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Objectives

The journal of industrial technology is an academic publication which devotes to be a medium
to disseminate knowledge, research, invention, and innovation for academics. The article provides and
reports of interest to the field of engineering technology such as mechanical engineering, civil
engineering, electrical and electronic engineering, chemical engineering, materials engineering,
production engineering, industrial engineering, environmental engineering, energy and renewable energy
engineering, computational engineering and etc.

For publication, the submitted articles will be reviewed through a preliminary assessment
process for the quality and scope of the content, duplication, and plagiarism by the editorial board and
then evaluated for an academic quality for academic quality by at least 3 experts in related fields, who
are outsiders from various institutions. The authors and reviewers do not know each other's information
(double-blinded peer reviews) and are not affiliated with the same institution. The high quality-reviewed
manuscript will be considered to be accepted for publication. For the last step, the editorial board will
verify and proofread the articles before online publishing and printing out all in the journal for further
publication.

In addition, the research and academic works published in this journal are considered the
independent opinions of the author. The author is responsible for any legal consequences that may

result from the published articles with which editorial members do not always necessarily agree.
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year. Issue 3 will be published between September and December of every year.
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Abstract: AAA Company Limited operates a tutoring school business with branches across the country. The
past COVID-19 pandemic situation has led to changes in consumer buying behavior, with fewer in-store
purchases and increased online shopping. The company, therefore, decided to transform its book order and
delivery system into a 100% online operation, a shift from the previous method of selling and receiving books
mainly in stores. With this change, the researchers identified problems with inappropriate packaging for
delivery and found issues of a large amount of unsold inventory, affecting the cost of storage, and issues with
outdated products. The purpose of this research is to reduce the cost of inventory, and the cost of outdated
products, as well as to reduce the shipping costs and improve the packaging used for shipping parcels. The
results from using SWOT Analysis and TOWS Matrix for strategic planning, with an example of the top 5
selling products, showed that operational and inventory costs could be reduced by more than 11,056,738.81
baht. This budget can be allocated to the development and improvement of other processes. Furthermore,
using the ABC Analysis theory to manage product categories could reduce storage costs by 433,616.04
baht/year and also reduce the cost of ordering additional books by 733,595.71 baht in the year 2023. In
addition, the holding cost can be saved 55,621.29 baht/year. Using weight dimensions as a principle in
packaging design can also reduce transportation costs by 379,762 baht per year, and adjusting packaging

quality can reduce costs by a total of 459,718.60 baht/year.

Keywords: SWOT Analysis; Inventory Management; Cost Reduction; Packaging
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Abstract: This research focuses on designing and assembling a compost production system using cow
manure and asparagus plants as raw materials. This system is controlled by the Internet of Things to reduce
the cost of purchasing organic and chemical fertilizers, increase the fertility of nutrients in the soil, and reduce
toxic air pollution caused by burning asparagus trees. The process uses three compost piles. The first one
uses the technique of scheduling watering inside the fertilizer pile. The second one uses watering techniques
in piles based on the set fertilizer moisture, and the third pile uses Maejo engineering techniques number
one. This study includes designing and assembling compost pile control, then designing and programming
an Arduino IDE to contact MCU ESP8266. The network side uses Netpie 2020 as a controller and display.
This research adopted Node-Red as a gateway to support the future use of InfluxDB and Grafana. To
maintain system stability, a backup was made in case of a cloud server failure of Netpie 2020 using MySQL,
creating a database to store data from the sensor into the server, and using Line notify to report the operating
conditions of the system. The fertilizer composted over a period of 60 days was taken to measure the amount
of minerals and nutrients, the nitrogen and phosphorus elements of all three stacks were similar which is
greater than the standard level of organic fertilizer (grade A). However, the potassium level is substandard.

The payback period for setting us such a control system is only 2 years.

Keywords: Compost; Asparagus; Internet of Things; Node MCU ESP8266

The Journal of Industrial Technology (2024) volume 20, issue 1 http://ojs.kmutnb.ac.th/index.php/joindtech
17



