TECHNOLOGY TO CREATE A WEB APPLICATION
FOR CORN LEAF DISEASE ANALYSIS

=

gy Bunde, sU¥nd venaiiy, oty weande, Usunsal Tuys
N19UIENgANITTUNITRULTINTEY18v1INelddy In1AdIgkUUIaedlasItne
Uszanniiay

PREDICTION OF VACUUM DRYING KINETICS OF FINGERROOT USING ARTIFICIAL
NEURAL NETWORK MODELS

9y ﬂégﬂﬁﬂ%, dyde Suwen, aAny yayde, Sma Aden, Ivynad Tualasey,

ASUE AUASANS, lunssssuun,3as1nsal aslannsan
miﬁmmﬁ'aLﬁmﬁm%’umiﬁwifﬂﬁﬁmu Google DocsLﬁaQ’Uﬂwiaamamam

THE DEVELOPMENT OF AUDIO MEDIA FOR LEARNING TO USE GOOGLE DOCS FOR
THE VISUALLY IMPAIRED

WS uAgY, Aansny ASauysel, a53A auuay



81-94 MylATgEadsmevesisuiduaeyninanaenuzninissydumanngnly
atlunsn 304 nszuuiUalilaense: nsdlfnwilssiu SME
FAILURE ANALYSIS OF A REPORTED GRADE 304 STAINLESS STEEL COCONUT
FLOWER VINEGAR BOILER USING A DIRECT FLAME HEATING SYSTEM: AN SME CASE
STUDY
Wy Wuuea, Lvsuns o535, Jyad Usenusad, nquaie Adedssel,
1N3nv93 atingy, lum y3IAs, Tuny Heyuma

95-105  nisfaunsrvuasduluniiieudufeuyaradesasdurituszuuaannd lagld
weluladBumnesidnvosassnd
DEVELOPMENT OF A FACE DETECTION SYSTEM FOR SUSPECT ALERT VIA CLOUD
COMPUTING USING INTERNET OF THINGS TECHNOLOGY
T30yl MASeYTRNad, wadand densena, Inwa AfASaIAR, AdnN Uugisa,
AT LIHUNM

UNALIVING

106-118  Fmendunsieyt : anuvnnewazn1sUszgnaldludsemalng

SYNTHETIC BIOLOGY :MEANING AND APPLICATION IN THAILAND

I3WUS Yyt



Journal of Science and Technology Thonburi University 1

Received: sep 1, 2025 Revised: Jun 16, 2026 Accepted: jun 22, 2026

DIVISIBILITY CONDITIONS BASED ON DIGITS OF POSITIVE INTEGERS

Nitiphoom Adsawatithisakul’, Yanapat Tongron', Supattra Kerdmongkon',
Narubet Lapyingyong',Sukanda Dankunprasert?, Presarin Tangsiridamrong?,

Kanyaphak Paikhlaew!, Anawin Chongaumklang®”

'Faculty of Science and Technology, Nakhon Ratchasima Rajabhat University
“Faculty of Education, Mahasarakham University *Surawiwat School
Suranaree University of Technology

“Faculty of Science, Chulalongkorn University

Corresponding Author: e-mail” anawinchongaumklang@gmail.com

Abstract
In this research, we study the necessary and sufficient conditions for any positive integer N to be
divisible by a given positive integer m whenever N = m. The conditions are related to digits in each place
value of the positive integer N. Applications of these conditions are also provided via examples and
corollaries. Some of the examples and corollaries show that our main results are generalizations of
previous results.
Keywords: digit, place value, divisibility

Introduction

There are several studies concerning divisibility of integers. In 2007, Konick and Mercier (Konick &
Mercier, 2007) proposed an interesting divisibility-test problem in the item 323: Let N be a positive integer
whose decimal representation is

N=a,10"+ -+ a,10% + a;10 + a,,
where 0 <a, <9andfork=0,...,n—1,0<aqa, <9.
Show that
a) 3N 3|la, +aq ++a +apl.
b) 4|N < 4|[10a, + a,].
c) 6|Ne6|[4(a, + -+ a, +a)+ay]
d) 7|N < 7|[(100a, + 10a, + a,) — (100as + 10a, + a;) + (100ag + 10a, + ag) — - ].
e) 8|N < 8|[100a, + 10a, + a,].
f) 9INeo9|[a,+a,_+ - +a+ayl
9) 11N o 11][a, — ay—q + -+ (=1D"a,].

Recently in 2021, Jampawai (Jampawai, 2021) studied conditions on digits in the places of
positive integers divisible by 7. He finds that 7|N if and only if 7 divides the sum of products between
each digit in the ones place, tens place, hundreds place, thousands place, ten-thousands place, hundred-
thousands place, millions place, ten-millions place, hundred-millions place, billions place, ... and 1, 3, 2,
-1, -3, =2, 1, 3, 2, =1, =3, =2, .., respectively, of the positive integer N. His idea is motivated by
Nahir’s research [3-4]. In comparison to problem (d) presented by Konick and Mercier, Jampawai's

statement offers greater ease of application.
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mailto:anawinchongaumklang@gmail.com

2 Journal of Science and Technology Thonburi University

Indeed, a group of students from Chaiyabhum Bhakdeechumphon School, Chaiyabhum, Thailand,
applied Jampawai’s idea to study conditions on digits in the places of positive integers divisible by 13.
They also presented their results in 2023 Mathematical mini-Project contest of Nakhon Ratchasima
Rajabhat University Science Week, Nakhon Ratchasima, Thailand. However, their results have not yet been
published.

Alongside these ongoing explorations, further formal studies on the divisibility of integers can be
seen in [5-6], for example.

In this work, we study the necessary and sufficient conditions for any positive integer N to be
divisible by a given positive integer m whenever N = m. We also solve some parts of the Konick and
Mercier’s problems by our main theorem and show that Jampawai’s result is a special case of our main

theorem.

Main Results

Throughout this section, let @ be a positive integer such that

10% = B (mod m),

n
N= Z 10ia
i=0

be an (n + 1)-digit positive integer (ie. a,a,_; - a,ay) With N = m, and let
n=ak+1

where m is any positive integer, let

for some integers k, | with 0 <1< a. The following theorem shows the necessary and sufficient
conditions for N to be divisible by m.

Theorem 1. m|N if and only if

1 a—1 l
j K
m| Z B’ ( biaaj+i> +pB biagiqi|
j=0 i=0 i=0

where b; = 10 (mod m) for any i € {0,1,2,...,a — 1}.
Proof. For any j € {0,1,2, ..., k — 1}, observe that

a-—-1 a-1
Z 10%%q,;,; = Z B710'a,;,; (mod m).
i=0 i=0

Consider

i=0
ak-1 ak+l

- Z 10ia; + Z 10ia
=0 i=ak

Vol 10 NO 1 Jan - Jun 2026
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k-1
= 2(10“"+(“‘1)aa,-+<a_1> +oe+ 1094 qy,,, +10%a,,)

j=0
l
+Z 109+,
ak+i
k-1a-1

Z Z 10a1+1 aj+l Z 10ak+1 Aok+i

01:

( 10 aa}H) +B Z 10" Qi+ (Mod M)

1]
E.ﬂ

j=0

This completes the proof by the definition of b; = 10* (mod m) for any i € {0,1,2,...,a — 1}. O
Corollary 2. Put 8 = 1. Then m|N if and only if

k-1 sa-1 l
m| Z (Z biaaj+i) + 2 biagksi|s
j=0 \i=0 i=0

where b; = 10¢ (mod m) for any i € {0,1,2,...,a — 1}.
We next show the application of Corollary 2 when m = 3, m = 9,and m = 101 as follows:

Example 3. Put m = 3 orm = 9. Since
10! =1 (mod m),

we have that ¢ = 1. Then n =k + [ for some integers k, lwith 0 <l < 1andson=k, [ =0.It follows

from Corollary 2 that m|N if and only if

n-1 0 0
m| Z (Z biaj+i> + Zbianﬂ' )
7=0 \iZo =0

where by, = 10° (mod m). Observe that we can possibly put by, = 1 = 10° (mod m).
Consequently, we obtain that m|N if and only if

n
m| Zai.

i=0

This implies that m|N if and only if m divides the sum on each digit in each place of the positive integer
N. The following two sub-examples are applications of this statement: Recall that m € {3,9}.
1. Put N = 12345678 which is divisible by m. Observe that a, = 8,a, = 7,a, = 6,a; =5, a, = 4,
as=3,a,=2,a;,=1andso8+7+6+5+4+3+ 2+ 1= 36which is also divisible by m.
2. Put N = 1234567 which is not divisible by m. Observe that a, =7,a, =6,a, =5,a; =4, a, =
3,as=2,a=1andso7+6+5+4+3+ 2+ 1= 28which is not divisible by m too.

Example 4. Put m = 101. Since
10* =1 (mod 101),

Vol 10 NO 1 Jan - Jun 2026
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we have that @ = 4. Then n = 4k + [ for some integers k, [ with 0 < I < 4. It follows from Corollary 2 that
101|N if and only if

k-1, 3 !
101 Z (Z bia4j+i> + Z biaypi,
j=0 \i=0 i=0

where b; = 10° (mod 101) for any i € {0,1,2,3}. Observe that we can possibly put

by =1=10°(mod101),

b, =10=10*(mod 101),
b, =-1=10%(mod101),
b, =—10=10% (mod 101),

Consequently, we obtain that 101|N if and only if

k-1 !
101 Z(‘Mj +10ay)41 — Agj42 — 10a4j+3) + Z biayysi |-
j=0 i=0

This implies that 101|N if and only if 101 divides the sum of products between each digit in the ones
place, tens place, hundreds place, thousands place, ten-thousands place, hundred-thousands place,
millions place, ten-millions place, hundred-millions place, billions place, ... and 1, 10, —1, —10, 1, 10, —1,
—10, 1, 10, —1, —10, ..., respectively, of the positive integer N. The following two sub-examples are
applications of this statement:
1. Put N = 1212303 which is divisible by 101. Observe that ay = 3,a, =0,a, =3,a; =2, a, = 1,
as=2,a,=1and so 3+10(0)—3—-10(2)+1+10(2) —1 =0 which is also divisible by
101.
2. Put N =1212312 which is not divisible by 101. Observe that a, =2, a, =1, a, =3, a; = 2,
as,=1,as=2,a,=1andso 2+10(1)—3 —-10(2) +1+10(2) — 1 =9 which is not divisible
by 101 too.

We conclude from Example 3 and Example 4 as in the following two corollaries:

Corollary 5. For m € {3,9}, m|N if and only if M divides the sum of all digits in each place of the
positive integer N = m.

Corollary 6. 101|N if and only if 101 divides the sum of products between each digit in the ones place,
tens place, hundreds place, thousands place, ten-thousands place, hundred-thousands place, millions
place, ten-millions place, hundred-millions place, billions place, ... and 1, 10, -1, —10, 1, 10, —1, —10, 1,
10, —1, —10, ..., respectively, of the positive integer N = 101.

We can deduce a simple practical fact from Corollary 6 as follows:

Corollary 7. If Yo @i = XicoQuive AaNd Yicg Auis1 = Dizo Aaivrs, then 101|N for an (n + 1)-digit positive
integer N > 101, i.e,, a,a,_; -=-a,a,.

Vol 10 NO 1 Jan - Jun 2026
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Example 8. By Corollary 7, the following integers are divisible by 101:

1. 1212 (because 2 =2and 1 =1)

2. 23331 (because 1+ 2 =3 and 3 =3)

3. 679831 (because 1+7 =8and 3+ 6=09)

4. 9238167 (because 7+3=1+9and 6 +2 = 8)

5. 168456789 (because 9+5+1=7+8and 8+4 =6 +6)

In another direction, putting f = —1 in Theorem 1 yields the simpler statement:
Corollary 9. Put B = —1. Then m|N if and only if

k-1 a-1 l
m| Z(—l)j (Z biaaj+i> + (—1)kz biagyqil
=0 i=0 =0

where b; = 10! (mod m) for any i € {0,1,2,...,a — 1}.
We next show the applications of Corollary 9 when m =11 and m = 17 as follows:
Example 10. Put m = 11. Since
10! = —1 (mod 11),
we have that @ = 1. Then n =k + [ for some integers k, [ with 0 <l <1 and son =k, [ = 0. It follows
from Corollary 9 that 11|N if and only if

n—

1 0 0
1> 1 (Z bia,-+i>+ (D" bitei|
i=0 i=0

=0
where by = 10° (mod 11). Observe that we can possibly put b, = 1 = 10° (mod 11).
Consequently, we obtain that 11|N if and only if

11|Z(—1)L’ai.
i=0

This implies that 11|N if and only if 11 divides the sum of products between each digit in the ones place,
tens place, hundreds place, thousands place, ten-thousands place, hundred-thousands place, millions
place, ten-millions place, hundred-millions place, billions place, ...and 1, -1,1,-1,1, -1,1, =1, 1, —1,
..., respectively, of the positive integer N. The following two sub-examples are applications of this
statement:
1. Put N = 780197 which is divisible by 11. Observe that ay =7, a, =9, a,=1, a; =0, a, =8,
as=7andso7—-9+1—-0+8—7 =0 which is also divisible by 11.
2. Put N = 1780198 which is not divisible by 11. Observe that a; =8,a;, =9,a, =1,a; =0, a, =
8,as=7a,=1andso8—-9+1—-0+8—7+1= 2 which is not divisible by 11 too.

Example 11. Put m = 17. Since
108 = —1 (mod 17),

Vol 10 NO 1 Jan - Jun 2026
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we have that @ = 8. Then n = 8k + [ for some integers k, [ with 0 < I < 8. It follows from Corollary 9
that 17|N if and only if

k-1 7 l
17| Z(—l)j (Z bia8j+i> + (—1)k2 biagi|
=0 =0 =0

where b; = 10' (mod 17) for any i € {0,1,2,3,4,5,6,7}. Observe that we can possibly put
b, =1=10°(mod17),

b, =-7=10'(mod17),
b, =-2=10%(mod17),
b; =-3=103(mod 17),

b, =4=10*(mod17),
by =6 =10%(mod 17),
bg =—8=10° (mod 17),
b, =5=107 (mod17).

Consequently, we obtain that 17|N if and only if

k-1

17| Z(_l)j(asj —7Qgjy1 — 20gj45 — 3Agjy3 + 40gj44 + 60gj,5 — 8agjs + 5a8j+7)
=0

l
F DR biageas.
i=0

This implies that 17|N if and only if 17 divides the sum of products between each digit in the ones place,
tens place, hundreds place, thousands place, ten-thousands place, hundred-thousands place, millions
place, ten-millions place, hundred-millions place, billions place, ... and 1, =7, =2, =3, 4, 6, —8, 5, —1, 7,
2,3, —4,—6,8, -5 1, -7, =2, =3, 4, 6, =8, 5, ..., respectively, of the positive integer N. The following
two sub-examples are applications of this statement:

1. Put N =167901234572091 which is divisible by 17. Observe that ap =1, a, =9, a, =0, a; =
2,a,=7,as=5 a,=4 a,=3,a3=2,a9=1, a,,=0,a,;,=9,a,=7, a;5=6, a;, =1
and so 1-7(9)—2(0)—-32)+4(7)+6(5)—8(4)+5B3)-1(2)+7(1)+2(0)+3(9) —
4(7) — 6(6) + 8(1) = —51 which is also divisible by 17.

2. Put N = 852467913 which is not divisible by 17. Observe that ap =3, a, =1, a,=9, a; =7,
a, =6, a;=4, a,=2, a,=5, ag=8 and so 3—7(1)—2(9)—3(7)+4(6) +6(4)—8(2) +
5(5)—-8=6
which is not divisible by 17 too.

From Example 10 and Example 11, we have the following two corollaries:

Corollary 12. 11|N if and only if 11 divides the sum of products between each digit in the ones place,
tens place, hundreds place, thousands place, ten-thousands place, hundred-thousands place, millions
place, ten-millions place, hundred-millions place, billions place, ...and 1, -1,1, -1,1, -1, 1, =1, 1, —1,
..., respectively, of the positive integer N > 11.

Corollary 13. 17|N if and only if 17 divides the sum of products between each digit in the ones place,

tens place, hundreds place, thousands place, ten-thousands place, hundred-thousands place, millions
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place, ten-millions place, hundred-millions place, billions place, ... and 1, =7, =2, =3, 4, 6, —8, 5, —1, 7,
2,3,—4,-6,8,-5,1, -7, -2, -3, 4, 6, =8, 5, ..., respectively, of the positive integer N = 17.
Moreover, Corollary 12 leads to a simpler statement as follows:
Corollary 14. If ¥,_oas = Y=o Qzi+1, then 11|N for an (n+ 1)-digit positive integer N =11, ie,
ApQp_q - Q1 Ag.
Example 15. By Corollary 14, the following integers are divisible by 11:
1. 1243 (because 3+2=4+1)
2. 34353 (because 3+3+3=5+4)
3. 895763 (because 3+7+9=6+5+8)
4. 7148680 (because 0+6+4+7=8+8+1)
5. 78987898 (because 8+8+8+8=9+7+9+7)
Finally, we consider m = 7 and get the same statement in the main result of (Jampawai, 2021).
Example 16. Put m = 7. Since
103 = —1 (mod 7),
we have that @ = 3. Then n =3k + [ for some integers k, [ with 0 <[ < 3. It follows from Corollary 9
that 7|N if and only if

k-1 2 l
71 (-1 (Z biag,-ﬂ-) (DR b
j=0 i=0 i=0

where b; = 10' (mod 7) for any i € {0,1,2}. Observe that we can possibly put
bo =1= 100 (mOd 7),
b, =3 = 10" (mod 7),
b, = 2 =102 (mod 7).

Consequently, we obtain that 7|N if and only if

k-1 l

7| Z(—l)j(a3]- +3az,1 + 2‘13j+2) + (_1)kz biazpy; |-
j=0 i=0

This implies that 7|N if and only if 7 divides the sum of products between each digit in the ones place,
tens place, hundreds place, thousands place, ten-thousands place, hundred-thousands place, millions
place, ten-millions place, hundred-millions place, billions place, ... and 1, 3, 2, =1, =3, =2, 1, 3, 2, —1,
-3, =2, ..., respectively, of the positive integer N.
Corollary 17. 7|N if and only if 7 divides the sum of products between each digit in the ones place, tens
place, hundreds place, thousands place, ten-thousands place, hundred-thousands place, millions place,
ten-millions place, hundred-millions place, billions place, ... and 1, 3, 2, —1, =3, =2, 1, 3, 2, —1, =3, =2,
..., respectively, of the positive integer N > 7.

The application of Corollary 17 can be seen in (Jampawai, 2021). In conclusion, we can say that

our main results are generalizations of (Jampawai, 2021).
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Conclusions

Let a be a positive integer such that
10% = B (mod m),

where m is any positive integer, let

n
N= Z 10iq
i=0

be an (n + 1)-digit positive integer (i.e. a,a,_; - a,a,) with N = m, let

n=ak+1

for some integers k, [ with 0 < I < a, and let

b; = 10' (mod m)

forany i €{0,1,2,...,a — 1}. We have proved that m|N if and only if

k-1 a-1 l
m| Z B’ (Z biaaj+i> + ﬂkz b+ |-
j=0 i=0 i=0

It follows from putting B = 1 that m|N if and only if

k-1 sa—-1 l
m| z (Z biaaj+i> + Z biagyqi|-
=0 \Zo =0

On the other hand, putting B = —1 yields the fact that m|N if and only if

k-1 a-1 l
m| Z(—l)j (Z biaocjﬂ') + (—1)kz biagyqi|-
=0 i=0 =0

Although these facts may not be immediately practical, we yield some simpler conditions for specific

values of m as follows:

1.

For m € {3,9}, m|N if and only if m divides the sum of all digits in each place of the positive
integer N > m.

101|N if and only if 101 divides the sum of products between each digit in the ones place, tens
place, hundreds place, thousands place, ten-thousands place, hundred-thousands place, millions
place, ten-millions place, hundred-millions place, billions place, ... and 1, 10, —1, —10, 1, 10, —1,
—10, 1, 10, —1, —10, ..., respectively, of the positive integer N = 101.

If YicoQai = Mico Qaisz ANA Yo Auis1 = Ni—o Aairs, then 101N for an (n + 1)-digit positive
integer N > 101, i.e, a,a,_4 -~ a,a,.

11|N if and only if 11 divides the sum of products between each digit in the ones place, tens
place, hundreds place, thousands place, ten-thousands place, hundred-thousands place, millions
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place, ten-millions place, hundred-millions place, billions place, ... and 1, =1, 1, =1, 1, =1, 1,
-1, 1, —1, ..., respectively, of the positive integer N > 11.
If YicoAzi = Niizo Azir1, then 11N for an (n + 1)-digit positive integer N = 11, i.e., an@p_q - A1 4,.
17|N if and only if 17 divides the sum of products between each digit in the ones place, tens
place, hundreds place, thousands place, ten-thousands place, hundred-thousands place, millions
place, ten-millions place, hundred-millions place, billions place, ... and 1, =7, =2, =3, 4, 6, —8,
5-1,7,2,3,—4,—-6,8, =5, 1, =7, =2, =3, 4, 6, =8, 5, ..., respectively, of the positive integer
N =17

7. 7|N if and only if 7 divides the sum of products between each digit in the ones place, tens place,
hundreds place, thousands place, ten-thousands place, hundred-thousands place, millions place,
ten-millions place, hundred-millions place, billions place, ... and 1, 3, 2, =1, =3, =2, 1, 3, 2, —1,
-3, =2, ..., respectively, of the positive integer N > 7.
Other practical divisibility conditions for specific positive integers can also be deduced from our

main results.
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Abstract

Solar chimneys provide passive ventilation by converting solar radiation into buoyancy-driven
airflow. While geometric optimization has been extensively studied, the influence of lightweight enclosure
materials remains insufficiently quantified. This study experimentally and numerically evaluated the
thermal performance of a solar chimney integrated with three lightweight materials: aerogel composite
panel, polycarbonate twin-wall sheet, and expanded polystyrene sandwich board. A laboratory-scale
prototype was constructed and tested under tropical outdoor conditions. Outlet air temperature, airflow
velodity, and solar irradiance were recorded. A Python-based transient thermal model was developed and
validated using the Mean Absolute Percentage Error. The aerogel configuration produced the highest
temperature rise and thermal efficiency, with a temperature prediction error below 5%. Polycarbonate
showed intermediate performance, while EPS exhibited the lowest thermal gain. The validated numerical
model successfully reproduced experimental trends for all configurations. The findings demonstrate that
lightweight material selection significantly influences solar chimney efficiency and should be considered a
primary design variable.
Keywords: aerogel, lishtweight material, MAPE, passive ventilation, polycarbonate, solar chimney, thermal

modelling

Introduction

Solar chimneys have emerged as effective passive ventilation systems that operate through
buoyancy-driven airflow generated by solar heating (Ahmed et al., 2022; Aziz & Elsayed, 2022; Haji Molla
Ali Tork et al,, 2024; Murena et al., 2022) . Increasing global demand for energy-efficient buildings has
intensified research into passive cooling strategies that reduce mechanical energy consumption (Singh &
Kumar, 2024): The operating principle of a solar chimney relies on the temperature differential between
heated air within the channel and ambient air, which induces upward flow. Recent studies have focused
primarily on geometric optimization. Aziz and Elsayed (Kumar Mandal et al., 2024). demonstrated that
chimney height and collector width significantly affect airflow velocity. (Fu et al., 2022) reported improved
energy efficacy using divergent chimney structures with sloped absorbers. Gong et al.(Long et al.,, 2022)
developed a theoretical model for high-rise solar chimneys and identified an optimal configuration for
uniform flow distribution. However, these studies assumed fixed enclosure materials.

Material-related investigations have concentrated mainly on ground-layer energy storage rather

than enclosure panels. (Cuce, 2024; Saleh et al., 2023; Yoo et al., 2023) analyzed natural ground materials
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such as sand and basalt for thermal storage enhancement. (Fu et al., 2022; Saleh et al.,, 2023) reviewed
absorber coatings and hybrid enhancements. Lightweight structural wall materials for the chimney
enclosure have not been systematically compared.

Aerogel composites exhibit extremely low thermal conductivity and high insulation capacity (Fu
et al,, 2022). Polycarbonate twin-wall sheets offer moderate thermal resistance with acceptable solar
transmittance (Long et al.,, 2022). EPS sandwich boards provide cost-effective insulation but limited solar
transmission. The integration of these materials into solar chimney enclosures may alter both solar heat

gain and conductive losses, thereby affecting buoyancy generation.

&
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Figure 1 Graphical frame works

Numerical models validated against experimental data have been widely used to assess solar
chimney behaviours (Brey et al.,, 2018; Zhu et al.,, 2025). The Mean Absolute Percentage Error (MAPE)
metric has been reported in related thermal modelling studies as a standard indicator of model fidelity
(Perevozchikova et al,, 2014). However, Python-based simulation frameworks specifically designed to
compare multiple lightweight wall materials in a unified thermal evaluation model remain absent from
the literature. a unified numerical framework for comparing multiple lightweight enclosure materials
under identical boundary conditions. This research addresses that gap by integrating experimental testing

with a Python-based validated thermal model.

Literature Review and Research Gap
Previous research has primarily addressed geometric optimization (Fu et al,, 2022; Gong et al,,
2024; Kumar Mandal et al., 2024; Long et al., 2022), hybrid energy integration (Haji Molla Ali Tork et al,,
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2024), or ground storage materials (Saleh et al,, 2023; Yoo et al., 2023). Material selection for chimney

wall enclosures has remained secondary and typically fixed.

Lightweight materials have been widely applied in building envelopes but rarely evaluated in

solar chimney channels. No experimental study has systematically compared aerogel, polycarbonate, and

EPS in a controlled chimney configuration with validated numerical simulation.

Table 1 Literature Matrix

Limitation Relevant to
Author (Year) Method Focus Key Finding )
This Study
) ) CFD predictions agreed ) )
(Murena et al., Experiment  + Solar chimney . Wall material properties
) with experimental )
2022) CFD airflow _ not varied
airflow trends
(Aziz & Elsayed, Increased chimney
2022; Kumar Geometric height improved o
) Enclosure material fixed
Mandal et al, parameters velodity an
2024) temperature rise
(Cuce, 2024, ) ) .
+ Ground storage Sand improved thermal Chimney wall materials
Saleh et al,, ) ] ] ] )
Experiment materials retention not investigated
2023)
(Perevozchikova CFD + Natural stone Basalt increased heat Structural enclosure
etal, 2014) Experiment storage capacity effects unchanged
(Fallah &
Valipour, 2022;
) ) ) ) Flow resistance Collector and wall
Yoo etal,  Numerical Filter integration ) i
affected outlet velocity materials constant
2023; Zhu et
al., 2025)
(Fuetal, 2022; _ . . _ .
Numerical + Divergent chimney Sloped absorber Material  influence  not
Kumar Mandal ) ]
Experiment design enhanced performance separated
et al,, 2024)
(Gong et al, o , ,
, High-rise solar Optimal geometry Thermal properties
2024; Long et Theoretical ) ] ,
L 2022) chimney derived analytically assumed constant
al,,

(Ahmed et al,,

2022; Toghraie  Experimental ~ PV/solar chimney

et al, 2018)
(Bagheri & o
. optimization to
Ghodsi CFD and energy . )
) achieve maximum
Hassanabad, modeling
power outlet.
2023)
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Limitation Relevant to

Author (Year) Method Focus Key Finding .
This Study
Numerical material/structural-
(Xu & Zhou, . ) the degree of vortex/backflow, and )
simulation (TPP ) lightweight and real-world
2018) divergence performance drop - i
+ EPPRC) constructability analysis
_ Compared thermal o
) Experiment + Aerogel, Limited to laboratory
This study response under ) )
Python model polycarbonate, EPS scale and tropical climate

identical geometry

Research Gap Existing studies have primarily focused on geometric configuration, hybrid integration, or
ground-based thermal storage. In most cases, chimney enclosure materials were treated as constant
parameters. Comparative evaluation of lightweight wall materials under controlled experimental
conditions remains limited. This study provides an experimental and numerical assessment of selected
lightweight materials within a unified thermal framework.
Therefore, the present study contributes:

1. Experimental comparison of three lightweight chimney enclosure materials.

2. Development of a Python-based transient heat-mass balance model.
3. Validation using statistical performance metrics.
il

Quantitative ranking of materials based on thermal efficiency and prediction accuracy.

Methodology

Research Framework

A time-resolved numerical model was developed to evaluate the thermal performance of a solar
chimney integrated with alternative lightweight cover materials. The computational framework was
structured into four sequential stages: (i) material parameter definition, (i) geometry and boundary
condition specification, (i) nonlinear thermo-fluid iterative solution, and (iv) statistical performance
evaluation.

The algorithm operated at discrete time intervals using measured or synthetic environmental
data. For each candidate material, the model computed outlet air temperature, buoyancy velocity, mass
flow rate, and thermal efficiency. A fixed-point iteration scheme was employed to resolve the nonlinear

coupling between airflow and temperature rise.

Material Property Definition
Each candidate material was characterized by five primary parameters:
e Thermal conductivity kiw/mKk]
e Density pikgm?
e Spedific heat capacity €, [/ksK
e Thickness tim

e Solar transmittance T[]
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Table 2 Material properties

Material properties:
A. EPS sandwich board: k = 0.038w/m«k
B. Aerogel composite panel: k = 0.015w/m«
C. Polycarbonate twin-wall sheet: k = 0.19w/m«

Each configuration was tested for five clear-sky days between 08:00 and 16:00.

These parameters govern conductive heat transfer and solar transmission through the chimney cover.
The absorber surface was assigned a constant absorptivity a, ensuring that differences in performance
were attributed solely to material properties.

All materials were evaluated under identical geometric and climatic conditions to ensure comparative
assessment controlled.

Solar Chimney Geometry and Assumptions
The solar chimney was defined by:

e Heicht H

o  Width W

e Airgap depth D

e Absorber area A,

The following assumptions were adopted:

1. One-dimensional vertical airflow.

Uniform air properties within each timestep.

2

3. Negligible radiative exchange between internal surfaces.

4. Constant external convective heat transfer coefficient h ;.
5

Ideal buoyancy-driven flow without mechanical assistance.
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Figure 2 Solar Chimney Model Air density and specific heat were assumed constant for simplicity.

Boundary Conditions and Input Data-
Time-series input data were used as boundary conditions:
o Inlet air temperature T;,(t)
e Ambient temperature Ty, (t)
e Solar irradiance I(t)
The model was executed over the evaluation period with timestep resolution consistent with the
available dataset. A peak irradiance timestep was separately analyzed to evaluate solver convergence

behavior.

Governing Equations
1 Solar Heat Absorption
The absorbed solar energy at each timestep was calculated as

Qsolar(t) = I(t) Ac Ta (1
where T was the material solar transmittance.
2 Heat Loss through the Cover

Heat transfer through the chimney cover was modeled using a combined conduction—convection

approach. The overall heat transfer coefficient was expressed as

Vol 10 NO 1 Jan - Jun 2026



16 Journal of Science and Technology Thonburi University

U= ( h:xt + %) @)

Heat loss to ambient was then
Quoss(t) = U A (T(8) = Tamp (1)) 3

The net available heat became
Qnet (1) = max (Qsorar (t) — Quoss (£),0) @

3 Buoyancy-Induced Airflow
Air velocity was calculated using a thermosyphon approximation:

(5)

U(t) _ ZgH(Tout (t) - Tin(t))
B T (t) +273.15

where grepresented gravitational acceleration.
4 Mass Flow Rate
m(t) = pgir v(t) WD (6)

Inlet and outlet air temperatures were measured using Type K thermocouples with an accuracy
of 0.5 °C. The thermocouples were positioned at the chimney inlet and outlet to capture the
temperature rise along the airflow path. Airflow velocity at the chimney outlet was measured using a hot-
wire anemometer. The probe was centrally located at the outlet cross-section to represent the bulk
airflow velocity.

Incident solar irradiance on the collector surface was recorded using a calibrated pyranometer installed in
the same plane as the collector surface. All sensors were connected to a data acquisition system, and

measurements were logged at one-minute intervals throughout the testing period.

5 Energy Balance
The outlet air temperature was obtained from

Qnet (1)
T =T ——neth s
out (t) Ln(t) + Th(t) Cp‘air (7)
6 Thermal Efficiency
Thermal efficiency was defined as
Th t C air Tou t _Tin t (8)
(6 = O Coair T O =T (®) 0o

I(t) A

Vol 10 NO 1 Jan - Jun 2026



Journal of Science and Technology Thonburi University 17

Nonlinear Iterative Solution

Because airflow velocity depended on temperature rise, and temperature rise depended on mass

flow rate, a nonlinear coupling existed.

A fixed-point iterative scheme was implemented at each timestep:
1. Initialize airflow velocity.

Compute mass flow rate.

Estimate outlet temperature.

Update heat loss and buoyancy velocity.

Recalculate mass flow rate and outlet temperature.

Evaluate convergence using

O N kN

out out

Stop iteration if tolerance was satisfied or maximum iterations were reached.

©]

This approach ensured stable convergence while maintaining computational efficiency.

7 Multi-Material Simulation Procedure

The full timestep solution was repeated independently for each material. For every candidate, arrays of

e Qutlet temperature
e Air velocity
e Mass flow rate

e Thermal efficiency

A convergence residual history was stored at peak irradiance to examine numerical stability and solver

behavior.
8 Statistical Evaluation

Model accuracy was assessed using two statistical indicators.

Mean Absolute Percentage Error

100
MAPE = —
n

Yexp — Ypred

Yexp

Values below 10% were considered acceptable.

Coefficient of Determination

_ Z(ymeas - ypred)z
Z(ymeas - }_’meas)z

RZ=1

These metrics were computed for outlet temperature and airflow velocity.

(10)

(11)

Vol 10 NO 1 Jan - Jun 2026



18  Journal of Science and Technology Thonburi University

9 Sensitivity and Comparative Assessment
All materials were evaluated under identical climatic conditions. Performance comparison focused on:
e Peak temperature rise
e Average airflow velocity
e Daily thermal efficiency
e  Statistical error indices

This enabled objective ranking of candidate materials based on thermal and ventilation performance.

10 Output and Visualization

The algorithm generated:

e Time-series comparison plots

e Convergence residual plots

e Performance tables

e Material ranking summary
These outputs supported quantitative evaluation of lightweight and advanced glazing materials for solar
chimney applications.

Results and Discussion

1 Outlet Air Temperature Validation
Figure 1 shows the comparison between predicted and experimental outlet air temperature. All candidate
materials reproduced the temporal trend of the measured profile, with temperature rising from morning
to midday and decreasing afterward.

-@- Experimental
Transparent Cellulose Aerogel Pane MAPE=4.55% R?=0.9821

42 1 %~ Vacuum Insulated Glazing (Low-E VIG) MAPE=2.49% R2=0.9826

Multi-Layer ETFE Cushion MAPE=3.46% R?=0.9823

B
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w
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L

Qutlet Air Temperature [°C]
w w
5 o)

32 1 h/,ﬁ’ »

s’
30 4
) Q QO Q Q Q o o o
i\ O O Q O kS) Q Q Q
& & & > 2 Vv P & ~
Time of Day

Figure 3 Predicted experimental outlet temperature

The transparent cellulose aerogel pane slightly overestimated the peak temperature, while
vacuum insulated glazing provided the closest agreement with experimental data. The multi-layer ETFE
cushion also followed the experimental curve with minor deviation during peak irradiance. Quantitatively,

the mean absolute percentage error for outlet temperature remained below 5% for all materials. The
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lowest error was obtained with vacuum insulated glazing (2.49%), followed by multi-layer ETFE (3.46%)
and transparent aerogel (4.55%).

The coefficient of determination exceeded 0.98 in all cases, indicating strong correlation between
predicted and measured temperature. The regression slopes were slightly greater than unity, showing a
mild systematic overprediction at higher temperatures. These results confirmed that the simplified one-

dimensional heat balance adequately captured dominant thermal behaviour.

2 Air Velocity Prediction
Figure 2 presents the comparison of predicted and measured air velocity. The predicted trend followed
the same temporal pattern as experimental measurements, with maximum velocity occurring near peak

solar irradiance.

1.2 1 =@~ Experimental ~0L

Transparent Cellulose Aerogel Pane MAPE=389.30% R2=0.9937 .a’ ""--'
~%¥— Vacuum Insulated Glazing (Low-E VIG) MAPE=357.03% R2=0.9937 ,’ \\\
1.0 4 Multi-Layer ETFE Cushion MAPE=344.40% R*=0.9939 ,’ .
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o 0
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.

0.2
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Qo O Q Q Q \] (8] (8] QS
Q QO Q' Q Q Q Q Q Q
® N ~ ~ ~ ~? Ng N o
Time of Day

Figure 4 Predicted Experimental Air Velocity

However, velocity magnitude was consistently underestimated for all materials. The experimental
peak velocity approached 1.2 m/s, whereas predicted values remained below 0.85 m/s. The reported
MAPE values for velocity were high due to the influence of very small, measured velocities in early
morning conditions, which amplified percentage errors. Despite large MAPE values, the coefficient of
determination exceeded 0.99, indicating strong linear consistency between predicted and measured
values. Regression analysis showed slopes between 0.426 and 0.475, confirming systematic
underprediction. This deviation likely resulted from model simplifications, including the neslect of internal
radiation, turbulence enhancement, and pressure losses. The results indicated that while the thermal
model captured temperature rise accurately, airflow magnitude required further refinement for precise
velocity estimation.

3 Thermal Efficiency Behaviour

Figure 3 illustrates thermal efficiency as a function of solar irradiance. Transparent cellulose
aerogel demonstrated the highest efficiency, reaching approximately 84-85% under high irradiance. Multi-
layer ETFE exhibited moderate efficiency, increasing with irradiance. Vacuum insulated glazing maintained
relatively stable efficiency around 62-63%.
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Figure 5 Thermal Efficiency with Solar Irradiance

Efficiency increased with irradiance for materials with high solar transmittance, confirming that
absorbed energy dominated system performance. Insulation-dominant materials maintained more stable
but lower efficiency due to reduced optical gain.

These findings suggested that optical transmission was the primary driver of ventilation enhancement
under strong solar conditions.

4 Error Comparison Across Materials

Figure 4 The figure presents the Mean Absolute Percentage Error (MAPE) for outlet temperature
and air velocity for the three material configurations, along with reference thresholds of 5% (excellent)
and 10% (acceptable).

For temperature prediction, all materials exhibited very low MAPE values below 1%. The aerogel panel
achieved 0.83%, polycarbonate sheet 0.84%, and EPS sandwich board 0.89%.

10 A e e e === Acceptable limit (10%) .
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Figure 6 MAPE Comparison Across Materials

These values are significantly below the 5% threshold, indicating excellent agreement between

predicted and experimental temperature results across all configurations. For air velocity prediction, MAPE
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values were higher but remained within acceptable engineering limits. The polycarbonate sheet showed
the lowest velocity error at 5.11%, followed by EPS sandwich board at 6.27%, and aerogel panel at
6.66%. Although these values exceeded the excellent 5% threshold, they remained below the 10%
acceptable limit, indicating reasonable predictive performance.

5.Regression Analysis
Figure 5 presents the regression analysis between predicted and experimental values for outlet
temperature and air velocity for the three material configurations. For outlet temperature (upper row), the

coefficient of determination R?ranged between 0.9821 and 0.9826, indicating strong agreement between

predicted and measured values across all materials.
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Figure 7 Regression Comparison of Predicted and Experimental
The regression slopes were slightly greater than unity (1.066-1.189), showing a mild

overprediction at higher temperatures. The deviation from the 1:1 reference line was small and
consistent, suggesting that the thermal model adequately captured the dominant heat transfer behaviour.
For air velocity (lower row), R%values exceeded 0.993 for all materials, demonstrating strong linear
correlation with experimental data. However, regression slopes were below unity (0.426-0.475), indicating
systematic underestimation of velocity magnitude. Despite this bias, the linear trend was preserved,
meaning the model correctly represented the air flow response pattern but underestimated its intensity.
Overall, the regression analysis confirmed that the model reliably predicted temperature behaviour and
consistently reproduced airflow trends, although velocity magnitude may require further calibration for
improved quantitative accuracy.
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6 Iterative Solver Convergence

Figure 6 shows the convergence residual history at peak irradiance. Residuals decreased exponentially

with iteration number.
1
10 Transparent Cellulose Aerogel Pane
] =¥— Vacuum Insulated Glazing (Low-E VIG)
) Multi-Layer ETFE Cushion
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= 3
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Figure 8 Iterative Convergence at Peak Irradiance

Vacuum insulated glazing converged within approximately 17 iterations, transparent aerogel
within 18 iterations, and ETFE required approximately 23 iterations to reach the tolerance of 1 x 107*°C.
The smooth residual decay confirmed numerical stability and robustness of the fixed-point scheme. No

oscillation or divergence was observed.

7 Comparative Performance Ranking
Considering temperature accuracy, thermal efficiency, and numerical stability, materials were ranked as
follows:
1. Vacuum insulated glazing for prediction accuracy
2. Transparent cellulose aerogel for thermal efficiency
3. Multi-layer ETFE cushion for balanced optical-thermal performance
If ventilation enhancement was prioritized, transparent aerogel was preferable. If prediction accuracy and

heat retention were prioritized, vacuum insulated glazing was recommended.

8 Discussion of Physical Implications
The results demonstrated that solar chimney performance depended primarily on solar transmittance
under high irradiance conditions. While insulation reduced heat loss, excessive reduction in optical
transmission limited buoyancy driving force. The underprediction of airflow suggested that additional
mechanisms, such as internal radiation exchange or entrance loss coefficients, should be incorporated in
future model refinement.
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Overall, the numerical framework provided a reliable tool for comparative assessment of advanced

lightweight materials for passive ventilation applications.

Conclusions

This study developed and validated a time-resolved numerical framework for evaluating the
thermal and ventilation performance of a solar chimney integrated with advanced lightweight cover
materials. The model employed a coupled heat-mass balance formulation solved using a fixed-point
iterative scheme, and its predictions were assessed against experimental measurements of outlet air
temperature and airflow velocity.

The main findings can be summarized as follows:

1. Temperature prediction accuracy was high for all materials.The mean absolute percentage error
for outlet air temperature remained below 5%, and the coefficient of determination exceeded 0.98 in all
cases. Vacuum insulated glazing achieved the lowest temperature error, indicating strong predictive
reliability of the thermal model.

2. Air velocity trends were accurately captured, but magnitude was underestimated.Although
R?values exceeded 0.99, regression slopes below unity indicated systematic underprediction of airflow
velocity. This deviation was attributed to model simplifications, including neglect of internal radiative
exchange and pressure-loss effects.

3. Solar transmittance was the dominant performance parameter.Materials with higher optical
transmission produced larger temperature rise and stronger buoyancy-driven airflow. Transparent
cellulose aerogel achieved the highest thermal efficiency, approaching 85% under peak irradiance
conditions.

4. Thermal insulation alone did not guarantee superior ventilation. While vacuum insulated glazing
reduced conductive heat loss, its moderate transmittance limited maximum buoyancy generation.
Optimal performance required balanced optical and thermal properties.

5. The iterative solver demonstrated numerical robustness. Convergence was achieved within

acceptable iteration limits for all materials, confirming stability of the nonlinear solution scheme.
The proposed framework provided a systematic and computationally efficient tool for comparative
assessment of solar chimney materials under realistic climatic conditions. The results indicated that
advanced transparent lightweight materials, particularly transparent aerogel-based systems, offered
significant potential for enhancing passive ventilation performance in solar-driven building applications.

Future work should incorporate multidimensional heat transfer effects, internal radiative
exchange, and experimentally calibrated loss coefficients to improve airflow magnitude prediction.
Extension of the model to seasonal and annual simulations would further support material selection for
climate-responsive building design.

The findings contribute to the advancement of material-based optimization strategies for passive
ventilation systems and support the integration of high-performance transparent materials in sustainable
building envelopes.

References

Ahmed, O. K, Algburi, S., Ali, Z. H., Ahmed, A. K,, & Shubat, H. N. (2022). Hybrid solar chimneys: A comprehensive review.
Energy Reports, 8, 438-460. https://doi.org/https://doi.org/10.1016/j.egyr.2021.12.007

Vol 10 NO 1 Jan - Jun 2026


https://doi.org/https:/doi.org/10.1016/j.egyr.2021.12.007

24 Journal of Science and Technology Thonburi University

Aziz, M. A, & Elsayed, A. M. (2022). Thermofluid effects of solar chimney geometry on performance parameters. Renewable
Energy, 200, 674-693. https://doi.org/https://doi.org/10.1016/j.renene.2022.10.022

Bagheri, S., & Ghodsi Hassanabad, M. (2023). Numerical and experimental investigation of a novel vertical solar chimney
power plant for renewable energy production in urban areas. Sustainable Cities and Society, 96, 104700.
https://doi.org/https://doi.org/10.1016/j.5¢5.2023.104700

Brey, J. J., Carazo, A. F., & Brey, R. (2018). Exploring the marketability of fuel cell electric vehicles in terms of infrastructure
and hydrogen costs in Spain. Renewable and Sustainable Energy Reviews, 82,2893-2899.
https://doi.org/https://doi.org/10.1016/j.rser.2017.10.042

Cuce, E. (2024). Divergent chimney and sloping collector design for ground heat source integrated solar chimney power
plants. Journal of Thermal Analysis and Calorimetry, 149(23), 14147-14161. https://doi.org/10.1007/510973-024-
13669-5

Fallah, S. H., & Valipour, M. S. (2022). Numerical investigation of a small scale sloped solar chimney power plant.
Renewable Energy, 183, 1-11. https://doi.org/https://doi.org/10.1016/j.renene.2021.10.081

Fu, Z., Corker, J., Papathanasiou, T., Wang, Y., Zhou, Y., Madyan, O. A,, Liao, F., & Fan, M. (2022). Critical review on the
thermal conductivity modelling of silica aerogel composites. Journal of Building Engineering, 57, 104814.
https://doi.org/https://doi.org/10.1016/j.jobe.2022.104814

Gong, J., Chew, L. W., & Lee, P. S. (2024). Theoretical model for high-rise solar chimneys and optimum shape for uniform
flowrate distribution. Energy, 298, 131358. https://doi.org/https://doi.org/10.1016/j.energy.2024.131358

Haji Molla Ali Tork, M. H., Houshfar, E., & Ashjaee, M. (2024). Integrating geothermal energy and a solar chimney to maximize
renewable energy production: An analytical investigation of a novel hybrid system. Renewable Energy, 230,
120827. https://doi.org/https://doi.org/10.1016/j.renene.2024.120827

Kumar Mandal, D., Biswas, N., Manna, N. K., & Benim, A. C. (2024). Impact of chimney divergence and sloped absorber on
energy efficacy of a solar chimney power plant (SCPP). Ain Shams Engineering Journal, 15(2), 102390.
https://doi.org/https://doi.org/10.1016/j.as€j.2023.102390

Long, T., Li, W, Lv, Y., Li, Y, Liu, S., Lu, J,, Huang, S., & Zhang, Y. (2022). Benefits of integrating phase-change material with
solar chimney and earth-to-air heat exchanger system for passive ventilation and cooling in summer. Journal of
Energy Storage, 48, 104037. https://doi.org/https://doi.org/10.1016/j.est.2022.104037

Murena, F., Gaggiano, |., & Mele, B. (2022). Fluid dynamic performances of a solar chimney plant: Analysis of experimental
data and CFD modelling. Energy, 249, 123702. https://doi.org/https://doi.org/10.1016/j.energy.2022.123702

Perevozchikova, B. V., Pisciotta, A., Osovetsky, B. M., Menshikov, E. A., & Kazymov, K. P. (2014). Quality Evaluation of the
Kuluevskaya Basalt Outcrop for the Production of Mineral Fiber, Southern Urals, Russia. Energy Procedia, 59, 309-
314. https://doi.org/https://doi.ore/10.1016/j.egypro.2014.10.382

Saleh, M. J,, Atallah, F. S., Algburi, S., & Ahmed, O. K. (2023). Enhancement methods of the performance of a solar chimney
power plant: Review. Results in Engineering, 19, 101375. https://doi.org/https://doi.org/10.1016/
j.rineng.2023.101375