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

1. UNw

EAU RNV R R THEA R E VLA M E SR
Tned w.e. 2565 SU5uNm 257 §1uaw dauiiu
nfIauBzuuuneadil 38% lasfinannnids
NAY LANHIREANSIU uazn 3t luvind wnain
lasunasnfallondndNos 4 uns wisiw 1] 15
dausgunalneldsarunud fidmeduedeunss
w9t1d TwiFesnswanafigofiu(sDss) luizaq
wleu1BNIIAMST PM 2.5 M a1 ainsas
fulou1s/aNaTMIuacTolawaUBEANI 9 LT% RO
Lilsimasnluilaslasdenna saasulddnimin
i izgmInansasanliUszlomt 2] udanasns
wsnfiasazfiaTyninuineaInifssuiaesd
ANUIUAZIIUN Y anzI98989 Jo [3] 1&ianng
#0813UUL LoRa uﬂﬁﬁiaaﬂmuﬁagaﬁiﬁmn
muma%ﬁﬁmf&agfl,ummi%ﬁ'ﬂﬂsﬁagjﬁw"l,namn
@Nang ameI38289 Bhoir [4] #3719 lolalaves
sunsd Geiluduueagsfifunudadinuuaines
I@ﬂﬁﬂﬂﬂ‘*ﬁ’ﬁﬁ'ﬂquﬁgﬁ AT LA AD
wanlaile ﬁ's:uumuqmm:ﬁamiﬁm ESP8266
AeIIuved Mamari [5] latilassanadszan
WoudaanunlFlumssausnuasidnnsaaniea
%’uj’ua:ﬁwamaﬂuﬁ’w o= Tapdnsusamneauaie
SEEY °nﬂ:ﬁgnﬁmmﬂaam‘hmnLﬂummsazgn
iluviienaindndl anzddupad Mujiyanti 6] 10
U loT m’ﬁ"mwfﬁmﬂqﬂﬁ%ﬂ%ﬁmmﬁmsqagﬁluﬁh
lauld ESP32 datiunuaaini daunausainald
waUlSiatuves Blynk Saafan  wiuisudag 1
nasetauds lineulandminfians iwmzln

mswﬁmﬂqwﬁ'ﬂﬂ%mml,ﬁnﬁam%aslfﬁl,ﬁwmmﬂu

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

o A A = > L A &
AT5a% nIallwneIuARawanTey waNaauland
v A A a +| a N s
lalndidssdantndatpndnuuulindunas
@ild1) 71 sungunnzlddunuien 1fiavvne
nMimanpaIii g lWwdniunuyadad filusw
A AT o o A a & & o
wiaflaaudaldnnaania ualaifindumdu 397

9/3 +| v dl 1 a =)
Waunastolanng an1un aruvuruniindad
A ' g/ o ' a wa
Wesudsailunamng 3u uddymilunl joa
a L dA4AL + o o '
da nidiAunnaunestonudinsaInianvay
#9lnans watnuaININT D Ba BILAUNIINIYIA
AANTINAW 9 ARDATTHZLINANNNTT 60 1% 9V IA
dauFoalTiuuaziFo a0 819NN LAZA
U Ld é = Qs
INBATNILIILA B9 LTUTIBIN Teanafl Ty miny
Andauazauruszdidasiilszaumsntiondae
2 ; wUa @ K v 2 a +|
domah auzudalTazun loT Whanxdeds
winldnnmeiazanng hidasafeudeoasiag
NUNITNBATOONWONNUA I ABIRITIIO1AIHNN
fo ldfinfundusuniudunguou lddasld
WRINBLAZLTZALNTAL ENNINAILNRTaR A
mavanuansnuilad landsyyimduinasiia
D INuNaIna M Iaaa lranslumsunasnin

2 X
892% [5]

2. MIABIWILY
ihdunialiissignoaudisluls (8] wainauny
Qai’a Tasusnaantdn 3 nay wdaznadazdinaie
miv‘hﬂwﬂﬂﬁmn@mﬁu
::l' L% Z’ +| v a 6
naIni Imﬂﬁiimuwuuﬂaaqﬂmﬂaﬂiamasnﬂ
o o A A o & A +
9% TUaz 2 Wil iNaInEIANNTRANEIT]s uag
s@luﬂaaﬂﬂﬁmmiﬂéaﬂﬁ']aaﬂamﬁa PVC
ﬁﬁmsm:gmm@Lﬁumug{uﬁﬂma 1 cm NAaVUIU