Singh, T., & Kumar, A. (2024). Numerical analysis of the divergent solar chimney power plant with a novel arc and fillet
radius at the chimney base region. Renewable Energy, 228, 120504. https://doi.org/https://doi.org/10.1016/
j.renene.2024.120504

Toghraie, D., Karami, A., Afrand, M., & Karimipour, A. (2018). Effects of geometric parameters on the performance of solar
chimney power plants. Energy, 162, 1052-1061. https://doi.org/https://doi.org/10.1016/j.energy.2018.08.086

Xu, Y., & Zhou, X. (2018). Performance of divergent-chimney solar power plants. Solar Energy, 170, 379-387.
https://doi.org/https://doi.org/10.1016/j.solener.2018.05.068

Yoo, S., Oh, S., & Hachicha, A. A. (2023). Numerical simulation and performance evaluation of filter-equipped solar chimney
power plants. Applied Thermal Engineering, 218, 119284. https://doi.org/https://doi.org/10.1016/
j.applthermaleng.2022.119284

Zhu, L., Kndair, A. I., Aghaei, A., Zalipour, K, Chen, H., & Afrand, M. (2025). A comprehensive review of solar chimney power
plants: technology, performance, and future prospects. Sustainable Energy Technologies and Assessments, 81,
104413. https://doi.org/https://doi.org/10.1016/j.seta.2025.104413

Vol 10 NO 1 Jan - Jun 2026


https://doi.org/https:/doi.org/10.1016/j.renene.2022.10.022
https://doi.org/https:/doi.org/10.1016/j.scs.2023.104700
https://doi.org/https:/doi.org/10.1016/j.rser.2017.10.042
https://doi.org/10.1007/s10973-024-13669-5
https://doi.org/10.1007/s10973-024-13669-5
https://doi.org/https:/doi.org/10.1016/j.renene.2021.10.081
https://doi.org/https:/doi.org/10.1016/j.jobe.2022.104814
https://doi.org/https:/doi.org/10.1016/j.energy.2024.131358
https://doi.org/https:/doi.org/10.1016/j.renene.2024.120827
https://doi.org/https:/doi.org/10.1016/j.asej.2023.102390
https://doi.org/https:/doi.org/10.1016/j.est.2022.104037
https://doi.org/https:/doi.org/10.1016/j.energy.2022.123702
https://doi.org/https:/doi.org/10.1016/j.egypro.2014.10.382
https://doi.org/https:/doi.org/10.1016/j.energy.2018.08.086
https://doi.org/https:/doi.org/10.1016/j.solener.2018.05.068
https://doi.org/https:/doi.org/10.1016/j.applthermaleng.2022.119284
https://doi.org/https:/doi.org/10.1016/j.applthermaleng.2022.119284
https://doi.org/https:/doi.org/10.1016/j.seta.2025.104413

Journal of Science and Technology Thonburi University 25

Received: Jun 19, 2025 Revised: Apr 2, 2026 Accepted: Apr 22, 2026

nsRUKUIANTITEUUAMSUNMSUsTEndlduianwuinaaiulasadauazainulusela

Tunrsiisulaunanisane
A SYSTEMIC CONCEPTUAL FRAMEWORK FOR APPLYING BLOCKCHAIN TO ENHANCE
SECURITY AND TRANSPAPRENCY IN ACADEMIC CREDIT TRANSFER

Ugunee gnuaums’, Suainid dounanse?, 3swug Fvawusiug’

Paainaeniainesane annineasmaluladnszaoundmssuasivile

Patompong Rergsamut?, Thanyarat Nomponkrang?, Jiraphan Srisomphan?
Department of Computer Education, King Mongkut’s University of Technology North Bangkok

Email: $6402042910029@email.kmutnb.ac.th!, thanyarat.n@fte kmutnb.ac.th? jiraphan.s@fte.kmutnb.ac.th’

o/ 1
Unangs
Jagdusrvunisdnnisuanisfinwiuagnisiisuleuniiefnvesantunisfinuilulsemalnedang

WAYAUNIMEAIUAINEIY NsTansteyandudeu uaranudewon1sUasuulatenals damanseny

v '
o ¢ A

npUszasAiiemuInTauLAnTszuUd MU sTuiinuay

o

seauUndeiolunisiniunu nsideiied
nsiisuleunanisinefiianulusda wazUasate IngUszgnaldinalulagnisidndnvseaiguas (OCR),
N15Us21aRAN1915550YR (NLP) wazudioniau (Blockchain) saufulunssuiunisdnnisteyanisfinw OCR
Psulasdoyaainienarsnionmidutennuiinasgnsingy vugd NP Ainssvinazdassidoutoya 1ou
578791 1059 LLaxLﬁwmé’ﬂqm Wieaduayumsiieuleunmiednegnaduszuu vieniwugniunldifiedaiy
Toyaneaanndy menmautRnnsseauduardosiunsunlutoyalneivou
nseumAnLazaadnenssuiitiausldiumsUssiliunmnzaNndidevgy 14 au wseenily
3 sy MHuA Tusseuns (Preparation Phase) nsiiaumalulagudn (Core Technology Development Phase)

WAZTUNIINTIVEBULAYTUTEIUBYR (Verification and Validation Phase) lngazuuuadeilasuluniaysvesfe

4.07, 4.10 way 4.30 mUaeU dxvoudennuatiuluanuliug AmNUUaDnfY WaTAUEINITOVBINTDULLIAN

av .«:9411114 ' 1%

NANNSITY Mmumam{]mmimzwﬁﬁwLauammmsmisﬁuﬂizmumﬁmmﬁaaﬂaﬁmmiﬁwﬂm

o v
N o o o Y

grafitdodnAny iluduanulysda anuvaendy uagnisantuneunisvitay Bnviadaduuuimadalssynd

®

o

ndAnlunisduaiulvaan Tuns@nuuuiudrdeaidviaegainusednsua

1Y

ARy : NITBNVIEAWUAL, N1TUTLIARANYITTIUNR, vAanwy, NMsuiguleuNanIsANY

30
€ e
2

Vol 10 NO 1 Jan - Jun 2026



26 Journal of Science and Technology Thonburi University

Abstract

Currently, academic record management and credit transfer systems in Thai educational
institutions face significant challenges, including processing delays, complex data management,
and vulnerability to document forgery, which collectively undermine operational credibility. Therefore,
this research aims to develop a systemic conceptual framework for secure and transparent academic
record management and credit transfer by integrating Optical Character Recognition (OCR),
Natural Language Processing (NLP), and blockchain technology. OCR facilitates the rapid conversion of
information from physical documents or images into digital text, while NLP analyzes and structures
the extracted data—such as course details, grades, and curriculum content—to support a systematic
credit transfer process. Furthermore, blockchain is utilized for secure data storage, leveraging
its decentralized architecture and resistance to unauthorized modifications.

The proposed conceptual framework and system architecture were evaluated for
appropriateness by 14 experts. The evaluation was divided into three phases: the Preparation Phase, the
Core Technology Development Phase, and the Verification and Validation Phase. The average scores
obtained for each phase were 4.07, 4.10, and 4.30, respectively, reflecting strong confidence in the
accuracy, security, and overall capability of the framework.

The findings indicate that the proposed system architecture can significantly enhance
educational data management by improving transparency, strengthening security, and reducing procedural
complexity. Moreover, it serves as a valuable applied guideline to effectively support educational

institutions in their digital transformation.
Keywords: Optical Character Recognition (OCR), Natural Language Processing (NLP), Blockchain,

Academic Credit Transfer
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Abstract

This research aims to develop a web application for analyzing corn leaf diseases by applying
deep learning techniques based on object detection to identify disease types from corn leaf images. The
proposed system employs the YOLOv11 architecture to detect and classify three types of corn leaf
diseases: corn common rust, downy mildew, and corn leaf blight. The dataset used in this study consists
of 450 corn leaf images, which were divided into training and testing sets at a ratio of 50:50. Due to the
limited size of the dataset, the focus is on practical application rather than competing on accuracy, in
order to reduce the problem of overfitting. The system performance was evaluated using standard
metrics, including accuracy, precision, recall, and F1-score.

Experimental results demonstrate that the proposed model can effectively detect and classify
corn leaf diseases with satisfactory accuracy and can be deployed in real-time through a web application.
The findings indicate the potential of deep learning-based object detection techniques to support plant
disease analysis and contribute to the advancement of precision agriculture in the future.

Keywords : Corn Diseases, Image Processing, YOLO, Deep Learning, Web Application

unin

Uszinalneiduguandninnddy Tnsnsnusuiauinissiauazauife ssfuussmadlidud
mmﬁﬂﬁzysuaﬁniwmﬁiamﬂmwmuasqmammimmms (NFUAVINITNBAT, 2566) N1553UIAT0ALsATUT1IINA
wu Tsasadudrilng (Com Common Rust) Tsasinéna (Downy Mildew) Tsalulvsidnalng (Com Blight) Snwils
Hadeivilrinanandlnafinanldliiemererugomnisly ilddedinmsidenussmeiioutusazuen
9T FatunisnsranuLayuunlsrlussezdudumlevesnssanislsafivfiiiusednsuna (Waheed et al.,
2020; Fraiwan et al., 2022) %aawmsaa%nmmLﬁamwiawamﬁmlﬁqaﬁa 20-60% nlalasun1snsIadumay
Jan1508199ure# (Janruang and Unartngam, 2018) anugayidedanailiiiissuwsnssnudonelivesnuning
egey uididmaraiafissnnduingivemnsdniuaranuiunwnieimslagsau FBrsnsadulsauuusaha

o o o

TudszwAlnedindunisdanalaedidsimainues ddddiaiuu Sedrinduinnuyaains wasliamnsasessy

'
a

funmnzgninevnlaniusienisseuin

U338 v81 (Fraiwan et al., 2022) Waunluna Deep Learning vugadayaninlufivuasduduindu

Ao o o o ) o | ' Iy A a .
wwIeiidnenngsdmiunisnsiadulsaluseaulsun TugialdAlneiuun watla Deep Learning lngianig
an1Unenssu Convolutional Neural Networks uazlumansgna YOLO gniuildiiensnsiaduuasdnuunlsaly
WYAIEAULLIUEIG (Aldakheel et al., 2024; Alhwaiti et al., 2025) kaga1uITeaun1susegndldauaein
SIUTINITHAIUINLAANTUTELANTAINWALNITINTLUUIBUAD LU STUULU way loT wWinlimnunsnsaiunse
FUlnannmukarsunsIndewuusealny Jsaennasanu (Parez et al,, 2023) wuINIBLAYASWUUE (Precision

| ]

Agriculture) Mg sannisaaydounaznisdnduladannga jua

3TeVe3 (Zhou, Z., et al,, 2021) lasTiinsounquuuInew1e 9 veinsnTadulsawasiuasuuiivlag

14 deep learing wusmuwwINIA (classification, detection, segmentation) W3au39158i9Auds Aoy wazi

Vol 10 NO 1 Jan - Jun 2026



Journal of Science and Technology Thonburi University 41

MYVDILAAZUUIN LU mﬁmsquﬁa;&aﬁwmﬂuaw, nMsvhauneau, Jymuduasiiunds Dudu Tuduwes
(Li et al,, 2022) wauaananinenssu FL-EfficientNet (Focal loss + EfficientNet) @ nsusdnuunlsafignaralseian
w¥oumadia attention wag loss function WU focal Wiefuilafusetsfienndenissiuun nan1svaaeuanti)
accuracy q&ﬁﬂ 99.72% 91u7498 (Zhang et al., 2024) 5iwiumawma§'u (DenseNet201, EfficientNetBO,
InceptionResNetv2 “1a<1) 181 ensemble iaifinarnuusiugtlunissiuunlsafis nasusieaudl ensemble
mmsaiﬁmmmiuehagiﬁ 99.89% uuyateya PlantVillage :1uv04 (Kaur & Singh, 2022) T4lstaa CNN i pre-
trained (DenseNet-121, ResNet-50, VGG-16, Inception V4) wan fine-tune ﬁusﬁayjabﬂﬁﬂj Lﬁaeﬁﬁaﬁmimﬁ’mun
Tsaldagnadiuszananm suisedimunluma deep learning Wieiladalsafivlumaneites (multi-crop disease
detection) “1uUv® (Li et al., 2023) T¥dunou preprocessing, augmentation wagldanlassasiaaiaaneli
wizay wavegoulunangiulaninan 1388 (Wang et al., 2024) eanlkuu CNN i (lightweight) d115u
Fuunlsalunin ielfannsauszutanavugunsal edge I nuinlunadanslinnuusiugrgausiddediin
V$NeINs UITE04 (Hossain et al, 2025) Wautwelvuiefofiddluna CNN (VGG16, AlexNet, ResNet50)

dmsuaradulsaluludmilnawuuisealygd wuin VGG16 Timnuwiugn ~95% vuganageu Muideves (Cap et

'
a

al., 2020) 1@uea5 19 N (data augmentation) A28 GAN (LeafGAN) Mdsunmitwunidlmduiividenns
lsAanziazae lngiiuanuvainratgvestoya vilinan1s3uunlsauuyadayanaaauiiuay 7.4% 11uves
(Thakur et al., 2022) 594LWIAA Vision Transformer fiu CNN Liteidadelsaiiy wisuldwaila explainable Al

(xA) iellunaiaueiueld (interpretability) Ingsigarunadn PlantxviT Wianuusdugraslunaisyadeya

aa o

gavineauYes (Wang et al, 2022) 11u33eild1573 70 1ATenussynd deep learning Aunsitladelsaiiguas

< =]

wwldun1sleu nulnnalialy transfer learning, data augmentation, ensemble models [Wuyflon wagd
043191309 generalization P1ua1uHY INNISMUMIUITIUNTSHNeesasUladn mTitademearenndad

Anudswianuranniou Insanglunsdinlsreglussusisudurielionnisaseaisiulsnduy nsussendly

s

YeyeyruUsedug (Artificial Intelligence: Al) wag Deep Learning 39lasumiuaulasgranitsvnslunisidesedu

WU
Tuusunuszwelne nsadreszvuiiamnsadiwunlsatnlnaled diuiu (Website Platform) doidu
winnssuntreuilatodninddasasenugiuiiununsns Wesmninuasnsdwluganunsadfsamnialnuiay

o

Suwmesidauinnityaainsgilisnry nsiauiszuuiildluna YOLOVIL Fududaneifiunisnsiaduingiid

q

AnISIarANURiug1ge g lididaunsaduinannmluiilnadidssuuiielinsziuar Sunanisitiadelse

v v
§ v o v

gt ndeurarudesiu (Confidence Score) fitraifinananindofiovemadng dfumuddoiianudfylu
Baasugha deu uazdvnis laelidewadienunsnsineananugadsainlsaii widudusingugnisiauw
unamslasuinunssanios (Smart Agriculture Platform) fiansnsavensnagnisnsiadulsaitvaiindus n1sdauun
wuunanelsandonriu (Multi-disease Classification) titesesiuinunsutiuglusuan
InUITaIAYaIN1sIvY

1. Werimunszuuduunlsalulutnlnafeomadamsisousidedn

2. DDDNLUULAL WAL UL UNALATUA IS UNTIATIZRNaN15A I ulsAT I INe

Vol 10 NO 1 Jan - Jun 2026



42 Journal of Science and Technology Thonburi University

YDULVAVDINTSIY
1. YpuLInveleya
Foyanmveslsaluluinnaitldlunisasiadu 1w 3 vl 1éun Tsasrada $12lma (Com Common
Rust) 155111813 (Downy mildew) Tsalulwsidalna (corn blight) Ima%’a;ﬂamwﬁisﬁﬁy’wm S 450 AW B
wUseonidugein (Training Set) §1uau 225 7 wazgavageu (Testing Set) $1uu 225 AW
2. voulndnunealuladuaziadesdle
2.1 14luea yoLovi1 dmsuduunlsn
2.2 Wauwonmdindusomaluladiiv lneanansadulvannimuazsunanisiinsevikuiules
/AU
1. numnssaunssiuazaifeiiiedestuszuunsadulsadi
Taegatulufimsléimadansuszanananmuasyanuseivs (A) LﬁaiLﬂiwﬁ{]zymﬁ'Lﬁﬂsﬁu‘luﬂdmwﬂiﬁ
Ugnimlwe uazimuauuamisnisudly fe nmseenuuuszuuiiannsonmadusazinszildlnesnlvan
2. mafivTiusindeya
mafiurunuteyadmiumsinaeulumaduiumsiaesiusm awluinlnedifernisvedsasiieg amn

wastoyanien loud gudidefirunsalssd invnsounaidiosiunanys (qudidednlnauasaissd, 2566) lag

WoNANTITUIANIN 640x640 warszylsAlataLaY

7
| B
r 7. "

29 1 wansdeyanintsalulud1ilng
3. MI3FnTELTaYaN WAL Label

N3N NE N WA UNTAREDARAITILTLN15YIN Label vwdulasd Roboflow Inarvundoraiatdu

Common Rust, Downy Mildew tag Corn Blight

Vol 10 NO 1 Jan - Jun 2026



Journal of Science and Technology Thonburi University 43

AN 2 LERIN19YN Label AW

4. Mmsafalumadmiunisnsadulsalutilnalaznisnaaes

nsrurunIMaasutseeniu 2 Suneundn ldun n1siinaouluina (Training Phase) {348 1414
an1tlmenssu YoLovi1 Tunsadalumadmiunsaadulsaludnlng lnefnunaaanonmn 3 Ussian Tiud
Common Rust, Downy Mildew uag Corn Blight ﬁmi”wm%aqﬂaﬂwwﬁisﬁﬁgﬁmm’wmumwsm 450 A1 TngLus
Foyarlu 50:50 TngndnIunisdndiu 70:30 wa 80:20 wanzaufunudifiyadeyavuinnatsisvunlng uay
Jatiunsiinussansnmeeslunaidundn yadeyafivuindrfnuasiienuvainnategs msudstoyaludnsdon
50:50 annsafiedefevemansUsziliuldfinin iesandyamaasuiiiisswslumsagiiouauaunss
voslunariatoya dadunindmiunisiinasu (Training Set) S1uau 225 nm wlsnsfinaouadaiu Tunaiildas
gnihlunmaeudieyateyanaaey (Testing Set) 91U 225 M FedlnsuusnwoenauaaaTuLAEITUYn
Anaeu lngnanismaasugnuseiiiusmieinaeiiuauwiugl (Accuracy) wardsedn3amn (Performance) luns

ASITULSAVDILAATAANE AININT 3

Vol 10 NO 1 Jan - Jun 2026



44 Journal of Science and Technology Thonburi University

Dataset
450 images

e

train set Test Set
225 imageS | 225 images
Evaluate

Accuracy, Precision,

Recall, F1-score

Train YOLOV11 } best.pt

‘ Web Application

‘ Upload'image ’

Predict
Detect Disease

[

J’ |

Common Rust | ‘ Downy Mildew

‘ ‘ Corn Blight

|
l

Recommendation

385a1 Common Rust

a1 Downy Milde

g
g5nu1 Corn Blight

b oo

W

P °
AN 3 NMSINadliag

5. M5UsEEIUUTEANSNNVDILULAALATHAANS

n5viuneazly Confusion Matrix kazudnn15un15UsEIEU Machine Learning Model tionagouau

wiiuguasanugniewedlnmanudeyailizunisussdiu angevageudiuau 225 o wiadu 3 aanas) av 75

2N lnelisnyazdunnadl

A15197 1 A1 Confusion Matrix vadluina

av 13A5111A9 (Downy N

dew, C = Corn Blight

Ha Predicted ) ) .
001319 1 faaslsasiauu (Com Comagn 58?‘9@3%%@@%@0%%@&% “&%H%E?éﬁu
Humey s RS R 75 0 0

AfRYN 1 VB@\()V%’%/HME%@VN Inelgaeyanuo: A= Corn Corpmon Rysf, B = Cémn Doyny Ml
) .N @3#?15@\% ITTU B+ RTWIU C = PFTFT =255 -
UUROUTT 2 W TP ROAETA

TP, =75, TPy = 73, TP. = 73

Vol 10 NO 1 Jan - Jun 2026



Journal of Science and Technology Thonburi University 45

JURDUN 3 AU Precision / Recall / F1 famad
gnsitugu
TP;

TP;+FP;
TP;

TPi+FN;

Precision;XRecall;

. . Precisioni+Recal_li

Jupoui 4 A1 Accuracy wazALaae Precision / Recall / F1 wasliing
TP4+TPp+TPc  75+73+73 221

Precision; =

Recall; =

F1; = 2 %

Accuracy = =—=0.9822
P, N 225 225
Precision = ———— = 221/225 = 0.9822
TP;+FP;
TP;
Recall = ——— = 221/225 = 0.9822
TPi+FN;
Precision;xRecall; 0.9822x0.9822
Fl-score 2 x — =2X = 0.9822
Precision;+Recall; 0.9822+0.9822

A15799 2 ANUSEANSAN Precision, Recall kay F1-Score Uadlatnadniunlsnt1alng

AR Precision | Recall F1 Score
Corn Common Rust 1.00 1.00 1.00
Downy mildew 0973 0.973 0973
corn blight 0.973 0.973 0.973
AndsynAana Accuracy = 98.22%

TnAs1e7 2 naveslumansiadulsaluludnlnesa 3 sdnldodrediussavsnm lnodlofinnsaniiavaana
nuln 1sasraiug1ilne (Corn Common Rust) Iumamm%’ﬂé’gﬂﬁaaﬁwm lsfideRinnannias A1 Precision,
Recall uag F1 Score = 1.00 (v3a 100%) uansiluinaamisausnisasiaisldodiudugiign Tsnsmndng
(Downy Mildew) @1 Precision = 0.973, Recall = 0.973, F1 Score = 0.973 lsalulugid1alng (Corn Blight) A1

Precision = 0.973, Recall = 0.973, F1 Score = 0.973 AadgynaAnaruuiug Wiy 98.22%

29 4 wananadnsnsiglunanisnsiasulsaludnilng

Vol 10 NO 1 Jan - Jun 2026



46  Journal of Science and Technology Thonburi University

PN 4 wavedlinansiaulsalulutilnaiigniinieanitdnenssy YOLOVIT lngamivianiluansua
nMsIsunUszanvedlsnnieg Anululutnlng nmkaaznniinsauuendinisuedlsn nioutelatazAInIm
fiula (Confidence score) 1w corn blight 0.9 dnwagluldfiaumainvans Manaatazyundas wansliiuid

Tumaanunsnsesfuanuvanvangyastaya (robustness) 1a

Precision-Recall Curve

=—#— Corn Commen Rust 0.980

—e— Downy Mildew 0.973
Corn Blight 0.973

== All classes mAP 0.986

1.000

0.995

0.990

0.985

Precision

0.980

0.975

0.970

0.0 0.2 0.4 0.6 0.8 1.0
Recall

AN 5 nslUSeuLguan Precision AU Recall vadluwma

NAMTA 5 N5 Precision-Recall Curve wansliiiiuinlina YOLOV1 anunsansiadusazduunlsnaly
Tudmlnans 3 yialdegradiusyansaimas nelianuaunasening Precision way Recall Fwayviouiianinuaiunsa
lun1sasianulsaldasudiunieudunisviung Nlianugneesgs atvayuanumuizauveasunadmiung

Uszgndldauatwuduieundintuinunisinszilsaiiy

NAN15IY

1. namsUszdvlunalsadalnndae Confusion Matrix uwazA1diasieg uanslifiuiluna YOLOVL &
UsganSamgdlunisdnuunlsa lngianigaata Com Common Rust vihuweldgnsias 100% (Precision uay Recall
Wity 1.00) dm¥umata Downy mildew wag com blight luimafiiusyansnmitumela Tnedlen F1-Score aaﬂi*ﬁ'
0.97 wav 0.97 amuadu Tnesiuudnadnsilgsuduinlumaiiiinuuiuguazindedelunisiluldouite

psvTuLazduUnlsAd g WeSsuiisulumanis o dusunisaadenlumaliiiuss@nsnwauninuudugl

v
v a

wazANULSIAINgaNfuulaael

Vol 10 NO 1 Jan - Jun 2026



Journal of Science and Technology Thonburi University 47

A15197 3 Wisuguaatnenssuwmazlunanisawunlsatiing

Model accuracy | Precision | Recall | F1-Score | Inference Time (ms/img)
YOLOv5N 94.8% 95.1% | 94.5% | 94.8% 8.3
YOLOvV8n 96.3% 96.9% | 95.6% | 96.2% 7.5
YOLOv11n 98.2% 98.2% | 98.2% | 98.2% 6.9
ResNet-50 91.2% 92.0% | 90.4% | 91.2% 58.4
MobileNetV2 88.6% 89.1% | 87.8% | 88.4% 5.9

MnnsWisuiitevaniinenssuusiazlunanalsingin fMuauutudigeiigaldun yoLoviin
maduAairgeaaldun MobileNetv2 uidloiIeuifisuisaaslunatiisiuauusiuduazanui
agUldin Tuiea YoLOV11n Sinnmmsnzaufuauanniign fo Annausiug i 98.2% a1uifail 6.9 ms/img
Tuwaued MobileNetv2 Aauuaiugniins 88.6% Audafl 5.9 ms/img §9anusalaisnafusnninusaiy
wilugvieiuieu 10%

2. nadwsainmaveaeulinalunisldnuasiunivkeundedu lnensdnlnangunnwlitussuule
Anszrinsadulsad i lnauazisnssne Mewennsa https:/dfbbdaf0f325.nerok-free.app/ (@annsTdfau

ngrok mnUaasasiuarldlidls lnenueawmsaivavivdeuld Wevhnisiasyuulnldan)

#Z szuuasraisainne

Fltwannmwluiiwacia imuwienniiss wizudwushlums¥ang

£ Fanalwdam

Drag and drop file here
N . § - Browse files

TR O=I OneDrive 7878 - o x
Haome Share View Cloud Storage 9
< v » ThisPC » Pictures » 7878 ~ Q& | Search 7878 »

~
@, OneDrive

Attachments
[ Desktop
|=| Documents
B Music @116

27 6 wansmanIsadeuly mauuﬁmwﬂwéwﬁu

a < axg ¥ a < a 1 v aa [ v oa s a 17
ANANA 6 1WuNSuanIdlTUaS UL UL UNALATY 91’3EJ’JSﬂ']'ﬁE]WIMﬁG]ﬂWWIUENL‘UWL’J@i I@EJL?EJWUE];JU@

luaseauazdaiienses ludegnsesiulndninuiuana JPG, JPEG,PNG

Vol 10 NO 1 Jan - Jun 2026



48  Journal of Science and Technology Thonburi University

P wanshiansw

AW 7 Han1sveaauliealunisguas I uweUnaLATu

INNNT 7 HATRINIITNAGRUAINYNABarAILLug e duaalunTnsadulsat I lnauagIENg
$nwn Tudegransranuidu Tsaluludidilng (Comn blight) nan1sasraduvunIn fAnAdesiu (Confidence)

0.55 wiauuansae Isun wasleiu

P wamvierev

AN 8 LEARIFIBEINANTIAT TN ULSA

v

- d" 1 v P ] v I o A U w 1
AINAINY 8 NAVBINITNAFDU Lllallllliiﬂiumq'li'wmiﬂaﬂqqﬂ'l']llgﬂfﬂaﬁu:agLL@Ju%J’]EJﬂVleJQLLaﬂQﬂ’]iI‘W

Awugtntdaatunsnalee

a 1% a
AN5197 4 HaN1SNAEBULLLAA MUINTSLU9IURS

msnagaulunalunslgauass
Folsa SruauAsIaun fﬂ"ﬁmuﬂ%”qﬁgnﬁaa ANuNAasfosas
Tspsatiugnalne 30 29 96.00
15A5UIAN 30 26 86.00
Tsatulwsidnalne 30 27 90.00
Shuviavan 90 82 91.11

Vol 10 NO 1 Jan - Jun 2026



Journal of Science and Technology Thonburi University 49

s 4 1unammeaeulinalumsldnuaiafiemanugniesiazausiudvesinainnis
naEeURINn 90 A% Tspaz 30 ASa dnaded 1) ssradudalng gnFea 29 ads Andudonar 96.00, 2) lsas
1héns gnifes 26 ads Andufesar 86.00, 3) lsnsnindns gnies 27 Ay Andu Souar 90.00, lAsAugndDg
Tngsauwiiuiosas 91.11

namseEuandliiuin lmaiiauntuienuannsolunsaseiulsatnineldosaiiuszansam
¢ msUszendléinada YoLOVI1 Fadumaliladillanidudmivnunsiaduinquuuieals shlszuuananse
Uszananaldogumniuazusiud dwalnsnsonisiiiulszdvsnmlunidedouas seyamueslsadnlnely
syozBudlsegieiiden

Forausnugiiniiy arsinismaaouiinidnluaniunisalfifiaunainnaisuazdudou 19y n1s
Wasuwaswesan muasiuaneiu vienmsaduinglunsaififinnsuateundu msveaeuluaniniinden
Beztelsuiiuin foiduniedleddyiitiouidgmbiuiinunsnsfugnintne uazduiegaiidaaulunis

duadsulriinsuuinnssunnldifesnseauann ndinuwazasnanudssulunanuasnssusely

dsunauazanusena

NRaNIINARBINUINIAS YOLOVIIn Tianuuiugigegalunisdiuunlsavastnnlnalaeiiniy

'
=

LUUEN WU 98.2% 5898911AD YOLOVEN AU 96.3%) Ay YOLOVSs WinAu  94.8% e ResNet-50 way

o o

MobileNetV2 fnnuusiugianatagataiay wesannadandnenssunsaastunisnsiaduingniluludaninis

q
¥

wnninsnTniudadealnl dedesendunisuszinanaiininiiuarainsndudnuasdnasiui (texture) 1
gaflszAnSain aunndl YOLOVI1n Winafininluinadu awnsneduiglddendnnisues Convolutional
Neural Network (CNN) figjaitfunisideusandnuasdsiud (spatial features) 917w 1 & 910018 waziiufz
Feilauduiuslnenssiulsavesals (Zhou et al, 2021) Tng YOLOVI1 Sn1swarunlAs@s1awuy Hybrid
Backbone (RT-DETR) wazldnaln Anchor-free Detection fiaelinsaduinguuiaidnuazdanududoulsusiug
ATLUUSARY ﬁﬂgﬂamszym overfitting TuﬁagaﬁmLﬁﬂ (Li et al., 2023; Zhang et al., 2024)

Faru awsnagulidn YoLovl in iuaanilnenssudisiussansnmgagn dmdunisduunlsaves
dlne osnannsaFeudfinedddnveduariuialdosaudugt farmdlunisUssinanags waranaiu
AaaLedeuYeINsILnlFFnIlunady uanmn‘ﬁé’ﬂLflw?haemﬁuaqmiﬁmdfmﬂssmﬂ%l,ﬁaaﬂszé’mmmw%ﬁm
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UNANED

nseuwindunszuiummdsmaiuiedifionuddydeaunm suvasnds uazergnisiiuinmves
anulnsuazivayulng mu’iﬁaﬁ@juﬁumiﬁmmLL‘UU'«ﬁ’waaﬂmqsziwﬂizmmﬁw (Artificial Neural Network: ANN)
WleviunengAnssuniseuurauensz ey (Boesenbergia rotunda) meldannizanyannia lngldinsveass
amﬁﬁmmﬁué’uyiiﬁ 3 5¢6U (5, 10 kag 15 kPa) LagAUNUIAIBENe 3 S2AU (3, 5 kay 7 mm) Lagiansans?
wusérAgy laun ALTY (Moisture Content; MC) §m51d2uA11du (Moisture Ratio; MR) waz§ns1n15uia
(Drying Rate; DR) Kan1591naesd it niseuuiefinanudum 5 kPa dreviindszansnmlunisaedi vl
syozaneuwiaduiian Turaefinnuduiigaudmaliinisaisthdias wuudiaes ANN Avaunduilassaing
Uszneusae 2 dugey (Hidden Layers) weunalnnisvganauian (Early Stopping) kazn1sususgnsinisiieus
(Learning Rate Reduction) tfieifisusz@vBamnnsiFeus nansuszifiunuinuvuiassiinuaeandesiuteya
msneassegiiBun Tngldan R? 11nnan 0.98, A1 RMSE #1n31 0.03 wazAn MAPE 9gT¥1iNe 3.8-10.9% uansly

Wiuflernnuueienazainuauisaves ANN lunisviuenginssuniseuwisnigldanizagyinialiegi
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A7)
o

wlug dedu n133veastuandliiiulisdnaninves ANN lunisuszgndldiioinusz@nsnmuazaiuny
NITUIUNITEULISAR R INMAvedayulng Fulusylevisoniseeniuussuumseulusedugnamngsy maUsendn
WAINY wazn1sAIRNINTEsayUlnsTinnAINEeN

q

ANEATY : NSTYIBUY, NMTURIREAINTA, LATeingUssamiiiey, §nT1n15uiAs
Abstract

Drying is a crucial post-harvest process that significantly affects the quality, safety, and shelf-life
of herbal materials. This study aimed to develop an Artificial Neural Network (ANN) model to predict the
drying behavior of fingerroot (Boesenbergia rotunda) under vacuum conditions. Drying experiments were
conducted at three absolute pressures (5, 10, and 15 kPa) and three sample thicknesses (3, 5, and 7 mm),
with key response variables including moisture content (MC), moisture ratio (MR), and drying rate (DR). The
results indicated that drying at a low pressure of 5 kPa enhanced moisture removal efficiency, resulting in
the shortest drying time, whereas higher pressures slowed down the drying process. The developed ANN
model consisted of two hidden layers and incorporated early stopping and learning rate reduction
mechanisms to optimize training performance. Model evaluation showed excellent agreement with
experimental data, with R* values exceeding 0.98, RMSE below 0.03, and MAPE ranging from 3.8% to
10.9%, demonstrating the reliability and predictive capability of the developed ANN model for vacuum
drying behavior prediction. This study highlights the potential of ANN for improving efficiency and
controlling vacuum drying processes of herbal materials, contributing to industrial-scale dryer design,
energy savings, and preservation of bioactive compounds in medicinal herbs.

Keywords : Fingerroot, Vacuum Drying, Artificial Neural Network, Drying Rate

unin

nsz18 (Boesenbergia rotunda) 1uasyulnsluidls (Zingiberaceae) Feldisluemsuaznisunnd
wilunalugiiniaedens fusenidedld (Trakoontivakom et al, 2001) tosanansoongnivnadanm Loy
unugIIfiu 1o (Panduratin A) wazilualnsu (Pinostrobin) Feflqysunissniay fusyyadass Funuaiiise
Funzisa wavansuszneufiuedniitiedafivainaisaiueiaviaiedls (Reactive Carbonyl Species — RCS) 8n
Wadaiisneeruinauisadiulada SARS-Cov-2 1 (Techapichetvanich et al, 2024;Phahom & Mano, 2023;
Shindo, Kato, Kinoshita, Kobayashi, & Koike, 2006)8 3511 n1sinwIasdAgy mehﬁiwdnmmﬂigﬂﬁaﬁ
auddtfonunLazauaTRvnaEveman e vildunszumunsmdnlflunsouesaulnsie n1seuwsis

FerrganmuTuiiedneien1siiuing annisdeuaaisvesansdify wazdudini1sa3yvesgdunsd (man

3

Fahrudin, Sulaiman, Rukayadi, & Sukaryadi, 2020) 35N150ULANLY U nsoumigansau lulashn wavamund danas

CRe A7)

AuaudinInIenIn il wasdinmvemdndud lnefisigauinnisevuisielulasanluanizgyyinie

v o

o

a113naAARULIILATY 90% Wiailsuiuniseuwisiieauiou (Therdthai & Northongkom, 2011) Uaguudsdl
AMFHAILIITNNTOULAMUUNAUNEIY LU NeULAIaNSausuAulalasN MspuLtsuuLdEanuds wagnisae

Wuveealuda liesnwiAMNMUaIHan i liABTY (Zielinska, Ropelewska, Xiao, Mujumdar, & Law, 2020)

Vol 10 NO 1 Jan - Jun 2026



Journal of Science and Technology Thonburi University 53

nseuwiauuutdenuiudumaiafifidnsamgdunisrinuninuazaisesngriveanszns suAdenuinns
Uuannig 1wy gaumgil Lan wazAinavate dradeusinaansiiuednuazanuanansalunisiueyyadasyegied
o1&y (Therdthai & Northongkom, 2011) Bnvadsfinsl438nsadfuarnisasranuudassdugs 1wy nn3
TATERNsanneeludunyan n15ATIEiesdUsEnaunan wazn1sidlasaineUssainifiey (Artificial Neural
Networks: ANN) LﬁaﬁmwLLazLﬁuﬂﬁsﬁw%mwmsmumiaf’fmmiaaﬂqwé (Phahom & Mano, 2023, Menlik,
Ozdemir, & Kirmaci, 2010) Tusnun1seukAIkuugayIn1a 1uidesieanuiinisidlulasnsinluaniie
A MAEIIfinSnIINTe ULl sEAvE I nsraIsaRulFnn UL sanseu (Therdthai
& Northongkom, 2011) Tngerdandnnisereleunudununguesansds (Darcy’s Law) Seldanuunnsises
ausudusduiadeu (Chen & Lamb, 2007) 33dtelensniseuuiadtu IWndanutiosas uaswmsnzause
n15Usrendldlugnanvngsy (lman Fahrudin et al, 2020) wananmalulagniseuwiauas Jagdu inadanis
3ouiveaaies (Machine Leamning) li3unsuszyndldegnanirswndumsairswuudiassuazyiunewginssu
nsouus lnglanelassnguszanidion (ANN) Sauanadszansamlunisussinanaruduiusilidudady
wazaIIsaIUIeMLUTEAY LY Vnamnudunazdnsiniseuurildesauiug (Martynenko & Misra, 2020,
Khan, Sablani, Joardder, & Karim, 2022, Menlik et al,, 2010) 8g15l5Ann udsefiniuuiefun1seuLis
nszveInfsjutuissuguanifiviinieaimuaziedl suginsiauinuuiiasadsaanisaldmiuuianm
AUTY (Moisture Content: MC) §a51dauauTY (Moisture Ratio: MR) wazsnsin1suis (Drying Rate: DR) Tu

' ' o o

annrayyInAdileyag1edinin

Y
v

ey ATeili g Usvasdifleiauuuudaedasessyadion (ANN) dwsuiuengfinssuns
puUWNYRINTEMEvItuan gy INATINAUENNeS tnefiansuduusddy Laun MC, MR uag DR agls
sERuANNAUENYTA] 3 SEAU fiB 5, 10 uar 15 kPa WAZAUNUIVBIFIBENN 3 SEAU AR 3, 5 uAg 7 mm w¥ouia
Usgiiuanuwsiugvaawuudiaadinely RMSE, MAPE way R? HaNIFNE TNt usufnen wBLUUs a0
TasstngUszamidion (ANN) luniseuauuagtiinyszdnsnmniseunienssyevnsefugnamnssyldeeidl

Usednona

IUszaA

' o

1. ilefnundnunizuardnmmIsunieinszeunnigldmssuuiuuuagaimauiudanes

2. WleaunuuiaesdwndinmandselassieUssamiion dmiunisiunenginssunisouuises
N3YYVILUT

3. ileUssiduanuuwiugveanuudtasdlaseinsUssamiisslunisweinsaingAnssunisouniaues

nszmevnnglaseauanududuyainuandieiy

A5andun1599Y

wumslagerdeiiugrumamguiuasnuidenineiteusndssgndliluniseeniuunimaaes

o«

o

NUIY

1
o
U
¢ d'

warn1Timszideya Welilinansidefigndewaziidedie Inelsvazidentunaunisaniuaudall

Y
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ASLASUNADENAADS

a ) i3

fegensymerfildlunisnaasgndaiionainingivndanning dsndrvianuazenn Wy

FupuANNRUINAMUA TaUA 3, 5 way 7 mm uaaziegisavdaiminsudulssann 100 ¢ ldasluainauuis

wazihdngnssuiunseuwiadunan 8 ilus anndudaiming dnasaiietuiiniminudseuuic Joyadiliae

saa '

PanlglunsauiumaianutususuRds tnen1snaasstidnuiu 5 asufislilanadnsAinnuindeie wang

9 -
AININN 1

ANT 1 FR9819NTEYVNINAIUNU 3, 5 kag 7 mm

YAgUNIAIN1SNARLY

'
=

n1snaasdldinsasouwituugyyINAToaNkUUL AN TVUIALEURIUALENa1 330 mm 817 800
mm ¥ 2.55 mm AR 58 L anunsanuusaiulagegn 2.55 MPa uagnuussdudala 3.30 MPa ssuuvinAiy
Sawmednwesiniivuin 700 W nSenduguayiniaaussauglianndy 1/4 HP 100 L/min lngdsrnnududuysal

#1 5, 10 uag 15 kPa muANguugiif 50 °C iesyuy PID kanienIni 2 sivasidenvesgunsaliildlunismaass

Y

o a
LLERINIAITINN 1

v
a v = o [

msidengaungil 50 °C dwfumseuwislunuldediivanadiA 2 Usen1s Usen1susn gaumgiidana

9

o

a = o w

Hewldlunseuuisayulnsuarndndusiinunsniaiseongramedinin ieannisagyideansdidaan

o

Wuseaud
a
Y

]

a

Anusouaniull Inganzansusenauiluedntarnailiueentunseneund Jseradsuan nlananvalainin 60

9 Y Y
v

°C (Therdthai & Northongkom, 2011; Ilman Fahrudin et al., 2020) Usznsfiaes Iuan'nsqmapﬂm 11gIENY
flguugdinigadonunfidesainauduloanas iiliguugd 50 °C Wismedmiunisaisiiogned
Uszavsnm Tnglidududedinnuiougs Sssonadosiundnnsdiemanalussuugaaniaiiondeasuaneng
yoswiudusduiadeunisseme (Chen & Lamb, 2007)

dmunsidenseiunnududuysaid 5, 10 uae 15 kPa Hu fvmuadall Ysaududsndneglutasd
ansavilinfeniigumgiisindt 50 °C Ssaonadestugamgliauauvesszuy fanud 5 kPa gaifonvanin
ogfiUszanal 32.9 °C IMNNdY 10 kPa Jeufionogiuszanal 45.8 °C uazfinudiu 15 kPa gaifenagfiuszaa
54.0 °C %qsthﬁqnénaxﬁaquaﬂﬁiumﬁszmaﬁtmﬂmqﬁuaﬁiwﬁmw inlanusafinyINar09ANAURDEN T
nseuwAldedInsaURqY uen NG 929AuAY 5-15 kPa Jutsiigunsaiduayannamaialuaunsninwm
Ifegsioidlewariiafivsnwluszduiesujifing wasduduisiinonmilunuddoniseuuieayginiaves

m5mﬁmsﬁmwmLLazanquiwwmwﬁm (Chen & Lamb, 2007; Li, Wang, Wu, Wan, & Yang, 2020)
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29 2 gunsaldmTunITRULIMUUYYINTA

M5 1 gunsaldmunIToULSULA NP

1) feeuLAsINA 6) YAIUANGUNNINBIDULIAILTLUY PID
2) 1NIINANUAY 7) %quyapmﬂ
3) 21AINDWNT 8) mesluAuladwiuingungiivensemevn
4) Wangad (wIssdaimnin) 9) Mudasdnyeed
5) Sanesuvia Spec 700W 220VAC 10) i3estiufintoya
EEHREIEERE

WSENAIBE 1N TV TINNTUABULWITR 3.1 UaTIRITERIVUNINBULIN AaAAUAUENYTINTEAUT

° a

MmuA A 5, 10 way 15 kPa LazlsunszuIunTauwie Juiinuminvesiieg1ann 30 w19l auNsENIANTY

gavineagluyie 4.55 - 13.64% (d.b.) AMUINANUTINUAMNTY §AT1AIUANNTY UaENIINTTOURE INToya

1
v ' '
o o o =2 v P

dwiinniufindoyaanngnisvaaesdu q W anudu ety uasdoyadu q Weldussneumslinszviuas
limuuudiaes
nsWAILIkazNagaULUUTIaRdlATIdneUsEE BN
nsafsuuutasdasesssamiieniinguszasdiiovhunengAnssunsouurieueanssyenn Tgld
T93AIINNITNARBY LYY LIA1DULIY TEAUAIUAY ATUTUNYBT U819 1IaTen WAL uud Lagen

o =2

ANUTUNTUTNLA WERILNUATNIASIES 19D UUTaR AT sUsSTa M TeUlasanIng 3
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INPUT LAYER HIDDEN LAYER OUTPUT LAYER
LAYER 1

Drying Time —={

Pressure —

Sample thickness —»

{_— Moisture Ratio
Wet mass —=
Dry mass — _— Moisture Content

Sample Temperature —»

~¥_— Drying Rate
Initial moisture content—={

Moisture content
at any given time — ~

- Nodes = 32
Nodes = 64

AN 3 BHUNINIASIAS19vRIlASII8USEAMLTEY (ANN)

1. Tas9as19U9 L UUTa0UsENOUMIY 3 dumnan Laun
- %u%uwm (Input Layer): MUU5a5¥INNTNAGL
- ffugion (Hidden Layers): 11 2 9 duusnil 64 vun uaztuiiaosd 32 T WilsiFunsduuuy ReLU
- %u’w,mﬁwm (Output Layer): Usznaumeriigesnisyiune 1aun MC, MR wag DR T4lsidudadu
2. Wsdwesaniunsinlumg
- Learning Rate: 0.001
- Epochs: 500 s8U
- Batch Size: 16
- Weight Initialization: Xavier/Glorot Uniform
- Optimizer: Adam
- Early Stopping iie Validation Loss Tyianad 30 seufiaseriy
3. M3Uszdiunalddntin wu fn R-squared (R?), RMSE @z MAPE iiietnainuusiusivasuuusiass
IassieUszamiioy
nMsBeuldaiuuuusiasddnre Python Tnsendelausis TensorFlow uag Scikit-Learn 4unaunns
wigutayausznaumien1snsIaasy Outliers 315 Missing Values USuainanie MinMaxScaler haguuitaya
\Ju Training Set (80%) wag Testing Set (20%) AouthlUldflnuazUsviliuna
NMIATIZINTZUIUNITOULAS
ANIFILNUIANUSIN ALY (Moisture content, MC) “Lugﬂuwmaafmﬁfﬂuﬁa (Dry basis) \0usus
AdnTliUseduysyAnB TN sTUIUNITOULIAS Tnefmnandnnduszrinaiminvenifissneeenluiu
dmfhuesansutravie Tnefuanenaunsd (1) (Taghinezhad et al, 2020)

Wi-Wy

MC= (1)

Wy
19 MC AB USHIBUAINUTU (g water/g dry matter)
W, fie Uminvesianiiaaiiad (g)

W fig Umiinvesiagnaseuuis (g)
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NTIATIEYN TR ULt NkanssnsNsasuwUasesSinannuduluianie e uiudsunm
AMUFUENAUTAzInaTlun sk dulUTudananle 9 dasenindnsiaiuninuiu (Moisture Ratio, MR) lag

ﬁwmmmnaumiﬁ (2) (Seremet, Botez, Nistor, Andronoiu, & Mocanu, 2016)

M-Meq
o MR #e Snsndumnuty
M Ao U%mmmm%u 84 1381 (¢ water/g dry matter)
M A Uinaeuduisudy (g water/g dry matter)

M., A8 USunaumnutiuauna (g water/g dry matter)

Tunanensdl Awes M, Srlndrud Ssanunsadszanain MR Jsgndnmainaunisi (3) (Khan et al, 2022)
Mt
MR=— (3)

F11n5UdnIIN158 VWIS (Drying Rate: DR) @1unsaaiwanlaannnisivdsuulaswesusununinuiuves

fogrslutaanan At Inefulnainaunisy @) (L et al, 2020)

Mt'Mt+At
DR= = X My (@)

A @ t4

\iie DR B BPIINITBULIA (g/min)
My, M, AB USHIUANTY 0 1387 (g water/ g dry matter)
A 4 Y 1
Mgy, 7B AWKWDIIDE (9)

At A9 nailun1sauwiig (min)

ASYITUIENaR8LUUINaRdlaTIeUsTaMTisn (ANN)