@ v A a T ' ' S, w ;4'
N 3 LEY TIZLILNIN "UIviataasiin @\‘lgﬂ'ﬂ 1

The Journal of Industrial Technology (2024) volume 20, issue 1

18

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

-

UNAMNITY

= -

Eﬂﬁ 1 NARAUNIINIZANLNVBILNIVIATZLN8N

FIUIU 5 A9 LARTATIRING 10 1% ATIRY 2
a oA I o ' o a & o
w7 wwalwdununisnandsvasinaianazld
ALY “loT1”
) o b4 o A &
nedn 2 lmnﬁimmuuﬂaaﬂﬂmmﬂsamai
NN 9IU THaz 2-3 wINAllaununedn 1 uan3
savlunasazlddranuduvesiofnldanaiiug
A a o a a et
ANMUTUAY 1o UlmmﬂuﬂmimquLLuuammaﬁ
. 5
T m%u@mammmmmﬁuiunaoﬂu 60% A4
; FAT
70%[7] Wananuduwlludinit 60% azdinssalu
ﬂauﬂm‘ﬁuumviaﬂdaﬂﬁwmﬁaumﬂﬁﬂ lIoT1 W@z
- & .
LWaANUTUFININNTY 70% TTUUAILANITALA
. ¥ - Y .
331810 lau3in1shisuninnuy “loT2”
A wa A % ¥
nan 3 13 5n13ve9ud1d1 lagsaiiuwnes
Jodrensldmosnsdalasauiunng i uaz
s a +) £2 =
nng 7-10 T azlimaanznesiloaindsuuaii
919819 Imu@iazga:ﬁi:mmaﬁu 40 cm NN
ﬂiaﬂﬁ,magﬁww:amﬁuLLé’ﬁﬁ@gﬁLm:@hmﬁw
Q“aqﬁsl,‘*ﬁﬁﬂﬂﬂLﬁ@%'nwwqmwgﬁlunaaﬂU"L&J"lﬁ’am
damAnly

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

2.1 msaanm.lmzuumuqumssmﬁmunaaﬂsJ
L% -+ %]
ﬁunua:‘l%nmqgﬁun
A 2 A A & a
Eﬂw 2 mgﬂ‘n 3 U anuazuiaesassvas
¥ 4 A Al by &
suumysainip Weanugefilglumssninanniu
H 99U astNEUS NN 2 LAT ABINITWIIA
AlFEAITURAUR WA 2 113 wIawinny 20 WaT
mmmﬁﬁmmﬁwu’mﬁ']é’mamafmauﬂ%aaquﬁﬁ
[9] a9ENMIN (1)
pXQxH
P =
1021
8 Mag WA, kw

(1)

P @
P Ao aAnunwmLlBUe9i, kg/m?
Q fa sanmMIWavadin, m¥sec
H fa NRIUNFaINITNIANG, m
A A a A iy
N fe Usdndnmasieiasguih
kg

ny
[1,ooorﬁj 0.003335 (20MH-21mM)

B (102)(0.7)
P = 1.026 kW (lumsufjiaidanuma 2 usss)

2.2 N130NUULTITANIT

gﬂﬁ 4 1%@“’3%’u§ﬂmu°§uﬁui'®mﬁu%uiunaaﬂzJ
gaumriadigmnndlunasilandnidenls RTD
LUy PT100 lfﬁa%'uﬁs:ﬂ”ummgwaammi’@
Usurminluds 19Node MCU ESP8266 1 wda
LIz IAHALAZATLAN T Taafimyfessuuy SPI
AU I1C waf MCP 3008 AilFiduduilasdmy o
ADC %1 10 d@ ﬁ%’uﬁagamn@‘i’a%’uf@iw 9
Wwanld IC was MCP 23017 (uaaens 10 wasn

& o ¢ & L ¥
LW E’JVL'I.]ﬂ'JUQNﬂ'ﬁVI'N']u“U ?JGNE]L@]E]S'J']Q'JLL@ZﬁlJ%’]

The Journal of Industrial Technology (2024) volume 20, issue 1

19

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)
ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

’

UNAMNITY

& g
FAILANT 2
Ansianieluls |

| fuveslis
220VAC 1um
2 ugagin

v o o Sl
vaaaaiuszuuie T4l
= a ﬂl as !
nacignau e Wi ALse

3211 internet TAd89

o (2 o
o o o @

311 2 m3fadensin dganugu Tyihuuuneslysawa 2 Hp Lﬁaguﬁ'laanmnﬁ'dvlﬂﬂ'anaaﬂﬂm”n

vataasnade/da

' s3sinasuunasiluniaa

vateasnande/da

dnluussriataasuyy loT1
o - = ’ 6 6
% vataasnadaia

luunsriatsas
wi loT2

3111 3 MILGuriaPVC Lﬁﬂi@ﬁ’]ﬂUﬁLLNdﬂaﬂdaﬂﬁ’uLazﬁaﬂ%dLﬂ8§ LRZFAAINDLADIINAITIUIN 3 A7