WuUaolaswngusza sy (ANN) iﬁ%‘umiﬂﬂNuﬁqaﬁa;&aﬁlﬁmmﬁmaaq Tngusulaseasng
\3eTneuarAsRiese U el ay WieldanunsavnuieAsnsidunuiy (Moisture Ratio: MR)
§n51n150UuHe (Drying Rate: DR) uazU3unaina1udy (Moisture Content: MC) Tuusazdasiaanldegied
UszAnBam ndentuisinmsiuisuiiouanfildannnisviunguesuuusiass ANN fuA1assildainnismaans
TneldidfansadfitoUssiunnuudugivesuuusiass (Menlik et al, 2010;Topal, Sahin, & Vela, 2024;

(Kaveh et al, 2023) pudsfusiasoluil

o
o

Mean Absolute Percentage Error (MAPE) \ufdiinfilduivananumaininieusyninamditunelanu
AnvsdluUvealoidud Tnemunainanadevesresidusiaruuandsduysalseninassuaseivhweld
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Coefficient of Determination (R?) Wit Taiuanadnuuudians ANN @ansnesuiennuulsusiuees

Toyadsslaniiesla lnedintegluyie 0 89 1 mnA1 RZ 11lng 1 wansiuuudiasssinnuaiuisalunisvituned

walugaa Ingmuialassaunisi (7)
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NAN33Y
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TneRsanALUsNMsneUaussdA laun Usinaupnutu (Moisture Content: MC), Smsaaupamaiu (Moisture Ratio: MR)
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Absolute Percentage Eror (MAPE) uazf R-squared (R) ifleasrioupnmsnsiuiuasUssavsnmueuuudaomennsal
mMuneUS ATy

HaMINAADYT LI SN T wenss s nanases whailiodunanmznseunise aana lneissau

LR A7)
D]

AT 5 kPa ‘wm'wmizjigfﬁ&Jﬁ%ﬁmﬁﬁuﬂmﬁaﬁqﬂ awdlounaner iUt uMs VBT U eE 3
Tinsarasermiiuimauninfissu 10 uay 15 kPa fdiuwnltuanaring uandsrmufumumamsnssaevedodn
fanmluanmearudugs dlanBeudisutumanismensaianuuudess ANN nuduuusmesenasadaeuliiuns
wWasuwawes MC Iiaonndasiuieyaidmaaadumnanis Tnefian RVMSE aglutiag 0.01574-0.01873 uagAn MAPE ¢in
ninszsiu 5% luieunnnsdl uandsmmusiudidaBinauazesaenad oadsunlimfssrnsansmaaesuazedi
wensal MafumuRd s AN Sdnenmgdunisussdunninssumaydsuularmaiutenssnesrinnssuiums
ouuks wazansahlulfiduedesdlaonseanuuuuaseupumsnantussiugaamnssuld g adiussavs nmuanss
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10 ua 15 kPa

v
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AN597 2 ANFITIANN9ERRYEY MC, MR, kag DR a1nkuuinaad ANN

Model R? RMSE MAPE
MC (5 kPa) 0.99423 0.01574 0.03727
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Abstract
The research on the development of audio media for learning to use Google Docs for individuals
with visual impairments aimed to 1) develop audio media to support learning in the use of Google Docs
for visually impaired users, and 2) investigate the satisfaction of visually impaired individuals who utilized
the audio media to learn how to use Google Docs. The sample group consisted of 30 visually impaired
students selected through purposive sampling. The research instruments included 1) the developed audio

media, 2) an expert evaluation form to assess the efficiency of the audio media, and 3) a satisfaction
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questionnaire regarding the use of the developed audio media. The findings revealed that the audio
media developed for learning to use Google Docs was effective, as evaluated by experts, with a mean
score (X) of 4.48 and a standard deviation (S.D.) of 0.60.

Additionally, user satisfaction with the audio media yielded a mean score (X) of 4.44 and a
standard deviation (S.D.) of 0.56. These results suggest that the audio media is suitable for learning how to
use Google Docs among visually impaired individuals and also supports convenient, quick, and accessible

review of content via mobile phones, computers, or tablets.

Keywords : Visually Impaired Persons, Google Docs Usage, Audio Media

uni

PnaeunaiauinsuUssmAlvevefieusmgu 2568 MNNsUAESIUAEIRLNAMMNEIALTNS WUl
Sunufinstuszna 2,202,693 au Aadu 3.399% sewUszainsive TuiauidulRimemnmaduinu 171,477 au
Aol 7.65% eTfammsma“’ﬂ‘uaammﬁmsvmmil,ﬁuﬁy’w,ﬁmmmﬂqﬁ’alw; sowmanfelsnfnide WAEIUENTTY ANUAWIY
uaﬂmﬂﬁ?w,l,ﬁaa‘hmuﬁjﬁmivmmiLﬁuﬁﬁssé’l’umiﬁﬂwﬂuizé’w’uﬂ%ﬁgmﬁ vivewigumin 911U 2,951 AU ganinuUSan
Al 447 AU ’Lu‘umﬁhﬂﬁ%’umiﬁnmﬂy’uqaﬁq 30,549 AU LLazﬁizéﬁ’umiﬁﬂmﬁwniwﬂ%zyzym%'mﬂﬂdw 136,000 AU

a

TugaRdvianmsdndsdeyauasnmsvhaueeulaiiludecnnd msldlusunsisyananadiedne Google Docs

2

v
o v o

unumddnidudunsing ussmaio feusounninunanesailumsaiauasusiuenasmsvhou
Fiu warmsdnnsdeyaegafiuszdvanin egnlshimu dmsudunnsemeenen msldu Google Docs Sanundey
fuguassannine wiilusunsuasiifleitusessumstianusufuiedesiiosumiee (Screen Reader) 191 NVDA 3o
JAWS winslfnudadanududou lfmehausaiulumanesadsduduinstedldnundutiinnme
dymmdniiguaniemaeadszay fe nisviauaaudonisiieuifioonuuuanizdmivginig
msfiomdnvglutiagiiueglugtuuuiadnes uasdeddmsueusilumsvhanudla silsfunnsemneansemlsl
anunsadnde warldouilasdusing 9 ledrafiud mimm%’ayjaiu’gﬂuuu%f{mﬁﬁsmamﬁsmuaz%‘umu
mslfruiisanubaiunmuenduinlunseul fuauisibufedidenisfeudfitunseuededes el
unwsasnenesnanandoud uerlieulusunsutllfosndassuasiiusyavsnmanniy
msimudodsaiiensizouimsldan Google Docs JaluBesiidrdnyee1sts Aedoainanmazanlviy
unndemsemannsndladuneunslnulusunalddenisite dwenndesiusuuumsiuivemanan mside
wagiinndododiiimwandon dau uazneuauBsomMiBIMsBEjUMMSBIsEen xliifisausifislenaluns
Foud uasvhouvenguifiniuidssaneusdoualumaddanellad duadulfmnanddmdnlunsihe

sauiuruidlUludeulaunnty

o/

ngUsasAvaIMTIdY
1. ievianndadesdmsunsiieusnisidu Google Docs ieEuUNMIBMENEN

2. edswdiueuitanelanilsensldnudedewdviumsiFeuinslinu Google Docs litegunnsemsenem

Vol 10 NO 1 Jan - Jun 2026



Journal of Science and Technology Thonburi University 71

NSBUKUIANIUNISIFY

fauUsAu fauusnny
dodusdmsunisiseuinisldau 1. UsgAnSnnwesdeidesd sy
Google Docs LﬁaﬁUﬂwiaﬁm&mﬂm m‘aﬁm;ifmﬂ%mu Google Docs

\eRuNNIBIWNgEen

2. pnuitanelaniisenislideidea
dwfumsiBeuinisldau Google

Docs LNBHUNNTDINISEEsN

¢l 1 Yo
Uszleviimadnazlasu
1. wnlemalunsiieus waganuaunsatunsiamauedudiuinuemsldnumnalulad

2. JGuduwuuresdensiieuiuuudes dmsunguiunnsaaanen

a o

3. daaSuAnuvinieunaRAviad s unguuNNT eI EenT

DyUANN AN

Junnsemsaieni wunedls yaaadifinnnuaiuisalunisusuiiuanasainszauund deuszneusie
AUATUDA (Blind) uazkilanenLdaus e (Low Vision)

ad o v
NOBNNYIVDY
AN YBsEEN1sGILS

[ L3 =

don13i3uus (nstructional Media) snedis Jan gunsal viamaluladene q fldlunisdienenninug

9 19

a 1%

Vinwe vieUszaunisalangasuludafiSeu ielinsiSeuilivssaniamuiniu Whladedu uasaenadaiu
G NAR Y
3 o o = = 4
asAUsEnavdAyvasianisiieu]
1. 1ilom (Content) lauA Jaya anui visevinweiidonisde
2. Bnsdiaue (Delivery Method) laln 38nisanenen wwu Wdes 3ale Toaiu sUam

3. {14 (Usen) laun JiSeunsedldde Feonalidnuwazianz W Juansemianisueiu
¥

AMUNNIBASITEUTH N U ST METUETE
NsiSusHIuNYUsEadula (Multisensory Learning) vianedis msldusvamdudaninndi 2 aghauly
safilunsBeus 1w ldssuuuszam nisladusiufussuuuszammsueaiiu ssuuussamdsnisliiadoulm
wazszuuUszanmiududaninne (mamBuivdudauazasiievin) Wusu
naNNIsANAYYas UDL
AN YDY UDL
UDL &81191nA171 Universal Design for Learmning #3o mﬁaamwuLﬁamiﬁ'aui’l,l,wmﬂa
\WunsouuwaAslunseeniuumsiseusiisigemjmmneiielvgGsunnauaansadife uazlidausalunsiSeusld
pE Ny

Vol 10 NO 1 Jan - Jun 2026



72 Journal of Science and Technology Thonburi University

nanN1sANAYvas UDL

[ o

wann1sd1Atyues UDL avUsenauldsie 1) mﬁﬁnaumﬁawmawgmmu (Multiple Means of
Representation) BsgiFeuaz3ouifmeiBnsiimnaiy enfivu msFeudiunisueadiu mSeudiunsils Wy
A 2) AuvaInvaneIslunisuaniniuigla (Multiple Means of Action and Expression) §i38Ua13150
uansoon vislinoudenuiluisnisisnaty enfidu msfasl nswa msna Wudiu 3) mnuvainvansly
n15iidausan (Multiple Means of Engagement) 193uuvunsiieuiiysla vilidiFeuiiusagalalunsiouly

v v a

sUkvumRziugSeu oy Mdsmendaau aun Inisldneunudss iWewiuauauly (Jusu

U

nsAneiudunnsaamisanenn

AUVUILVDIEUNNTBINIGEIEA

UsgmansensisfnwitnisBesimuayssinnuasafinasivesnuinismnansing . 2552
fvuaiyaraiaLunniasIsnsLilau ‘uqﬂﬂaﬁqmLﬁamsrﬁw%&LwiizﬁuLﬁﬂﬁamuﬁamuamaﬁw%ﬂLL‘U'&L?;Iu
2 sz el 1) eumven vaneds yarafigadsmaiuinnaudedddeduiadodss mnanatnnudaves
anendsiiiieunloudreglusesu 6 dau 60 (6/60) w3 20 @ 200 (20/200) Wuddlsianansaduiidosuas 2) au
Wudeusns mnefs yanaigaydonisiiiu uidianunsasusnusifiuivenslngsegunsaiiaiestisannuiing
vidownaluladdssiusanuazain mninaudnuvesameminsdideudloudioguseiu 6 dru 18 (6/18) wde
20 & 70 (20/70)

n133nN1sAnEIAUGUANIaINIeEIEnn

dmsunisdamsdnmlitudunndemisaneniu faouasdosudensSeusliFouannsn
Bouslariudes vielddeduiaumunisBousluguuuuund safamsthmaluladintelunisianisBeunisasy
9171ty TUsunsusumthas (screen Readen M3 voiceover 138 Talksack Hulmsdmiidlafio saludsnsldauileddu
n19viI9usingg esreNsuaiTinuauasnIseUTesfunNTamIsaInI uenaniuudaouasdesiinisng

o

wHUNSSEUSNIAUaAAR IR URLTEUNIANUUANTBINNEIENT LasTidAyAenTussliunailinnuvan ey

17

TnganunsaUssldiunalaannnisile NsRaUMNUNILNITHALIUNTALN

N3 HUN1IY

msitendaiidunnside uasWaun Research and Development) Tneilsneazidonlunsaiiunsive
Fasoluil

1. U293 UWAZNgUA99E19

Uszrnnsildlunsidondsd flo dhnwflamsdeudeulusedv DBT201 : nisldinaluladnaadms
379 TunABoudl 2/67 $1uu 156 Ay

Y 1

nauiegaildlunsiduadsd do dnAnviflamzdeudoulumeiv DBT201 : msldimaluladadsa
d1viugsia 1nen15dunguiieg19uuuLaIzas (Purposive Sampling) AiflArnuunnissnsaisnn §1uau
30 AU Liovpasumsldnudeidssdiiamnniy

2. \sesilafldluns3de

2.1 daidssdmiumsiseusnisldens Google Docs Litegunisaavneaneni

Vol 10 NO 1 Jan - Jun 2026



Journal of Science and Technology Thonburi University 73

2.2 wuvasuanuAMALiuresideIvgiddensimuidedssdmiunsiiouinsldau
Goosgle Docs LﬁaﬁgUﬂWi'awmmam
2.3 uuuaouamnaiawelafifiienslinudedesdmiunsieusnsldan Google Docs Lile
HUNNTBIMNgEEN
3. JunsunsAfiuniside
fAfeldfmundunsumasiiunsidedu 3 sey Ussnouludae
svazit 1 Anwdymuazuuamiensiimaluladuvszgndldlunisdibuau Taed

Jupaunsaluil

v
=

1) Anwlaym wagAudenis lnegidelafny) wazsiusudymeneg Miadulag

MsduAYRluNNIemMNAIENT kazdeunNAMineITes WeliladeasUresdam uaraiuseanisiiniu

a ¢

2) Insgnlymiiiiestes lnegidelainseidaminige waganudenisiiniy

Baldun namumusanFeudidonnieatumslinu Google Docs nistuwaluladludinuUssdusussyndld
sudsmsthansalnuussgndlflunmsldnuiieiifnawazain 530157 wazanunsaldauldynniiynnm
3) nnseenuuudeidss TasAnwunanesuifleseulatiiannsalisliiouas
agmnfugunmissmaaeniuniign Tnes3dedentd YouTube Platform dmumsiann warlinudeides
seazit 2 Usegndld YouTube Platform Tunsiaundeidsanuildfinsesnuuuld
Tnedin1snadaunIsITaU u,as‘viﬁﬂﬁmﬂisamﬁmwmaﬁaLﬁmﬁﬁ@umﬁumﬂﬂﬁmmﬁy U 3 11U Usznau
e Gidmasumaluladdmiugiinig (Assistive Technology Expert) §idgimaysunisesnuuudonis
3ou§ (nstructional Designer) waggunnsaamsanemitdugliazalunguitmang (End-user Testing)
szusit 3 Anvmanmasedldeudedesdildimeinutu lnedidldinaiunun
foya Inedfiszavnarlunsmegeunisldnuuaziivsiuriudeya 2 dUans
4. m3ApTzvidaya
{Adevimsfnmnanslfnudedesiilifantu Usenoulude 1) mamussaninmdedesdmiunis
Bougnsléan Google Docs Ltefunmisssansnangideivg S 3 au 2) Anwvanuiieeleidsenisly
muﬁétﬁaaﬁ’m%fumsﬁauimﬂ%mu Google Docs Lﬁaﬁgunwimmamam TneldaiAanssaun (Descriptive
Statistics) léuA nMsmAnade (X) uaznsmardudsuvunnsgu §.D) Ingludagidoidomaniifiasun
wazaeulnedunuuasunmisannsdmUszanuan 5 seiu fe undign 1nn Urunana tee tesfian deilinasi

[

AsUsELIU kan1TvRzkuLL Ul 5 SEeU auLNnsInvedaLAsh (Likert Scale) ¢iadl

STAU wnainnsuseidiy
1niign 4.51 - 5.00
ah 3.51 - 4.50
Junang 251 -3.50
1oy 1.51 - 2.50
VERED 1.00 - 1.50

Vol 10 NO 1 Jan - Jun 2026



74 Journal of Science and Technology Thonburi University

NaN15I8

MTIdeiTes mywudedssdmiunaissuinisldau Google Docs Hisgunnsamsenemassil §3dela
AtiumsnuingUsvasd Gl

v

1. mseenuuvdaidasdmiunisiteusnisldau Google Docs Hingunnsemsanen ngligldaumduy

Y

UNWIDIVNIENERT 3ALTNUNIUNIGTZUU e-Learning YBIVINNINE S Bz 1UVING Google Sites Iniin1suansnauy

YouTube Platform ialifldnuanusaldamilaie avan waelidossud viieldauenunnifiuly

cwe D 4w @ o T e @ | & Wl g e % B e

e :
LS8UNTU e-Learning

e
&
7

-y

AT 1 FRe81ant9e

Upload wWns:uu
e-Learning vavuri3nenay

e-Learningnorthbkk.acth
- [ [ b

B

« SCROME file SMSUInAnwyIUNG | AUnwsoomoaBamuY
Foum0 wasunwsaomoamamAbinutumsido
* MP4 file

Lecturer Camtasia u
\, Upload wn
YouTube Platform YouTube
h

i < uh Link TUT3uu
Google Sites

a MSURUNWSa0MoaNem

Export file

O

AN 2 WHUATWLERSNIZUIUNNTALTEUU

Mnawmil 2 Hdeldduiunssadesinulusunsy Camtasia Ineshlsunsufinuant@lumstudinisle
9o (Screen Recording) anansavinnissnsiadle (Video Editing) uagiiddayanunsaldlunisadrdimlentsasu
w3oIRleden1si3ong (nstruction Videos, Tutorials) 9ntiuassinis Export file luguuuuues 1) SCORM
(Sharable Content Object Reference Model) #FausnnsgrudmsumsainsdomsiSeuiuudidnnseting

(e-learning) ManunsailuldnusiuiuszuuIanIsisaun1s@eu (LMS: Learing Management System) laaened

Vol 10 NO 1 Jan - Jun 2026



Journal of Science and Technology Thonburi University 75

UsgdnSnwilianunsafiaauanuimviivesiiseu (Progress Tracking) iuAziuY (Score Reporting) 518911
anugnsseus (Completion Status, Pass / Fail) Senldiilevuu LMS ladeuaganunsaldgilomuumany

s9uU LMS 1§ way 2) MP4 file iex1lu Upload asut YouTube Platform dmsunisidenlday

'
oA

dwsunmsdnldauiu nguil 1 fie dnAnwund, dndnwndufunnsemsaienuuuidouans uay

tnAnwifduguansemsaigainivinuelunisldou awnsadildanuldiiumiesszuy e-Leaming 18an19
wdnende aeFenldaudiuuyuiniseeulal denddsuils mnivleduesuningideussnngunm

(http://www.northbkk.ac.th)

oA

ngu” 2 fie ﬁ’ﬂﬁfﬂﬁﬂmﬁLﬂuﬁvﬂwﬁaqumﬂm Az ldaunIuNIg Google Sites Tneg3de el
dosananiluliuu Google Sites Tnefimsassgaifouledluds YouTube Lieifindoanslvifunniomsansnn
Imevin1sds URL 909 Google Sites WN1U%99n14 Line Group Lﬁ@lﬁﬁmwiaqmamam anansandalaagaan

2. namsUspiliudseavsamdeidsdmiunsBouimsldam Google Docs ilegunnsasmsanss 91
Q"L%msmz:g 3v1u Useneuluaae 1) Q’L%mmmé’wumﬂuiaﬁﬁw%’wgﬁmi (Assistive Technology Expert)
2) {iFrmqyeinuniseenuuudenisiieus (Instructional Designer) uay 3) guansosmisangmdugldasaly

naslving (End-user Testing)

A5 1 Hamsuseiiuusednsnmdaidedmsunisiseuinslden Google Docs LBEuUNNTDMNEIEMN

NNFLTeIey
nan1sUsELdiu
s19n15U LY —
X S.D. wlana
1. frudion
1.1 femilanugndesuanduilagty 4.67 0.58 wnitgn
1.2 iflemazauaqumsldauileiduiiugiues Google Docs 4.67 0.58 Wniign
1.3 flemaseunqunsTdanilerdudugs (gu n1svhansiudu) 4.33 0.58 1N
1.4 msesieLdomdanuddutunoudaau (heluen) 4.33 0.58 N
1.5 ilemmngautufunnsesmsaenlngians 4.67 0.58 Wniian
Aade 453 | 052 | winilgn
2. fnunseanuuuLies
2.1 @vsilddanudaauuasivanzay (nudeuasdang) 5.00 0.00 Wnitga
2.2 milgnwiianunsedunasidilaieg 4.67 0.58 wniian
2.3 M308NEEIYNADINUNINAIW 4.67 0.58 wniian
2.4 maduidswisensiiuianztglunisanindeya 4.67 0.58 Wniian
2.5 lsifidsssuniuviedsiivhldsauns 4.33 0.58 aly
ALady 4.67 0.49 wniign

Vol 10 NO 1 Jan - Jun 2026




76  Journal of Science and Technology Thonburi University

3. sunisldeu
3.1 AodestieliausoujoRnuduneuldass 5.00 0.00 wniian
3.2 syeznvesusazoumzay (ldenuFeduiuly) 4.67 0.58 wniian
3.3 nsldaudeidosaranuasiinfieine 4.33 0.58 Tl
3.4 aunsalsniulusunsusumivensemaluladvaiemiedue
ppeafiusyansam 3.67 0.58 un
3.5 fmsuupiismslddeidedidnion 3.67 0.58 1N
Aade 427 | 070 2N
4. AIUNATNSNTIUS
4.1 g3eudlaisnisldau Google Docs aeegnsas 4.67 0.58 Wniian
4.2 fiFsuiinnusiulalunisldan Google Docs wniu 4.67 0.58 1niiga
4.3 fiFouannsathenuiilalUldnuasalsviud 4.67 0.58 Wniian
4.4 fFsuivinuziutulunsldousuiugBulu Google Docs 3.67 0.58 ly
4.5 msBeuiinudedvshsananuinalumsldoulusunsy 4.67 0.58 Wniian
Anadey 4.47 0.64 N
AaResI 4.48 0.60 wn

NA15A 1 wuhdiBerngyliinnisusediudssdvsnmdedesdmsiunisiseuinslden Google Docs

Wegunnsemisagnn laefinanisussluasiign laun duniseenuuuides lnefiauade (X) wiiiu 4.67

drudosuuninsgiu (S.0.) Wiy 0.49 dmsulssinuiilasunsussifiugedian loun 1) @eafildfianudaaunas

winnzan (nudewmazdsng) e 2) doidewgbiaunsaufiAnutuneuldass Inefinnads (X) windu 5.00

drudoavuninggiu (S.0) wirdu 0.00 aglunmsiumnaudanadesiy wiiu 4.48 wagdrudsauuuunggiu

whiiu 0.60 Fsiiodnegluseiuunn

3. nansAnwauianelanidsenislddeidesdmiunmsiseusnislda Google Docs LiverunnIamIg

aean annguiegTidudunnsaseaenn §1uau 30 Au

A5 2 Hamsfinwanuisnelandsenislddedesdmiunsseuinisldau Google Docs LieHuUNNTBIMNI

A8A7 NINNGUAIDENS

- Han15UsELli
319N15UTBUUY —
X S.D. wuana
1. Wevnvesdaidusinmnugnsiaduasitedala 4.20 0.41 )
2. \Wemilanuaseunguuasvanzauiunsseuin1sldanu Google Docs | 4.57 0.57 WINiign
3. nMsesuneliondniau Wlady wasmugauiudunnsemsaen, 4.53 0.51 HRRVIGE
4. \Weymaseumaunislidau Google Docs lusyauimsngay 4.23 0.57 tly

Vol 10 NO 1 Jan - Jun 2026




Journal of Science and Technology Thonburi University 77

- Nan15UsELiiu
518015UI2LHY —
X S.D. wUawna
5. ideaveajusseednau msngiudunnsemnaem 4.60 0.50 WNdian
6. anusIunsyauvnzausensilazinaudla
Lt 4.37 0.49 1N
(LignAulunsasuiuly)
7. WifiFessuniuvsedanvilidsaunsseninenisila 4.27 0.83 tly
8. insiudmmziaziiudssluriddguesilomonuninzay 4.20 0.41 1A
9. derduslitnelvianunsaufiRnudunounisidau Google Docs lha3 4.53 0.63 WNiign
10. annsaldausiuiulusunsueumiinge (Screen Reader) y
L 4.53 0.51 | anniian
Iiogneliuseansnn
11, anunsaflaazUiRnulamenuedaglifasiistey 4.67 0.55 Wndian
12. fmnuagaintunisiintaagldnulnddeaingunsaleng q .
o e - . s o« 4.53 0.51 uNNgn
(Inséwvisleds, pauiiumes, uiuidn)
Aade 4.44 0.56 N

957 2 nudnguiiegnsldinisussiiuanufiselafifdonislddeldesdmiunsouinisldon
Google Docs Wlagfunnsomnaanen Felimsuszdiuaufiamelaluninsiy Taefidnads (X) widu 444 dw
\Deauuansgiu (5.0) Wity 0.56 Ssiiednegluszduann dmduussiiuiléfunsussliuanufisnelagedian
leun annsaftawasfoannildsenuedaglifesiisfvae Inedduads (X) wihiu 4.67 dudeauunnsgu
(S.D.) Wiy 0.55

d3UNan153Y

n53deFes Mawwudeidesdimiunisioudnisléan Google Docs Lilegfunsaanaansnn #iins
AudunsmuingUszasdiidinue aefinnsldiaundoidesinelusunsy Camtasia uagyiinig Export iitels
Hunnseamneagnnsenldnury YouTube ImsJﬁmstizLﬁuﬂixﬁw%mwmﬂ@%’mw WU 3 U wunlesu
msUszduluseiuann Tnefirieds (X) wihiu 4.48 wasfldaudeauu (S.D.) wihiu 0.60 Ssfunisesnuuy
Fesldsunsuseidiugsge Taslanzluussidiuidesildlinnudanuuazsivinzan Inudoaardone) sesan
1w dudon Tuvssdudeomiiamnugniies aseunaunisléo waswngausufunnsemisansni uazdu
nadndn1sFeu TulssiiudinlaiBnisldau Google Docs aghagnifas mwisiulalunisldanu Google Docs 11
f1u ananannnusAlalUlE N uasthsanauaalumslding augiy

uenantuudimsinuanufiselafifsomslinudedesdmiunaioudnildau Google Docs il

ISP =i

funwsesnsanen wullesuenuitenelaluszivinn tnedfldnade (X) Wity 444 wesdidaudeauvu (S.D.)
wiriu 056 dmsudsziiuiilasuaufianelauiniian loun aunsailswazufuifnulamenuadlaalifesdia
HYae setadun taud dndeavesusseredaiau wmuiedugunnsemisaen wagillonnlinnnunsaunquuag

winzauiun1sseuinisldau Google Docs My

Vol 10 NO 1 Jan - Jun 2026



78  Journal of Science and Technology Thonburi University

Pnran1TIAlATUNTUsEfiu N Teingy wavanuianelanngdldauiieglussaunn dliiuiinis

o 4 o o  w = % v A v ' 3 9 sl o 1
mundeldusdmiunisiseuinisldanu Google Docs wiegunnsemsasnnduldnuingUssasdinimuall lny

'
= |

dodusglranunsaufiAnutuneulaase Feanldlianudanuwasminzay Weomasoumgunisidauileidu

e

NuguYes Google Docs Wl Fsuilaidnisldau Google Docs fagagndes Tanmsiulalunislday
Google Docs 3Nty wagannsniianudilaluldausialdiu

vonaniuuds dddmsumsmumuldnasananiesaniinisBenldnuiussuuesuladderemiai
418 UagAWAYHIY YouTube Faanansaldauldianouiiumes wivde uavinsdniiilede lHiAnauazainly

s lganunn e

aAUTENA
Mnadenlaandunisaiildannnisussulssdnsamannglieinsy waranudianelaaingldau

wudhegluszdund aglangatuniseanuuuldes Nllanudanuuazimuigay Jaauaenanedivanuideves

'
o aw A

YNy FaTunA (2564) 1arinIdei3e9 N1SHANFDLELLATLUUINABIIVIINYIFIANST 30118 SEAUTUUSEaNANWTN
4 dwTugunnseansanen 15a3eusssining) sunendes Sariamasys laen19ideasellilnguszasdiiionts

HandeldedaziuudnaeinIngimans Seuua seAutuUTaNfAnunln 4 dwmudunnsemisanen Tsaseu

v

5358nInen dunades Ymiameysus naudegslumsidefedizetvglunsmannimiuiedewaziilom

Y

U 3 AU WATHLIBINIYAIULUUTIAEY 31U 3 A TegldItnmsifennduiiegisuuuiatzas iansidenuin
nsuszdinlumuaunmdedeawazilominunmluseauduin lng dasiuuadowiniu 4.93 waslidnudetuy
1N .25 drumsussiiiumuunuudiassdl aunnluseausiuin Tnelazuuuaiowinu 4.76 wasddudesuu

INTFIY .43 IAENaTIN VDIATLURAVIIARIRWYINNY 4.84 wazdld ulosuuannsgiuwinu 34 Asunuile

' v
v o = I

MavivusnaunweglusEAuANBgandnaeiinue

Uar§IEAARRINUNUIIBUDY DNl LWYTNN KaEINTT 353294 (2562) TavinIdBiTes nndndesussens

v '
LY & A

mwﬁ’;aisuuﬁ%ﬁaﬂizﬂammmimmﬁiwiﬁﬁﬂﬁm%’u;}:ﬂmimamﬂﬁu NUIINISIVYASIUL IR QU aaALi

1

1) diefinwinssuiunsudnidesussenenmimesyuuidviaussneusienisansafin e dmsugiinismmenisiiu

° o

2) WaAn¥1ANUL LN SIEN1TUSINTHIELAUTTININAETEUURINAUTENDUSIENTENSARMNSTIAY d1nSU

' a £% aa o

AN wag 3) Wisussumnuiianelavesfinisnienisiiuiifinedaaussenenmeiieseuuaiva
Usgnausienisansanlngvieml dmsudiinismenisviungudiedisiildlunisneddeluasad leun gRn1sninis

Wi nAUdinanTn Agudiamnaussanmaunuen Jamiauunys YseddnisAnw 2560 Sruau 20 au laulae

a o

nsidenegiuanzad iniesdedlilunisdnuide ldun desusserenmiiessuuditalssnousienisansad
Tngim dmfudfinnsmensiiiu wwuneseuinanuidlaBesnisils desussersnmeiessuuAavadsznou
Fen1saNsARmTIAY wuudennau 4 dudendiuau 10 4o wuvasuauaufisnelaveinismnensiiuiuy
wnsrduYTEIIMAT 5 sEAuTIuiL 15 98 #AN1TITE WU 1) NTEUIUNTHANFSIUITINENINIIETEUUATYA

Us2NauUII8nN15aITARINIiAaYy @1usudinisn1an1siuysenauaie Tunaun1sNan (Pre-Production)

Y
FuUnd® (Production) waETUNSINTIIHER (Post-Production) 2) HN15NIaN1SiusiAudnlaLlaiSoandanisila

U

o o @

HesussenenmmesyuuaITiaUsEnausensansafalnsvial geandunaeisesar 80 sgeiluddymsatiansediu

Vol 10 NO 1 Jan - Jun 2026



Journal of Science and Technology Thonburi University 79

0.05 uaz 3) gAinsvensiiudianufisnelaseideaussenenmusenausenisaisaamsiimisiessuuadnaeglu
FZAUUIN
Ay v v My d = v av a a a 1% v &
NnUITEtsuT Ll ugeandedlunanTenlalusowendes uarnisasrsanudilaluilom
fussene vhlifunnsemninsusaiiuansadifdeiionisisewl vlnAnnisiausinveduadnaldde
muoslidunsglunisionddu uazfiddgrreiibiiaanuiniedlusunisseuiiiiuiunnsemnsaienii

Tannsavhasuiuldsuaundnluldegnivssansamdndae
GGG

HarauauuziatinansideluTdeu

1) msfimsiweunsludaaufnuiaoudunnsomsansn

2) msiinsdneusudiidmisdeadelsiduuziilunislddedosldodisgnies uaziiussanam wu
msAsa Short Cut Key tite3onldnurunaufinmes wie Smart Phone

3) ArsiinsUssnduiug wiedailneusuliifugunwsomaeailunguyanainluiidanuaula

Hoiausuuziionidedaly

1) pasiinsdnvdeidsaimualiasuiis Google Workspace (G Suite) warerauSuidusadesdony
e lviiSouannsaidonsouldnuiidesns

2) matalulad Al nussandlunisléou Wediassansnmlisudldnumniy

3) amsiinsinnunalussezeniieuseilulssansnmvesdeldesiiidergldy

LaN&EI581984

nsuduasuwaziauInuamTinauinis. WU, gorunisalaudnisludsemalneg. https//dep.go.th/
images/uploads/files/Dashboard042568.pdf

INTAUS WInaade, & Yunand fnsnstuni. (2564). NsANIRUALNNIS. 2I5FI5ANYIMIFATUNI NG 1IN TUN
uY3, 9(3), 1-13.

JgRen deugn . (2562). MswLINITIANISISIUNTAOUA 18U UNAIRT U TN NS M UALTNITY
77997 (USyy1inus). U Ingnaessiguviansaiy.

wIaduns mdndna. (.Ul nsSsudiunyyssamduda. duAu Tquieu 2568, 90 https.//ejournals.
swu.ac.th/index.php/ENEDU/article/download/6701/6313/20688

VY §19U1A, N353 V1IE0IA, & N1EANT ASAITIN. (2564). NSHARFRLABLALLUUSIaeR I mEnS 3o
sydutulszounui 4 dmiudunniemisanen lsadousssininer sunendes Taviamusys.
M3FITANIIAY, 1(1), 1-18.

Wiayinn Inasnanan. (2558). mslaumseunsuiumestasasy 509 Mwmiayn wevmuinwensdeuaynnd
YosniSeuiiinIUANT eI NN TTUAU I (MIfunBass). umninerdudedl

o

AdduY A3simnaiml. (.U, nseenwuunisdeuiiduaina (Universal Design for Learning). @ufiu 16

q

ﬁqmau 2568, 10 https://event.educathai.com/educa2024

Vol 10 NO 1 Jan - Jun 2026


https://dep.go.th/%20images/uploads/files/Dashboard042568.pdf
https://dep.go.th/%20images/uploads/files/Dashboard042568.pdf
https://event.educathai.com/educa2024

80  Journal of Science and Technology Thonburi University

SeyNal LNYIUT, & 3013 A5ENA. (2562). N1INANLEBIUTIEIBAINAIYTEUUAINAUTZNBUTIINITANTARINTTIAL

dwsuifiniamensiiu. 295875390 5um Inenaensinn suazieluladomis, 16(2), 97-100.

Translated Thai References

Anyamanee, P., & Weerawong, W. (2019). Production of digital audio description for television
documentaries for visually impaired persons. UMT Poly Journal, 16(2), 97-100.

Bongkot, S., Khaosaat, K., & Srisuwan, P. (2021). Production of audio media and science models on clouds
for Grade 4 visually impaired students at Thammik Wittaya School, Khao Yoi District, Phetchaburi
Province. Khuruthat Journal, 1(1), 1-18.

Department of Empowerment of Persons with Disabilities. Situation of persons with disabilities in
Thailand. https://dep.go.th/images/uploads/files/Dashboard042568.pdf

Jitwarangkhana, P. (2015). The use of computer-assisted instruction entitled “Language Fun” to develop
spelling skills of students with low vision. (Independent study). Chiang Mai University.

Juthapakdikul, N. Multisensory learning. Retrieved June 2025, from https://ejournals.swu.ac.th/index.php/
ENEDU/article/download/6701/6313/20688

Phromchaloei, C., & Phatkornanan, N. (2021). Education and persons with disabilities. Journal of
Education, Bangkokthonburi University, 9(3), 1-13.

Sirithadakulpat, S. Universal Design for Learning. Retrieved June 16, 2025, from https://event.educathai.
com/educa2024

Sonsuphap, N. (2019). Development of instructional management using an audio learning application for

visually impaired persons. (Master’s thesis). Rajabhat Maha Sarakham University.

Vol 10 NO 1 Jan - Jun 2026


https://dep.go.th/images/uploads/files/Dashboard042568.pdf
https://ejournals.swu.ac.th/index.php/%20ENEDU/article/download/6701/6313/20688
https://ejournals.swu.ac.th/index.php/%20ENEDU/article/download/6701/6313/20688

Journal of Science and Technology Thonburi University 81

Received: Nov 26, 2025 Revised: Jun 27, 2026 Accepted: Jun 29, 2026

a ¢ a v oy 9w o v a < < Y Wy
n153ATzANEEevasd N duaeyuinaneenusninsEulumannanls
adunsa 304 anszuulalinlanense: nsalAnw1lse91u SME

FAILURE ANALYSIS OF A REPORTED GRADE 304 STAINLESS STEEL COCONUT FLOWER
VINEGAR BOILER USING A DIRECT FLAME HEATING SYSTEM: AN SME CASE STUDY

w1 Wudueea’, Lvsuns o53svawnt’, Tuad Ussnuind', nquay Adeassal,
130995 atingu’, 1wa Y31Rs’, Fuey feyune’

v imnITuATedna AMLIMNIIUMANS 1M TINedUsULS

Arnslasanis uSEn 1d% Sudawsua lwedia d1n

Picha Panmongkotl*, Wetarin Atijirasing1, Wiboon Pratumrat?, Kritsana Philaiwan'

Krirkkajon Tanadrob!, Khet Burakorn ,Wissanu Poungkuntod?
'Mechanical Engineering, Faculty of Engineering, Thonburi University
ZProject Engineer, AEC INDUSTRIAL SERVICES CO., LTD.
Corresponding author: *picha.p@thonburi-u.ac.th

v

unAnge
nfellitngUszasdiiiolinssidnuazaudemeuas nalnilululdveanisfansounuugduuinm

q
o v

fudsiutrduasyninainaonuendnlulssnueimssuiananiazaungen (SMEs) Sainnisiadunislu
srgznaInsldnulssau 4 Wheu dwisnanldszuuiianufounvuaildudadudlaenswinuia LPG N3
ATIEDUANTUNIIANUUINNMTIATIEAIEEIe Tngldnisnmiafiliadmeaien msuszduninseaedi
VOMANAANTOUMUUUING ASTM G46 N13ATIIAN UL UTILVRMAN UaEN1TIATIZRIAUTENoUMEY SEM-EDS
namsfnwmurauinnIoukuudunszaefnuIKiuUTNAEG Inenurquuwalrgndt 3.0 uu. 91uueinly
fufifiduius fusumiauadl wa SEM-EDS UsiuTunadniaa (N) Tuuiaiingaafaegitussun 6.49-6 84
wt9% Bennintesduszneviinmuadimiuimanndliadninge 304 a1a ASTM A240/A240M Tng A s
vdnguiinsenvatuayuansigiuieruideneifsnnnalnaandemesiuszrinnsliafeuso el
Taonss melifvioszurefuddaihliiAsvearainna uazaninundounsaduvidfenainmiududuamsqa
PMNMITURLE MevdimslieTeiuarnsUiuUsadvimnssy salfueutandundnndl$admnge 3161
vaspfidanddszuulimniouuuminlgnsswnudediinvedssnu SME nmsiamunaninauLyszanm 1
9 delanunisdunieanudsmedludnuusiiy nuiteiuaueuuimisivugiasfinnsudenlitand
wanzaufuan1EnIRBun3s nszuuszUeiuds aansaneaesweanan wazinusnsnsnTeaeuTagieu
T4 il doazudu Root Cause Tunuiifunslinreinnudnguiifoguazdoyaianuaeau §ilailing
gudugmeandagauysal

AdAsy : mMatanseunuugdy, wanndilialiu 304, nsiesieimundenie, ssuulianudeunuududal
lngnTs, @RAMNTINBINIT SMES

Abstract
This study investigates premature pitting failure at the bottom of a coconut flower vinegar
boiling/pasteurization tank used in an SME food processing facility. The tank was heated by a direct flame
system using LPG and developed leakage after approximately four months of operation. Failure analysis

was conducted through visual inspection, pit distribution evaluation according to ASTM G46,
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morphological examination, and SEM-EDS analysis. The results revealed a dense distribution of pitting
corrosion at the tank bottom, particularly in the area associated with direct flame exposure. Large pits
greater than 3.0 mm were observed, indicating severe localized corrosion. SEM-EDS results showed that
the measured nickel (Ni) content in the analyzed area was approximately 6.49-6.84 wt.%, which is lower
than the compositional range specified for Type 304 stainless steel in ASTM A240/A240M. Overall, the
available evidence supports the hypothesis that the failure resulted from a synergistic mechanism
involving direct flame heating, residual fluid hold-up due to the absence of a bottom drain, localized
concentration of acidic solution, and possible lower-than-expected corrosion resistance of the material.
After the failure analysis and engineering improvement, the factory replaced the material with Type 316L
stainless steel while continuing to use the direct flame heating system due to practical constraints in the
SME production environment. Field follow-up for approximately one year showed no recurrence of
leakage or similar damage. The findings suggest that material upgrading, improved bottom drainage,
reduction of residual hold-up, and material verification before fabrication or service are practical
corrective measures for reducing the risk of repeated pitting failure. The proposed root cause is based on
available evidence and field follow-up information and still requires further experimental validation.
Keywords : Pitting corrosion, stainless steel, failure analysis, direct-fired heating, root cause analysis, SME
food industry
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2.2 wamsimvuadusinuguinasomauianseuiiiuds

AmE YT uLFieg1 Fandnslunnd 3 gnutaaduninianing (grayscale) wdainis
AnspdinmAdraiitensnuinmmgu pitting senainfuAamanndliat eelfinawieruaiweseunquiiiae
unsadgandrituialaesoy mnuu‘wﬂms%’mﬂa:uﬁﬂLszia‘ﬁﬁiaLﬁaaﬁuLﬂuLLﬁiawquﬁmﬂéau (connected
components) dwiunquisazmay ¥n1sduaiiuil A onefinea?) warkdandu @uhuausnaadeaya
Y9929nau (equivalent circular diameter) Aaiansluguns (1)

[A
deZQ ;

wiulanfumhefiadwnsiesnsduanaild Tnglutuneunisussunanaiimsnsesdayanasuniu (noise) ne
Favquitdituilidnann (Wu iAnangeasviouuay/aTuanysn) wagldlsvauianseuaisenn lelildanizvau
pitting Al ddamisimnssy Fensfinanaenadeiuuuifnreanigiu ASTM Ga6 Tunislduunadusin
Audnasuaziiuiivemauinnieuiieasunsdnuarnisiandounuusduludesinu uaraunsniiludeulsty
"average pit diameter" IULLNumﬁmﬁfﬂ%u%m ASTM G4é6 1a

91NN15UIZUIANAN N mmmﬂiummmmmmLaumuﬂuaﬂmwamammﬂiauLLayﬁ]mﬂaummawum

lﬂﬂﬁLLﬁﬂﬂeLUﬂ’]W‘Vl 4 IﬂﬂW‘U%aMﬂﬂﬂ'ﬁ@u‘i’JNW\‘lﬁu 62 oy ‘\]Wﬂ‘UUGWUG]’J@EJ’I\‘ISLUTU‘V] 3 LM@QWLLHﬂGﬂ@J‘U’NLﬁUN’WN

(1

vgjuaﬂmq Wuwamu

35

30

25

(Number of Pits)

20

15

10

mmuﬁguﬁmnwu

()]

[

<15 1.5-3.0 >3.0

d a
VINAIFURIUAUENA (Diameter) THHIBHAAINAS (mm)

A 4 uwansduIukazIAEUR AL NATBINTAAN 1 AAN SO UKL U LTI AU

e %< L5 uw. wuvpuiandeudau 29 vau Andudszanm 47% vesdwnumauitavaa wandlisiuig
nsfanseuduniafsludnvardunnadnuagnssnefviliuuiaiuds

o 931530 un. wusguAnnTous AL 19 naw ieUszanu 31% vesimun WWungumquauiauiunany
fidufinadennumniidusyavinavomsuudanntudefoufunguusn
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o 939> 3.0 uyu. nurguinnIauTILIY 14 gy nieUsuM 23% vewiwiue Feialunquuuiniveidle
Wisuivaesgausn wavasviouitusnauiuddduniimlasuanudemesunsegnanya ldlafidies
VANTWIALENYINT

MnuanmsaTainvuavauinnIeuiifuds nudmauunaldnnd 1.5 wu. f5ununiniian uwivguuina
UuNan 1.5-3.0 13, wazuInivngnii 3.0 uy. mmuﬂmL‘Uumrmmmwuwaw”umwawwm amaum
Uinntuddlallaiifies pitting vuaidn udfimsianndieaduvauruenasdinglunaeiuds Seiedfans
Lauimamquiuum?ﬁ (Vertical propagation) 8813530153 (Szklarska-Smialowska, 1986) dnwaril nnifleuu
1T ASTM 646 anunsadalddndunsdiid aamuuiuvemvguasuinegs $aufu suinnvquiadeeglu
sedulunansisroutadlng feuinduiusiuaudnuemauiliiistusasidnenimdenisnzquisiuds luds
Tnssa$s nisiingquavienansuaglngiSnnuinngonsiilinnumunifussaviuaveaiufudanauaziingasis
AA TNty dwadenuamnsadussure anainisluduagifinaanmdsn1sduuuy leak-
before-break FwaonndasiungAnssuvesdilunihnuissanunisilyauinududs ndnfe Muminisdiais
oglulufeniuusnuinmanuvauinnsoumnuiuasdvunauunansidve) silifinnudululigein msmeq
yowmiisfudauininnisaiaiwemay piting mariiunggarmmniivdesy auhlmAamsdaluanndulug
AgUBN

ey HANTIATIERVWINRALNISN IV manians oudslilyifissdoyaiBada uidundngiu
arfuayulaenssienalnnsivRvesdsunihnu dauideviendniinan localized pitting corrosion i
TUgnssidunounsidamumdssunsousiuiugs

2.3 ANWALNNNENINYIINAY

N133ATILIINEUFIUINYT (Morphology) ﬁdLLﬁﬂﬂuEUﬁ' 5 nuhmquianseudiulvaianyagAouti
vssnauiiiensannguuL (Top view) wazilofinnsannmEnwa1e (Side view/Cross-section) WuSnwaETiUE
mmLﬂulﬂiﬁ%ﬂﬂﬁlﬁuimawqmﬁgﬂuLLmaa (Vertical propagation) wagn1siagglaiiursdiulunuiueu
(Sideway propagation %38 undercutting) antaEAINEIIEDAAABINUNERANTIUVDY pitting corrosion finAnsous
nsfiandeunaunaguusnanva lianznelugquiisuuensnasazaisntsuen uaveraldese
nsifinan1ensavserudutuanyannelunau

AN 5 A Side View/Cross-section N5 3ATIEYNEUg1WINGT (Morphology) ¥aevas
(3Uthe: Top View suduiiandnsioe uaz 3Uu11: Side View/Cross-section A2uvLLAY 4 331.)
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3. MINTIVFBUANBULHANIANTBULUUUUA BN DIganTIALl

Funuiegugninanuinududduhumidinsanumsfanousunss Mndurhniswiesialasdnih
AuazaaLileanasungneukasdsanysneanliuniian wioutmandedulfiionsds uasaa witlans
SRy neuthlunsavaeumendeanssaliuulduas (optical microscope) fifdwenemnzaud sy
nsdanmdnvazsesiangou HansnTIvaeUMendeanssat fuandusuil 6 wunguinanseunsideuitenay
maneiuinsy Meegu i lanzesnsinau dnvarfindniusuldegreditudidianudemeusinaiud
WunsAnnseunuugidu (pitting corrosion) flvsessesmanszunnidnanisdeunnsesiiinannszuaunisudn
RawiiYagidy Snviawanisdunaluszduganiadsaenndosiunistssdulusedunmatsiuuanlag (macro) i
wamsluguil 3 finuvquunnaUunansdeunslngdnnumnn Ssdidnonwlunmsananamun i ssansuavousiy
fuds wagtiumudssiomsiduseninmsidoulussazevesiafangn