The Journal of Industrial Technology (2024) volume 20, issue 1 http://ojs.kmutnb.ac.th/index.php/joindtech
20



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

UNAUINY
VCC +5V
Py Temp sensor w141 >olcmo VPP
uailq ? 165 ohm
R oy, == VREF
_EE Soil moisture sensor LLNTWL o lcHi
165 ohm_%_ CLK 4
? Temp sensor loT1 e o DOUT 3
165 ohm oI o
loT1 <2} Soil moisture sensor loT1 & 3
H3 o n
165 ohm 8 s
? Temp sensor [0T2 oo o 2 MCU
165 ohm (@)
== ESP8266-12E
loT2 Soil moisture sensor l0T2 . = p1senh
165 ohm_%_
@ Level sensor , o | .0 D2 (SDA)H—
L= 220VAC
—_— F 165 Ohmz_ AGND XTAL1 XTAL2
N DGND
| T
t 1l

llpuputTinirsainily

¥

+12V

X

oy
T i damnsalauunesaslunes

.
El uslnamaiindasatinuunestls Y
B

+12V

FanamaingsniuneslaloT! -
1l

—

&t“; < +12V
—

e
=

fanamaingasauilunetlalioT2y

+12V

T

o < - Yoy o
:L Suamaindiaudn gy

L = 220VAC

L=220

+5V
siond KA |
Start Submerse pu mplﬁ

Stop Submerse pump

\g ..... g -

L)

|
Submerse
pump ]

Tuundavndntena 5000808

Eﬂﬁ 4 ’Jx‘i‘ﬂiﬂ’)ﬂ@!lﬂ(ﬂﬂl"ﬁ Node MCU ESP8266 ﬂ‘i:mawaLLazaﬂmum‘iwﬁmijwﬁ'ﬂﬁamzuu loT

2.3nvaanuuusanauly
Fegruiaisnldldaaindidininasvas

Netpie 2020[10] 2

MQTT) [11-12] W uldslanasFomIuuy M2M n3e

a
a

i wma Telemetry Transport
loT @43U71 5 Usznaueis 2 dau Aolasauduazly
sanas sl,umil,ﬁum‘iagamaaéﬁ%‘ujuuumql,ﬂiw
LI "Lﬂ"’l“ﬁﬂﬂﬁmm‘mg‘*ﬁagauuunmﬁm%ag

zTauvmﬁ'aua:ﬂ"ammsndaﬂ'maﬂlugﬂLLUU

WIWANA.CSV uazld Node-RED Mdueiesdiams
Wan il s ismsunmadoullsunsusonmn lu
n3d 7 Netpie 2020 LRag AT oINS an JRHESTHES
JTUUTIATT Lﬁa’lﬁﬁagamnﬁa%’uj@m 9 Lidins
gywin lwnuddsldimadutoysuudivinesly
MySQL SLumia%agﬂmTagmﬁimﬁum@m g 7i'let

mn@‘i’a%’ujﬂ”\i 6 N

The Journal of Industrial Technology (2024) volume 20, issue 1

21

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

UNANTY
Fm———— 3 _ ____ . _ 2 _
| Download Upload Latency’ | I
| al Jllent publish("@shadow/data/update", msg) 02
NS T e [ PbTEh )
v
| | Protocal MQTT |
I | maqttserver brokernetpieio
ANiFi 2.4GHz |
I > | Ke Subscribe ]
| H # i |v0|d callback(char* topic,byte* payload,
I ESP8266 |unsigned int length)
| LEEE 80211b/g/n |0 | |
I — L Broker |
| Client L
____________ 1 — [
}
hptt.begin(“http://192.168.88.5/write php”); e 4 )
B Node-RED http://127.0.0.1.1880
5 httpCode=http POST(postData);
R quugd  eondu  quwgd mwdn quugil mendu )
gsoL T_maejo1 [M_maejotlf T_iot1 [ M_iot1 Jf T_iot2 [ M_iot2 | date ﬁ - network nadngnumniile(usila)
O nﬂvﬁmqmiqﬁﬂa(\m‘ﬁw)
Er nadaaNmufe(uitdn)
nﬂvh’mmw%uﬂu(uﬂa"w)
inadnguunnile(loT1)
nadngnmaiitle(ior1)
From ESP split ~ switch inadamonduile(oTt)
connected —
nemidnpau@uija(ioT1)
inadngaumpiiie(loT2)
namdngaamniij(loT2)
| |nﬂf7ﬁmw€uﬂ_ﬂ(loT2)
- - Ta—r
| wualal loT] o namidapauauijt(oT2)