Al 6 nMaeednyazauinnseuluudnUSnatuduwTunwied1whendaqanssaikuuldues

4. MInsIvFaUANaMRNAANTaULUU Y

WA %umuéhasmgﬂé‘fmmﬂu%nmﬁuﬁﬂwf%mmﬁmwwumsﬁmﬂi’amwugL%mquLLia
niwhawareianih TnssssiaseSelllfiaansdeusuidansfumnifusidu deuilunsaaeuse
NdosanIsAuBIaNAsoULUUdDINTIA (SEM) nsananmldadndissddianaseu 15 kv Mdweteussanas 100x
Iﬂaﬁuﬁﬂmwﬁuﬁw%nqumf"]’mﬂi'aw,l,a:ﬁﬂamimmau Lﬁaﬁﬂmé’mgmiwmmawqu (pit morphology) #14
wanslunmil 7 wan1snsIaaeuie SEM uay EDS uandliifusgnadniuinaudsmevinadudadunisin
ﬂi'auLL‘U‘UgL‘ﬁll (pitting corrosion) Baiannzdi (localized corrosion) Tnanm SEM LLﬁﬂQé’ﬂwmsmﬂwquﬁﬁwiﬂ
\Hounau veuvaudau uazwendoonmniuialavelnesou Jadudnumesimeves pitting lumdnndnldada
uenanil Mansraedvemauinnieuvuidluuinududaenndounanisssdivlusduanlasfinunam
i Yunas wazlnginszatedegidusiuauun
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AN 7 2 SEM NuRaushamauinnseukazialavslneseu

diolieszviosdusznouiadluuinuvquuanilelavggiuiauiu lévin1sinde EDS maudiu SEM Tne
udeyarialusuuuvanasiluguuuuinuiinisnszateiuesss (elemental mapping) dwsusaman lasiilex
(Chromium; Cr), Antfia (Nickel; Ni), wién (Iron; Fe), lduftla (Molybdenum; Mo), aA15uau (Carbon; C),
20NTLAU (Oxygen; O), FaAU (Silicon; Si) kazuuinila (Manganese; Mn) fauansli AT 8 LazaINd 9
muddu tnenudn 579 C waz O Wunsuniendasusiianseu lulvesruszneundnvesian

cps/eV

Si Mo Cr Ni

A9 8 alnasu EDS wantasrusznauniiusamquinnseunguil 7 uazilelanggiunmia
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Pit

CriEHENENEM

AN 9 WNUNNINTEBAIVBIE19 (EDS elemental mapping) USanmauinnsauiinuds dmsusig Cr, Ni Fe,
Mo, C, O, Si kag Mn

HANITATIZNOIRUTENOUMIY EDS Awnususnanquuazidelanegiu uaasliiuinlelansd
asruszneunanilusmmanlasifieu-inia lneflosrusznouduandunsiei 1

M19199 1 aeAUsENaUMAATvesLRIlavEUTIMVAUAANTEUNALRRINNTIATIZYRY EDS

Element Series unn- € norm. C [wt.%] | Atom. C [at.%] Error [wt.%]
[wt.%]

Chromium K-series 16.18 17.07 14.58 1.52
Nickel K-series 6.49 6.84 5.18 0.80
Iron K-series 62.58 66.01 52.51 5.64
Molybdenum L-series 0.62 0.65 0.30 0.17
Carbon K-series 4.04 4.26 15.75 2.40
Oxygen K-series 3.42 3.61 10.03 1.71
Silicon K-series 0.47 0.50 0.79 0.15
Manganese K-series 1.01 1.06 0.86 0.21
Total — 94.81 100.00 100.00 —

winemeg; CuarO A iluiisfasunaniiovadsudeuwiniu llvesiusznaunaundnvesian
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nansiesIsieadusEnausmuTmiolavggu (Base Metal) IndifsatugailiAanquinniou de
wadla EDS uwanmadsusinglu msnedl 1 deyafinsrenumelifiuussifuiiiidoddy ssdusznoundnues
Tasilew (Cn) egfiseiuUszanal 16.18 - 17.07 wt.9% uazdniAa (N agisziu 6.49 - 6.84 wt% Tuvasiinsrony
TaAufit (Mo) Tusgsushunn (< 0.7 wt.%) SeustinTaniilalldngn 316

oglsfnu WewTeuifsudadiuesduszneufinaniuiiesiussneuveaninndliadunse 304 anu
1195510 ASTM A240/A240M Fsrinvungrau3unaiinfalifiussunn 8.0-105 wt.% wuitaiusumdniiad
psanialdann SEM-EDS Ushatunududelimuszann 6.49-6.80 wt.% Ssnnidisiienamasdmiuinga 304
(ASTM International, 2022) Naﬁﬂﬂdnﬂa%”mmLfJu"LUlé’iﬁaQawﬁmﬁﬂizﬂauLma@mmmﬂm 304 1MUY
visemiiinlsionaldsudvsnannanity sanfasinisiangou vietediiaveunaiia SEM-EDS Fudunsiiaszh
FaftaUina dvdu e £0S TusniFemsldfundnguatuayuansfgudiutageiitu unsestudufudude
OES, PMI %58 Mill Certificate fowasUathadumensiriagliduldmudasimun

winadananddlalinisBududmmsguiaglasanysal uimswuuwliiwesTnadnifainnied
maviganufgItesiunmasalunisasaies mwedlassaisesamuifnuagiidumiadn Ssiinadeniny
frunmunsiansauveanannailsatiuluanznsawazeaslss (Davis, 2000)

ueNNi MIUTINgUesEWAIUeY (O uaroondiau (O) lusedudeudagausinaiuarmelunquin
nsou Usiensnafvemanfasimstnniounaramndsuuialane Sedunltshlrannzaieluvauiinnudu
ﬂiﬂ@ﬂ‘ﬁu wanssliiAnnalnnistianseusuy self-catalytic mufisnseililurssanssudnu pitting corrosion 184
wmannél$atuooamuilin ieidenlosdoyasn SEM-EDS Windunamsuanuasvuadurugudnansweavgaly
seivnlasfifuds aswuimnudenelilssiineglanenquuunnidn uifivausuiauiunansisuinlngfly
dadauiige Fedenalsimnununfifiuszandua (effective thickness) vaausiufufsanaLazifingnsIuAIINLAL
el dwanszvulagassdermnuaansnfulstuweaauazmidededlasadesdiluszozen

dnwngdinanaenadeaiunsaunIAnNITUTEIEUANLTULI e pitting M ASTM G46 Fefiansaln
iy veaunielnree wazawdnaisveman Taslunsdiaunsodalsinduanie
mmLﬁenmaﬁﬁﬁﬂmwwmuﬁwaaﬁﬂquﬂusxﬁuqmasﬁwqmum‘twﬁwmwﬁaﬁﬁﬁﬂanWWLfJuﬁﬂLmu'ﬂ
5ufureINT MUY leak-before-break lun1msan doyaain SEM uay EDS Sunumdrdglunisatiuayunis
JnzEianudemevestudfidnuazaenedasiu pitting corrosion Waanizinnannzuindaunisldnu
wazdeilifulssfuduesiusznouanfinssinaouifiniiy egdlsfiniy nisssyvintangiuuasnisduiiu
Julumaunselihdulumudesrusonnsa 304 mssudunisseisnsnsaiuduilmuizaunin wu OES, PMI
w3oN5nTIadeU Mill Certificate Fesamfuaiuayuanudndulunissefiuengmsldauiivge nnsimuainasi
gouumy waznsiansaUiulssazdennisesnuuuuazdeulumslinuesiudaiies nsefuanuuaonse
wazAununlussesesialy

d5duazanusnena

NNIATIAABUAUFWILNTYTUINTIBNIATINERUNALTT Lakn N1snsiaRiilameansnt MIesen
AMEENlAT N15UTEEUNMINTEEMYRIMANAANTOU N1IATINADUAUFIWINGIVDMAN Wagn1TIATIEY SEM-
EDS W‘U'jwmwmLﬁﬂ‘vﬂa‘ﬁLﬁm%uﬁa‘"ﬂwmsaamﬁaaﬁ’umiﬁ’mﬂiauuwgr‘ﬁm (Pitting Corrosion) 13aiamzfiusiiaufu
d1 Tngranisuanuasyunangunuidivauvuaunansieualngludngiugs Seduiusiuuinadiasamunis
$adailumthan

wa SEM-EDS Usdirudiamiinsiatafiusunadnifa (M) Ussuin 6.49-6.80 wt% §asninnag
psdUsEnauifmundmiumanndliadannga 304 au ASTM A240/A240M gndlsfina 1osamn SEM-EDS 1T
wadadsiTinunazianuldeanmi nafnanieslidundngudesulunsdauigiuiutan ua
msufuiaude OFS, PMI 3o Mill Certificate AouagUaniuziagegradumsnis
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nmsduasgndnguimun aademeiiindunelusysrnaszanm 4 dou duwliiifnan
nalnAuden1esau (Synergistic Failure Mechanism) sgrineladenan 3 anu lauwn

1. Yadudutag (Material factor) wa SEM-EDS Ustiaranfululéirfaneafimnudiumumsnngoush
niviaanmnedmiunsldoiluanmznsauasauiougs

2. afesunnsesnwuu (Design factor) nshiiiveszunensendissueditudswiliilonmainvesnad
ANAN (Residual hold-up) UTIANUGINAINITHAALAZNITANE

3. Yadeiuausounaranmiindeunseuiunis (Thermal and environmental factor) msldiuaalyl
Fudaruddaenssann uwia LPG o1avilwiAn hot spot waznsszimes veeanaInndne dmwalinsndunignie
Audeuudimmudutuameqn uazidesonisifin concentration cell uax pitting corrosion

wielinnsedusenaiimmundussuuuas denndesiulinmsnsiesgianvnnyesnudeme (Root
Cause Analysis) uFnuiasdanszsivdngiuannisnsafidadeatsm nsnszaefemauinnieu n1s
ATIVABUANIWINGIVDMGUAIE OM hag SEM Taufisnanisinsiziesdlsenaunig SEM-EDS swufuteya
anmenslinusiwesds uddmnaudadeiiAadedlusuiuy Fishbone Diagram fauamslunmii 10

uwwunmFanguandiiiui anudsmevestudlaliiinandadelatateniafiosdnis uiifinain
muduiusvematetade laun Jag n1seeniuy N9l @0 1MWIAGBNYBINTEUIUNNT AINTRU kAENIS
n319aey/AuANAMN N InsusazUadeiiunumaivayuliiianisaang fvedidumavuazn1simu1venisia
nseuLUUguUS AU

Fishbone Diagram

1. Material 2. Design 3. Thermal
suspected low Ni — no bottom drain — direct flame ——
no PMI/OES ——» dead zone ——» hot spot ———»"
no mill certificate ——— residual hold-up ———» thermal cycle ———»

Premature
Pitting Failure @
within 4 Months

acetic acid ————» cleaning delay —», no UT mapping —»,

chloridle ————

batch frequency —», no pit depth measurement —,

pH —

hold-up after production —, no thermal mapping —»,

evaporation concentration =,

4. Environment 5. Operation 6. Inspection

AM# 10 Fishbone Diagram wanstadefiiigidesiuninuidsmewuy pitting corrosion U89AUEY

911 Fishbone Diagram agifiuldinadousiaznauiauidenlosiuduifumauasua nande n1slid
bottom drain ¥liAin residual hold-up #dwn1suankasN15a18s vaszfinisWimnuseusewasllaeassan
uitd LPG anasiliiveamanmndauinaduddldsuamudousauienisseveuaniiumiududuanizaavonsa
vipdudovu Wetwduarudululivesaniidmuiumumsdansewiniiimanine Seilfanneusnuiu
Fumuzaudensisudusarnsidivinves pitting corrosion lisanEBetu
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dadninvastaya

nuinwifunsd@nuiidiesgienudemenniunuats nelivdnguannsasaiia amdiesn
T3 M Igivineman n13n533 OM way SEM-EDS 1Wumdn eedlsfinu deliifideyaduduiinfuunsdiy 1wy
OES/PMI, UT thickness mapping, pit depth measurement, thermal mapping, flame temperature, skin
temperature, chloride concentration, pH I8¢ comparative experiment ﬁﬂﬁuﬁaajﬂﬁﬁu Root Cause 34
Aanuduadguudamnssuiiatuayusendnguiier

NAN1IAANINNAINTUTUUTUTIAINTTY
AEVERINNTIATIRNIEEMskaz I ToiauawudRmnTsL fIdeuasUsenaunsianiiunis

o

Usulsaddudimiianusadiiiunisldasanielddedninvedlswu SME lnefin1sidsuiaguinuiudinduda

a

nandaadundnndldadunse 3160 Weaiinmnudunusenisiansouluannuindeudisinsaduniduasainy
Feowndudevunienaslss egralsfnu szuulianudeusinadussuuivarliuida LPG dudadudslnunss
\asandedinduitiug suUsvana uarAarmmLTaNTeInTEUIUNSHERTUTS S SME
NNMsARANKaMendansUiuUsadussernaszana 1 9 nuiddlivang Jyvinisidurionns
Eometludnuaeifioatunsdinu Jayaninanatvayulud i nsuulsansatandu 3161 aunsotie
amm’mLam‘ummiﬂfﬂﬂiaul,t,umLsuﬂuamu”mﬂswu%ﬂm LLuiUUUIwﬂawuﬁauﬂﬁiuimnﬂL“LJasJuL‘LJu‘a'“UUsLMm’m
Sounnsoou aghelsiniy Namsmmuumimm’mLﬂumagaauuauumﬂmﬂaum laildn1s8ududmaanedns

AuyTal
Y

YorauaLug

1. Wasuszuulinrwdeu snidnnsliadlvduiafuddagnse (Direct-Fired) uaziudsuuly seuuls
Au¥euneden (Indirect Heating) 1y Water Bath 3o Steam Jacket titoanlannaifingnieuazas (Hot Spot)
Fadunidlutieduiseiionadmademmundemeuinaiuds

2. finsanlfindnndilfaduinsa 3160 Tunsdfidaaslsd/nsmduvidazan uarimualiiinisnsnaey
Tususosnaunn (Mill Certificate) Wiemsiaaoudunans s (PM) fousuuey ilelosiuiandesnanm

3. UsuUganseanuuuLiien1sszue senuuufuiilidiamainde warinis ndasruieiuds Bottom
Drain) tlowdnagndureamainning (Dead Zone) Yosfunsazauanuiduduvensauazinde

4. 1wsnsingesne Yiuussssideunsvhanuagenalinad winiindddenu wagivuauaunsisgey
anmammNdsnnanse evssidiumnuidssnouianissilya

AnAnssuUsENA

YOUAAIAIINYBUAM VTN 1087 BufawIoa wesia 1in {uims waziindens Alknisatiuayy
gunsal niNens wazdeyaniaaumiduiusensiniumided ! pomumsstasm Lasmnd ATy
Tnsanwansnsasiululfed1esuiu venanil YBUOUANWBIUURN1S Welding Evaluation and Learning
Laboratory (WELLab) sm7ing1dumaluladwszaemindisuy3 Alinmsaduayusnumsssiadeutagiiasgsinig
Amnnssulanns uazveveuaniileunnuynviuRlif L Msatuayuraens ez iAo I LILNL
Woadail
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UNANED
nswaunszuuaradulumifeundafeuyanadesasds iiuszruuaanng lnsldinalulad
Sumodidnvesasnds fHnquarasd feil 1) Wewmnssuuudaiousfesasdy 2) Wofmurszuudnifududn
Yosaynmasesasdeliuuszuu Cloud uay 3) ileliszuudsiornuudafiouludadwesiurusyuy Line Notify
ynpsAnUYARaRosasdt dmiunsiannssuutl Smsldgunsal Raspberry Pi 3 Model B+ inlddmsulunis
Usvanana samtkeuANszUy warlindeaduuau FUllHD Auto Focus Webcam A881 dmsunieninyanaiifios
asdfe lunsvhaumesssuuanadulunih ssuvasihnisansivluntvesyaeadidwilureuwe fuiinsviny
¥9353U wazdanmlunthyanaluda Raspberry Pi liteUszanananmiielddmsumynnaifesasds d1vsu
i TldEmsuianszuvilaldnne Python uasld Thonny Python IDE Wuedesdiodmsunsimunas oy
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Abstract
This research presents the Development of a Face Detection System for Suspect Alert via Cloud Computing
Using Internet of Things Technology (IoT). The objectives of this study were: (1) to develop a suspicious person

notification system, (2) to develop a cloud-based storage system for recording suspicious person information,
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and (3) to enable the system to send real-time notification messages to homeowners via Line Notify whenever
a suspicious person is detected.

The proposed system was implemented using a Raspberry Pi 3 Model B+ as the central processing and
controlunit, togetherwith a Full HD Auto Focus Webcam A881 for image acquisition. During system operation,
facial images of individuals entering the monitoring area are captured and transmitted to the Raspberry Pi for
image processing and facial recognition. The system was developed in Python, using the Thonny Python IDE
as the development environment.

The system performance was evaluated through questionnaires and performance assessments
involving three experts and fifty general users residing in Sai Mai District, Bangkok, selected through simple
random sampling. Experimental results demonstrated that the developed facial recognition model achieved
high predictive performance, with an overall accuracy of 98.74%, a precision of 98.61%, and a recall of 98.52%.
Furthermore, the experts' evaluation indicated a mean score of 4.61 (S.D. = 0.58), representing a very high
level of system performance. Similarly, the user satisfaction assessment yielded a mean score of 4.57 (S.D. =
0.60), also corresponding to a very high level of satisfaction. The findings indicate that the proposed system
provides highly accurate facial recognition, effectively supports real-time monitoring and notification, and
successfully fulfills all research objectives.

Keywords : Internet of Things, Microcontroller, Cloud Computing
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SYNTHETIC BIOLOGY : MEANING AND APPLICATION IN THAILAND
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Abstract

Synthetic biology involves constructing synthetic biological circuits on plasmids, which consist of
DNA fragments or genes of interest combined with promoter and ribosome-binding regions, and then
introducing them into a host cell. Synthetic biology processes can lead to two main types of changes in
living organisms: the creation of organisms through genome addition or deletion, and the creation of
microorganisms with modified metabolic pathways for various human applications. This article describes :
the meaning and applications of synthetic biology in medicine and synthetic biology in Thailand.

Keywords : Synthetic biology, Gene cloning, Cell engineering
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FIngrdaasied nuedanisdawlassiaiugnssunieniseeniuuieulsddnuladlagliTrasauna
(bioinformatics) WneaulngianuAnsiveenfsdsudainedunsesifenisaitnastinmdaaswivunaiad -
aisenitluleusng (Biobricks) dsUsznouse Tudwmduenieduiiaulasiufuuinaluslumed (promoter)
vinafiigadunsivredlslulen wiividgwadiindudiulngagliqdunidnquiidunuadise wu
Escherichia coli {usiu w3esiieddglunszuiunsdvineduaseifiagldlunisudnansiidosnsitenisiaau
fu (gene cloning) fiflauiAsadesnsaseuazdndedu nsdreuaznisdadenduiidenis (Karatas, P. and
Ayaz, F. 2025) (1wl 1)
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“Biobricks™: standardized building blocks for cellular reactions — —~ - = =
- symbol “Biobrick™

P b

promoter

S99 > coding sequence

@ =
\ \
Inverter
DNA coding for a BioBrick part is inserted into a plasmid, following
| specified rules, and can be recombined in the host organism with \/\/ DA \
other bricks " terminator

.ﬂ']‘l/\l‘ﬁ 1 'N'i]i‘?j']ﬂWW?qi}ﬂLﬂi'wﬁ
937 : Schmid, R.D. and Schmidt-Dannert, C. (2016).
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Tun1snesemnd@inedansgivziituneundundnddyed 4 duneu ldun Jgdnsmseenuuy ns
a319 MInedaULaENITEUS (design-build-test-leam cycle) (FUT 2)

Design

AN 2 T9INTNMTOBAWUY NM3ATI MINARDURAENITISEUS
917 . Marucdi, L. wagang. (2020).

Fragalun1sANE MU FUATIERARBNNNDS (vector) AlFlunszuIuNsirauduiiniseaniuu
Tinuigan Wu nawesilaau (pClone) Fsilnsrusznou vinaldsluwmesiiertesiunisneasiaaiuise
fnlUadlanazaunsainnisildsuwlasinatuanlusius pawaanddassnwanenany Gk 3)
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pClone Green

= 5 = % a A
AN 3 nnwesilAauLazn1Tas U TAUE 09k
w1 : Campbell AM. uazanz. (2014).

fod1sreN T inerdunsgirensesnwuuliiuaiiise £ coli iusnsisaeuanmaudunsasiig

a4 o a @ ¢ . a v ¢ o °

3oAMILeY (pH) nieenaRenindululawuwes (biosensor) Tudwwindau lngesnwuulilusluinesinieai

(inducible promoter) safuuiiaduveslslulu (ibosome binding site) wazdus1eaunNa (reporter gene) laey

aluFanndaudimitewinagiiiiuaiite £ coli Tduns srmfierludanndeusifnguuaiisy £ coli i@l
(i 4)

(@)

Color

Pt DERESI0H GENERATOR

(b) k1231000 £1010 P0440 K1033931 80015

o

ptetR

AT 4 wuPTiSY E. coli nsrasvan nanuunsaadludanndon
731 : Johnson K.C. kazaady. (2022).
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I y Ada v a A
n13a31edlTIndensINuEaanTlu
F0819N15MAa BN Mnenfunudinendunsier loun nsaswuafise £ coli aneug K 12 7l
IR - ¢ 1A A A D) ¢ Aa o ¢ o % 14 aa
nsaavsesinduinelsalunyudeenty wu BuiliterfesiunisnmsianizveswuafiBetuwadvilildwaduuaiite
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E. coli auug K 12 ldlunszuaunisiugimnssuiivaensofuuyuduintu sedrsoundamuieidostiu
2553 AvEaNTU auAIAMS W Heysa InefinisasrsuuniiGe Corynebacterium glutamicum Afinseindlu
ganag 1N dmaliiinsnsedunisinauveteuledvsiunganiiua (transglutaminase) viliiiinn15asns
nsANga"fin (glutamic acid) u3e ladu (lysine) ity MogremAonsairawuaiide Bacillus subtilis #ifins
ansuanlunasionas 21 wardaulacuinuiiferiumssuansdeiutidiwaduarnstuansnandusioonan
wad nnszuIUNsfauUasinatsiu AeliAnnaniouluslivagiaa (cellulase) Lt ldnaufunsdnmonifiuann
uluviosmann ludunidefuguiinsinisairgduniddunszs (artificial microorganism) Tul w.el. 2543 &
nsasuwuafiise Mycoplasma mycoides JCVI-syn1.0 laenstadlunduasiziaun 1.08 wngiva Wiluluwaa
wuAiiide Mycoplasma capricolum wupiieiduaszituulmifausodulawasutavadly ((md 5)

AMi 5 A wunfise Mycoplasma mycoides JCVI-syn1.0
B. wuAfilsy Mycoplasma capricolum
111 : Gibson D.G. wazAnue. (2010).
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. = a qu v o~ I~ Y A & A a sa
propanediol) titendnldnisgaainnssuls seurluln.a. 2557 dn1saddadvuudanndnanslalasresivea
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Vol 10 NO 1 Jan - Jun 2026



110 Journal of Science and Technology Thonburi University

@ m2 R
) et — —
5 — ' I
§. cevovisiao
E. colf Biosynthetic gene cluster E.coli Amorphadiene
L) b r — :
- Crempepl st (B0 ) e -

: (?( CHO ot e T S ” {

f. M.f Multi-copy chromosomal S cerayisiae Taxadiene

e cl integration of TXS

Cell-free system
Oe,
Slon,
Selection of chassis Uiy,
Csty
- o'ir,,
- -
s
ot b on ~
Biosynthetic gene cluster

. on
b Y
e Paclitaxel
Extraction from natural sources Aremisinin

o, Tanshinone A

Chinese yew / ‘:*.,,'r
Artemisia annua -.‘:‘%. j Insulin
Pathway elucidation Drug production

A 6 WURTSY E. coli Ananansaruavsladu
37 : Zhao N. Lagmuy. (2023)

Tudgduiinisumatiadinedinseiuisnulamugnssuisendt Iranssuwad (cell engineering)

WU selgutn1enIsnngagauiniig Wy n13a530998lsA N1sSnwlsauzise n13SnelsARnaLazNISAUNY
g1 Wudu (nmd 7)

@
SRR =
3 — oy
| .. o
-'-’Nf‘
5 -
r N pud. .
Diagnosis e wo—;; Drug discovery
\\_ inspired coli-engineering
Cancer theraples Infectious diseases
. i '
@ -
== ?
|
ey A
) o

P

AN 7 FINYNFUATITALALIFINTTUAR
P17 : Zhao N. wazmne. (2023).

mMsmuzULuUiIngduaneidmiunsitdadelsaumnu leedauvaswuaiiseliaiunsonsia
thmagalaaluhilaany1d dedthmagalealuhiaanyasilidnianss sl siuFenadulusuaiize
lisausadanmiula uaﬂmﬂﬁé’aﬁmsa'ﬁgwL%aéé’miﬁyaQQﬂﬁwuuﬁﬁé’a%’uﬁmauauamami%amﬁu
(histamine) warlunszdunalnnisasrdlusiusenunatiidnnislsagiuitudluiene venaniddineat

Vol 10 NO 1 Jan - Jun 2026



Journal of Science and Technology Thonburi University 111

19 (phage) AsufuwuaiiSorelsrogrsd Iz as wiamsadnslundluluueiiSorelsathild vty
annsaiusnuazaiiusiunenualuraduuaiisedelsaiiild 3an1sWineduesedt wdlenuifiortes
fulfafinelsalunywd slidesdnadngseidou msfanansenuiiinanmiufanaingsanslfmalulad
uennilfessidaniessuiifsrtumsliiwadiuiiinetow Ussfunsdnidasiifeiumdeiug ansld

FAunIdanannssuskarnslduduneitumsvdesgdunsgduaneiludsindon dninsseiunsliviedeou
ganld (1 il 8)

Gilucose GFP

Disease biomarker Reporter enzyme expressed
OO e
*T @& &
\inpul Output /

Bactosensors ﬁ
B
-

SUNG NN
)
®
o Allergi
gic responses
Eukaryotic cell-based diagnostic ®
®e
C  Engineered phage Reporter molecule
[ J Bioluminescence
L i | e
~ LISy
Dk X L oh O
; o © D el a A
£y L = [ ] R Z
10 A / \ e A )

N
T LA A

AN 8 TVINYNFUATIEANNITUANEG
9317 : Zhao N. wazAne. (2023).

Tutagtufinisl¥armisunuedu 135ufls (machine leaming) luiinedaunsest WowAtaminaz
ponUUVBIRUszNaUNTIn M Tasadrswvudiassaniunisalluiainedunsigit wu nmsvindmnssuwadi
\Reafurasiugnsnilueaduiewndetefivssarufunalnneluwadiias Uuuss asdusznaunisdanmdsae
Usgnaudenismuaunianensiia maulasianarlsiufiisatestunsudasia ueniniindinedaesey
Hldsuuvvuadu Efuidunseenuuunsadastinmluannefvnyadlumed saudnisviwenaiiiaty
Mnmsdaulaswaduaznisesnuuulusiulumad (n il 9)

Vol 10 NO 1 Jan - Jun 2026



112 Journal of Science and Technology Thonburi University

'/.- - ___--; r’ —— \ff... .-\
Gene Exprcssion Optimization *\ ( Optimizing Toolafor '\ ( Opimizing Search and Protein

];ix Prediction of promoter strength Search and mterpret profeim-
= encodding penes
(: Prediction of plasmid = = ,
expression sirengih v Predicling enxyme promiscuity

Predict sgRMA on-target
efficacy and ofF-target . prodicling enzyme fimetion

. BBS strength prediction binding
qggg%é]thmkdkmudnuukm
precess

B Trenscription and translstion

repulation prediction
ﬂ? f:” 1:&5: Predicling prolein stroclures
ool Bons RNA-mediated genetic }ﬁi
| |.... prediction Machine leaming E] Guiding rational protein

for cell enginecring

AN 9 TVINNFUATIEIAULNITU LAUT
731 : Goshisht M.K. (2024).

Famenduaszilulszmdlng
TulszwAlneinsdaasunisSeuiiineduaseilaelinsamangnsinemansundadio arwiy
Fngrdaasies mdngasunnmR) fumninedoinunsmans s we. 2567 uenaniiSsanusodumanug
Fanerdueswiilaglddoseulal] wu Suled (website) nAndetieddnendunsiziuisUszmalng (SynBio
Consortium) w5atneUn (Facebook) ff¥0933Inewnilesssuf (Bioloey Bevond Nature) %wzﬁmmi

MeUAINg FuAT IR uaiug Ui nsUssgndldluanAdelndsgweleuiisl gty faulaenvGudui

D 2D

Bowosseiv Fmedunsieiuasiugimnssuseauilug (411311-65-2: Synthetic Biology & Genome-Scale
Engineering) Iag we. 3. N1And nndauns 919158Uszn el augIngimansnisunng uning dy
usmskazinnuiiduinAnvviganin-ennietinidedivinuniefsuseeglusisussmalanviilviiiauls
Issumnnslmiqegnesings (1w 10)

AR ACACTTTCTG
CCTCTTTAATTAAGGGT
TATCTTTAATCGA
TGTATCTTTAATCGAGG
GGTAAGTTCACACGTTC
AAGGGTCAGCTCTGGTC
GCTCTAAGGGTCGCTT
TCACACTTTCTGGTAAG
CCTCTTTAATTAAGGGTC

TCGAGGGTCTATCTTTA
TAATCGAGGGTCTGTATC
ATCACGTAAG
GTCACACGTTCTGCGGT
AAGGGTCTCACTTAAGT
TATCTTTAATCGAGGGT
GTCACACGTTCTGCGGT

5 [ ;s s g =
Blokgy Biology Beyond Nature: 2123unatiiia »
Beyondi= 555426 CEEED »ivien
Raturs sanam 4.6 vilu au « Advdaaa 10 au Q Aum

Vol 10 NO 1 Jan - Jun 2026


https://www.facebook.com/biologybeyondnature?locale=th_TH

@

Week 1:
Introduction
to Synthetic
Biology

Week 4:
Living
Therapeutics

Week 7:
Protein
Engineering:
Folding &
Optimization

Week 10:
Yeast

Biosensor

Journal of Science and Technology Thonburi University

411311-65-2: Synthetic Biology &
Genome-Scale Engineering

Pakpoom Subsoontorn

- - 8.

Cholpisit Kiattisewee

Jiramet Kinchagawat

Nuttawat Leelahakorn

Week 2: v
Microbial Cell |
Factories and
Metabolic
Engineering
Week 5:
Redesigning
Plants: Synbio »
for Future iy
Agriculture

Pachara Sattayawat

Phanu Serivichyaswat

Synbioecology

Week 11:
Genome
Editing as
Medical
Treatment

Waracharee Srifa

Week 3:
CRISPR Gene |7
Editing and
Regulations Cholpisit Kiattisewee

Synbio x
Cosmetics

Sopida Wongwas

DNA Nanotech !

Beyond SynBio:
Al, Cyborg, and
Space
Exploration

Pat Pataranutaporn

113

A9 10 WdnIVIngiilesssumdnas e ITineduassivagiugimnssuseauiluy

A - https://www.facebook.com/biologybeyondnature?locale=th TH

WBNIINFBIANUFHUF UM TTINeFuaT N ez laTunaadalinisdnauenuAmviiiun1side iy

inedaasgrlugdiuuians sudunumannis (joumal club) nsBaingdaunsiziedswiaiiod lag as. ¥a

=

WAy Neshed dnddenaeuTaygien anntumalulaguuasyend Ussimaanigeisniuagiiueu (Ua 11)

_we Biology Beyond Nature: Arinaiiiasssuaé lauwsawas

eee

P2

1u-Q
54
Biology ¢ R
Beyond a |8

Nature

(3l

saudou SynBio

HOM Screw Journal Club
SynBio EP16: Many Plasmids Systems

o
X3 ()

ﬁm :

Al 11 Aanssuduaumngddsnis (oumal club) M119333meduasz
https.//www.facebook.com/biologybeyondnature?locale=th TH

Vol 10 NO 1 Jan - Jun 2026



114 Journal of Science and Technology Thonburi University

dwsuivlednAmsednefiineduasgiunauseindlng (SynBio Consortium) d518ayidenuinne
Reatumnusinilenanindguaziontu unany enasmeuns 9nUssnduiusuagnisaiasandn wded
ihaulafornuszeduiuser Tienasidu wilsde Thailand Synthetic Bioeconomy Outlook and Key
Milestones wag#sda SynBio Consortium 2024 Solution for a Better Tomorrow (Forum Proceedings) Tu
wildesaonaniaruends weluladuaramufamihmedudinedaased msiiuguannuuasadenig
Fanmuazusugmsmansyaiuiineduaszivesussmalng ((mdl 12)

;
5 o N —— o =D

Consortium

SynBio

Consortium

Bo3nendoiaskhasvlomatsumotAsugio Jutndouusinalng
dmswWauneeogodu UuWUUTLLOAIASUDADE MW
1AsuZioKyuSeU ua:Asugindiied (Bio-Circular-Green: BCG)

§ w0 mrfy W L o wNIN S BN s,
THAILAND
SynBio Consortium 2024: SYNTH|

Solutions for:a BetterrTomorrow, > 10 :
OUTLOOK AND
KEY MILESTONES

Conference Report
11 November 2024
Pullman Bangkok King Power
Bangkok, Thailand

synziok Synéiof

nsortium

amd 12 FJulednimesenedinendaasieiwilsemeinewas nilada i Inedaasiei

17 : https://www.th-synbioconsortium.com/

o

Tuuseinalnelaganduuinnssuiioanamnssy (aue.) idadiuiannuddglunisihanuddiinemans
wialulaguazuinnssy Jeaenndaanuiauensmaniyd aulunarsugia 033 uimuuseweeg1edduuay

Vol 10 NO 1 Jan - Jun 2026


https://www.th-synbioconsortium.com/

Journal of Science and Technology Thonburi University 115

pnspRuALaLsalunsdsiulifugranssudmane (S-curves) femnddyvoanaluladanmiug
%30 Synthetic Biology Technology (SynBio) ?Nﬂ'af??a SynBio Consortium ‘?Tusluﬂ'iswlﬁlvm Inedl 4 nALATeT8
thses leuA anrgnamnssuusisUssmalne Tasaartuuianssuiiiogaamnssu (aus.) ddnnuaniulsvienis
gaufnw Inemans Ieuasuinnssuwrief @eay) dnnuuinnssuwiawd (@uy) uazuiem 903le e
@) sewn Ladin1suseniAasuinamsdenan1fnIevieinendunswiuvislsenelne (Thailand
Synthetic Biology Consortium) LﬁmLaumﬂﬁgamﬂ?@,tazmmaﬂ“ﬁ‘u sy 22 miwau lawn drifhauimun
Wermansuazinaluladuniand @mv.) lneaudiugianssuiazmaluladdinim yuiamnsaluningde
UIINGFHULTATT @01TWINFTNT unInedemalulagsuuenasyus InIne1aenunsmans unTinedeul
1§ uminerdomeluladasund uiem vsan Aesdaisdu $1in (unvw) v3En Insguiou n§U 1 Gmnww)
U3 wnnlns $ate @vavw) U3 Tule Und $afa LS masita $1fn quinnududeiuinenmans
(2IANTUMIHY) W TINedeuTing auintenamnssuwalulagdininlne (ThaiBio) USEw Inavea a1suaud 1A
LarUTTn 717 Tnavea indinea S1ia (v Wesidunsudndunasduindouuinnssy gramnssumallad
FInedunTeilul seme aenndeuwNUENaAEnIuIR AuenseAuNsImLIgaanssuneldiaTegia 093
(Al 13)

(Ubangchak t) bbgl Q & i QIUIa Fﬂ@

BETAGRO

GLOBALR&D invnaman
A
v XPO  SRIUTT A (%) THAIBIO
S—— S g Wi
) . .
¥ Union

AT 13 @U1BnNAAIEeTINFuAs1EvuaUsEInAlne (SynBio Consortium)
17 ¢ https://www.th-synbioconsortium.com/

Whmneglun s wseenidu 3 seey @i szordu (1-3 ) Wunmsnenguliduuds Weasslaauannse
(Capacity Building) fruniswaiuniainendansizsd adraunanrlesuaiusisile (Collaboration Platform) sty
UsEmAuazsNUI A kaskanimag1an1sihdineduaseilUldussloviasdudonied sseznans (3-5 U)
Junsiuuaznisveievun (Scale-up) veenszuiun1skananiiosujuinisdlssnusuwuu (Pilot plant) uas
uglssnundn wazn1sadramnsgiuiusesmandas srozen (5 BulY) sutiunisiuduuduszsneunts il
wieluladifudu (Deep-tech enterprises) UugiuvesdAinedaasigy (il 14)

Vol 10 NO 1 Jan - Jun 2026


https://www.th-synbioconsortium.com/

116

Journal of Science and Technology Thonburi University

S e O 3-5 == 13 =

f"*’} AMUANNTOTUNITWRLA ATUAMNTOTUN TR auannTalumsNan,
J wiosilo maTulad dnu P wiosfio maTuladin wiosiio maTuladdinu
o SynBio #ugu 19y SynBio Yug 18y SynBio fillmududouge
gene & genome editing, cellular pathway and uarnisarmaluladgiu
protein & RNA design circuit design/engineering ddicy
/engineering uaENS Data Integration, Modeling
Uszgnald tugmamnssu uaznTUTEynelEtu
Wiy winfustuinosssu
. & = | Waunsuapuswiiofiv
wingms SynBio Woms Waunnubegnilo}lo/ ‘, antuidutupvaslan
4 ARMSIELIYTIN (UL 1 & io T T
v (- Tn-10n) uavriamn p s ks iy, s iU SynBio Muszwmalnuilu
unAigiunvontn HUTWT LU MTINYAT LAY

vinwe gty wioumums
Anwn v " gt Tusunsurpusuiloty oMY

@Y anUudiuduitveslan
1 9 & synBio

ﬂ%.n n’n‘ﬁadgzqu SynBio Fxéfu mhsnuuimsians IP

UMWNYY #nu SynBio Miun1svin
848 ? FTO msdamalduscToni
P

29 14 Wnaensiaundinendaasigiisssuuvesemalneg
1 walisadinean inemanswasinaluladuisUsemelng (Um.). (2567)

Wethlugmsadgnamnssulna (New S-curve) 1iinn1331991u ieliussgaudmunefinvunld 35la
MusamyavanedAyL IR

1.

Sodsan B msiudinendansizet (SynBio Academy) Wileuunanlasunanslunsnanuay it
yeans sediderngiamensiuiiinerdansiest Wianudarudlaludesinen fideades de
swdwunguiieuarngszideu fundngnsfnyiniendngasinausulagainusiuiasening
an1unsfiny tenvu wazan1tiide VluuagseUszine

$as National Biofoundry Lﬁaaﬁumgumw’iﬁé‘fﬂlﬂauﬁa%u’umi“umasummmimam wazlinsLAIeYIY
Wusinseu Biofoundry szeiulan (Global Biofoundries Alliance) Hioassarnusiufledudainen
dupsziluszaulan

duasuliifianiisusudnaiauikasndnsedugnaimnssy (Contract Development and
Manufacturing Organization : CDMO) luusginea LﬁaLﬁué’hﬂmﬂuL‘?J'amimmﬂmﬁ%’alﬂf;jmzmums
NANTINTYE

Usulgeseileou defmiun nguune @Ry Wneangngruieaudasnd onedinin weswnyaRniy
VANNAEN1TININ Farsaeandestungune defivun selsuseninessna sndiedns The
Cartagena Protocol on Biosafety to the Convention on Biological Diversity, the Conventional on
Biological Diversity (CBD) and the WTO TRIPS Agreement

duasuni9iedunuinti (Frontier Research) fudaingndansesd ioadrsesdauilg Wamn

walulaguazuinnssy s8asuausiaansveInIrgaamnsstluean (Ui 15)

s
Y

Vol 10 NO 1 Jan - Jun 2026



Journal of Science and Technology Thonburi University 117

(Draft) SynBio Ecosystern Development Roadmap by SynBio Consortium

@ RODI Infrastructure Enablers
*  Establish Mational Biofoundry " nvestment & Strategic Funding
= Promote COMO capability .

Seed funding for stertup o solve BOG problems using SynBio
*  MNdwanoment *  ncentive for comporae/C investmant

@ Frontier Research

*  Food & Agricultune

" Legal & Regulation

= Health & Medlicine *  Hipsafetyosecurity

" Cbers * Intellectual properties / Base of daing innovation | |

SynBio Academy [

*  Create cuniculumy frainieg Oourse

*  Support global cannection & partidpation .

*  Promale public swarenss, patidpation & scceptance SynB IO

. Consortium

Resaarch & Tach platform

SHORT (1-3 ¥) MEDIUM (3-5 ¥) LONG (>5 ¥)
. Capacity builong - Lcse-up laalitees L Deeimpe-tasch entes prises
Collaboration phatfom - Mandactiring processes - Hew S-Curve indutny
. Demanstrating comerarcial foacbily - ‘Standaed ration

29N 15 AMSRRUITEUURNATANeFuaseiveslsenalng
P17 : AIAATEVIETINEFWATIEIWAIUSEmAlNe. (2565)

unagy

TAveduareidumsadinnsinmdseresivumaain Sasznaude Suduisuerieduiiavle
safuuinallslumes Winaiifsdunsivvesdlslulsudfthidrgwaditntiu nssuiunsiiinedansied
AeliAansasunlasddidinldaassunningqliun n1sasrdadiTindonisiiunioanilunuarnisadia
WuvEfinsfaudaifuniuedn Tuthgiulinslianuiriuuedu Gsuddulsinedaanesi wouddamn
LareeNuUUBIUsENaUNEIn M Tnsadrauuudaesaniunsallufiinendansest Wy nsvivimnssuieadi
\Reafursesiugnsnilueaduieind et efivssarutunalnneluwadfazU3uuss ssdusznounsdinmisag
Usgneushemsmuaunsnensia maulasiauarlusiuiAedestumsudasita uenanitindrivendaased
HFsUnuuuurdy Esuidumsoenuuunsadastanwluan mefivmnralugad sudinsiuenadifngy
nnsinwlaugadwarniseaniuulsiuluwad ludsenalveiinisduasunisSeuiiinedunseilaedinig
amdngnsineimansumUndin aw3niinerdansies mEngnsunni) fuminetdoinvaseans
venTIntdausofumaruiiinenduaseilaglifossulav wu wedniiifoidineuniesssnmi Ussne
Inglavanituuinnssuiiegaamnssy (aue) iinsdadnfieietediinerdueseiuisUsamdlne 1ito
sudunsndndunazduindouninnssy gaamnssumaluladdimedunssilulszma aenadesiuuny
gMSFNERTYNA MusnsziunTNgRamnTsuAeliaTegRa 33 TAveduangidadumaniiidwaysonis
Wnusznalnglulagiuuazeunan

LONAITD19B9

Graduate Academy Foundation for Science and Technology of Thailand. (2024). Final report: Study on the
technology readiness status of synthetic biology-related technologies in Thailand [$1891uaty
auysal lassnsAnwaniunmenamiouveameluladiifsidesiuivine duasesilulszmalne].
https://www.nxpo.or.th/th/report/30477/

Vol 10 NO 1 Jan - Jun 2026


https://www.nxpo.or.th/th/report/30477/

118  Journal of Science and Technology Thonburi University

Thailand Synthetic Biology Consortium. (2022). Thailand synthetic biology ecosystem development
roadmap 2022-2030 (Draft) [SausfitmsnsiamnsyuuinaiiineduaszivesUsemelng we.
2565-2573]. https://www.th-synbioconsortium.com/about/

Campbell, A. M., Eckdahl, T., Cronk, B., Andresen, C., Frederick, P., Huckuntod, S., Shinneman, C., Wacker,
A., & Yuan, J. (2014). pClone: Synthetic biology tool makes promoter research accessible to
beginning biology students. CBE—Life Sciences Education, 13(2), 285-296.
https://doi.org/10.1187/cbe.13-08-0166

Gibson, D. G,, Glass, J. I, Lartigue, C., Noskov, V. N., Chuang, R.-Y., Algire, M. A, Benders, G. A, Montague, M.
G., Ma, L., Moodie, M. M., Merryman, C., Vashee, S., Krishnakumar, R., Assad-Garcia, N., Andrews-
Pfannkoch, C., Denisova, E. A,, Young, L., Qi, Z.-Q., Segall-Shapiro, T. H., Calvey, C. H., Parmer, P. P.,
Hutchison, C. A,, lll, Smith, H. O., & Venter, J. C. (2010). Creation of a bacterial cell controlled by a
chemically synthesized genome. Science, 329(5987), 52-56. https://doi.org/10.1126/
science.1190719

Goshisht, M. K. (2024). Machine learning and deep learning in synthetic biology: Key architectures,
applications, and challenges. ACS Omega, 9,9921-9945. https://doi.org/10.1021/
acsomega.3c09216

Johnson, K. C,, Sabel, J. L., Cole, J,, Pruett, C. L., Plymale, R.,, & Reyna, N. S. (2022). From genetics to
biotechnology: Synthetic biology as a course-embedded research experience. Biochemistry and
Molecular Biology Education, 50(6), 580-591. https://doi.org/10.1002/bmb.21671

Karatas, P., & Ayaz, F. (2025). Synthetic biology and application areas. Discovery Biotechnology, 2(3), 1-29.

Marucci, L., Barberis, M., Karr, J,, Ray, G., Race, P. R,, Andrade, M. de S., Grierson, C., Hoffmann, S. A,,
Landon, S., Rech, E., Rees-Garbutt, J., Seabrook, R., Shaw, W., & Woods, C. (2020). Computer-aided
whole-cell design: Taking a holistic approach by integrating synthetic with systems biology.
Frontiers in Bioengineering and Biotechnology, 7, Article 447. https://doi.org/10.3389/fbioe.
2019.00447

Schmid, R. D., & Schmidt-Dannert, C. (2016). Biotechnology: An illustrated primer. Wiley-VCH. SynBio
Consortium. (2021). Thailand synthetic bioeconomy outlook and key milestones.

Zhao, N., Song, Y., Xie, X., Zhu, Z., Duan, C., Nong, C., Wang, H., & Bao, R. (2023). Synthetic biology-inspired
cell engineering in diagnosis, treatment, and drug development. Signal Transduction and
Targeted Therapy, 8, Article 112. https://doi.org/10.1038/541392-023-01373-0

Biology Beyond Nature. Facebook. Retrieved December 18, 2025, from https://www.facebook.com/
biologybeyondnature

Thailand Synthetic Biology Consortium. Thailand Synthetic Biology Consortium. Retrieved December 18,
2025, from https://www.th-synbioconsortium.com/

Vol 10 NO 1 Jan - Jun 2026


https://www.th-synbioconsortium.com/about/
https://doi.org/10.1187/cbe.13-08-0166
https://doi.org/10.1126/%20science.1190719
https://doi.org/10.1126/%20science.1190719
https://doi.org/10.1021/%20acsomega.3c09216
https://doi.org/10.1021/%20acsomega.3c09216
https://doi.org/10.1002/bmb.21671
https://doi.org/10.3389/fbioe.%202019.00447
https://doi.org/10.3389/fbioe.%202019.00447
https://doi.org/10.1038/s41392-023-01373-0
https://www.facebook.com/%20biologybeyondnature
https://www.facebook.com/%20biologybeyondnature
https://www.th-synbioconsortium.com/

JOURNAL OF SCIENCE AND TECHNOLOGY
THONBURI UNIVERSITY

Thonburi University
248 Phetkasem 110 Nongkhaengplu,

Nongkhaem District, Bangkok - 10160