311 5 mafieaslislanas MQTT w89 Netpie 2020 N3l Node-RED uaznstufintayanigiudaya

MINAFOL VLRI T WiFi 2.4 GHz

NN aasawnasiiaiinn 388 183 Node MCU

ESP8266 7152812 14 a3 Usiaanndsiawansle

amwmmamwauaw Upload 'leifingaga 38.86
Mbps LLaZ ﬂ’]mml“n 33.76 Mbps mum Download
vlmh;pq@ 52.62 Mbps LazALafef 50.49 Mbps
Lflmiwﬁ@ﬁ:mdwmﬁ'ﬁmu@mnmmgm IEEE
802.11n[13] (70430g9gacia4 laLfin 300 Mbps uazdl
amuaannlumsssnduaymldszoslszanm
70 watlulassadsdauas 250 wasluilaouss)
&uAN Latency #3861 Ping 1Jwa1uislunng
AOLEWEITBILAT BTN natvasg MuInaddan

d1§@ 10.70 mS (Minavauadisiiasiag)

jun 6 nMslEniald auuwnsuasaunaanasy
Netpie 2020 l53aidainaingmunniinazanuduly
ﬂaaij 8119 3 NBI(WUL loT1 1oT2 uazusdla1) daums
i@ﬁmuﬂmﬂﬂﬁmﬁ‘aﬂdamﬁmﬂ?uﬂa% O Talaieb]
301Na9N1 (IoT1) uaznasn2 (IoT2) lunadelnu
< A A o o
TaganunInadaanIalagianas sataana
A & &a ' o a
N3N 4 aﬁs@]meanmez"lwmiwgmmwm
RUUS o Tl 15w tadiuas DS 1307 ueias
0o aa = A o
hIsmsisnmuesusnnaiidunandagivan
lslanaa NTP faguuduinasifianld il

AR RUULUALADTN MR L baTLN AWK INUANAR

The Journal of Industrial Technology (2024) volume 20, issue 1

22

http://ojs.kmutnb.ac.th/index.php/joindtech


https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B1%E0%B8%95%E0%B8%A3%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%AA%E0%B9%88%E0%B8%87%E0%B8%96%E0%B9%88%E0%B8%B2%E0%B8%A2%E0%B8%82%E0%B9%89%E0%B8%AD%E0%B8%A1%E0%B8%B9%E0%B8%A5

MseTIvmanalulaganavnssy (The Journal of Industrial Technology)
ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

’

UNAMNITY

naen3 uila1 mssmildussuau  salunasit wmalAn1sAaIa(oT1)  salunasin2 mAlARI%ANNTU(I0T2)

quupiilavin@Ganssuuilai)

54

0 C 100

anduilavain@Ganssuuslat)

N
0. % 100

szauludawniin

171

0 ‘TUALNAT 190

udunasaiawnia

@ of

LAMP'axﬂfheLﬁﬂﬂui‘uwaﬁ"ﬂﬁ'\nu—‘

Haaindnafiasasnisisa
nsinuaal;

Husindnaiadasnisugn
mavinulawuudasiia

guudilansin@as loT wuud 1)

56

0 C 100

anduilaudn(@ag loT wuud 1)

N\
0 %

() 100

wamasnfsaiuunasila@an loT wuud 1)

.off

wamafnfasaiTlunasi]a(@ae loT wuudi 1)

@ of

s . Y
samasnslaanidtds
® o
tluthnasdle

@ of

Fu-haudl
28:5:2566

Falne-ui-3uni

1:54:36

Sasmaffidaanis 1
|

Frmduiisaims 22
G ]
F‘?\il’]’ﬂ']l.ﬁﬁ“ﬁﬁﬁ\lﬂ'l? 5
[ |

Suasiifigasms 2566
Saamdalasiidasnis 12
KarannFiidaams 0

aFai1—>5uiFaudl-->dnTue-und
22:5:2566-->12:0
afafiz—>SuiRaudl->dalus-und
1:6:2566-->12:0
ASI7z—->uauil-—>galue-ud

11:6:2566-->12:0

AFIR4-—->TuL R wTl-->da Tue-unil

21:6:2566-->12:0

ASs—>TuRauil-—>galue-ud

1:7:2566-->12:0

saamsmitlunasile 2

fluffunisdaian

Anaadisslunissainlunasile

2 Wi

auniilensin(@ae loT wuud 2)

pol

51

0 C 100

Anduilaudin(@ag loT wuud 2)

o
0 % 100
uawmasnfsaituunasia@ae loT wuud 1)
@ o
wamasnfsaitlunasila(@e loT wuui 1)
® o

aAr%anudulunasilavdingsgn 70

aaAr%anudulunasdlavsingngn 60

fiuffufoanuiiu

A%anudulunasilafing sga-->gagn

60-->70

savunadlanaiii Laznein2

----- sananilagiFanasuunasilaudin-——

Aalaadi 0
win 0
fluduania

saAnasu @@l nedi-unin)
»»»»» saaailaslFanasuunasijavedn-—

dalaeii 0

AR 0

=

dudunaiia

AaANRN Tl A(E2 T aN-uNAn)

12:7

3171 6 101306199 VBITLUUMINILANU AUV UIAUNAN ¥

The Journal of Industrial Technology (2024) volume 20, issue 1

23

http://ojs.kmutnb.ac.th/index.php/joindtech




MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

3. fumaumiwamﬂwﬁn
mimaauﬁwmi"fuﬂmﬂwﬁ'mmu"l,;iﬂé'unaa
Wuswan 3 nes luind 13 w.a. 2566 lagudas
naafinaning 25 m v11 4.2 m lfyadanudu
%uavlﬁsl%"\magaé'ufuﬁ'uaﬂ"mvﬁmu 5 lanudnzin
AU 7 cm Lwia:fyusl‘ﬁgai’a 10 kg faduniald
dmiinyszanas 40 kg Fmssatinaaudunasudas
Fuliria g nes Teddmiielenmamuisaigm
malunaaﬂﬂﬁazmn atnmboUaLIIIAnAIL
naaily TasdunassIunanua 15 54 ERHGRRETN
nosnsaldassszunm 110 cm am'\gué'ﬁ'uj
mm%uuazqmﬂn“muﬂmﬂ st 4 Aacunsyio
Usaesinlunasuwnessud 8 mngﬂﬁ 7 L‘ﬂuﬂa\‘iﬂﬂ
WINEIWI 3 NesfidunoaLETIEuLT wazdinissa
ﬁmunaaﬂﬂﬂaaﬁ' 1 uaznasi 2 lagldszuy loT
funesdi 3 Wumssaindesansasns lasldme
sedarinusmunnasliia 9 wazvinnn g A nadh
ﬁnmchuvl,mqﬂs) 10 fua:ﬁmsm:gnaoﬂmﬁia
ﬂiam{mﬂuﬂmﬂ“ﬂ I@Uﬁgﬁi:ﬂ:ﬁﬂqﬁu 40 cm
amwmmﬂﬂﬁnmchuvlﬂ 30 Tmilauginadiy
AAR91N 110 cm AR 40 cm LLa:ﬂaaﬂuﬁnmmu
11 60 70 ANugInavluanadniaied 30 om
Lﬁaﬁmiﬁwnaaijmﬁamnﬂwﬁnlvﬁ”mm%u
aaaduazgmnndanas@nialndifosgmnnd
wesad lwnuidsiald 32.5 °C) lagdnIwannau
nesflonng 1 iuszozing 5w niwfuls
nazauniai Wldnuldud duduniaianuma
Ingind svaanelinuagsmusnin Wlfiduingau

1umiﬁ1{! gnansaune i ladney

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

—_ g
nissauunesiladaealFaunas

=

YT

[

sun 7 mysaviuwnasilons 2

NaIR8RITFLII

v
o

& a v
Lﬂai@l'lunﬂ']‘ﬂ@]ﬂvh AU loT

¢
4. MIINATITARANIINATAL

a A

a 6 1 3 =) =)
n133ATzR LY Ile 4 nYal e nIdld 1
A A 4 o A A =

FNIINULVDIATDINAAL 8% N NIN 2 Anw

a a d { a J +|
wqmmiwaaqm‘vxﬁmmzmm%uﬁmﬂ‘nuluﬂaaqﬂ
N3N 3 ﬁﬂmﬁdqmmwmaaﬂwu”ﬂluﬁawaam@;
mmiu,a:qmauﬂ'ﬁmdmﬁmﬂﬂqwﬁﬂﬁa 3 nad

NI 4 Uszlomif lasuannuiae

a I's n:i a4 'Y
4.1 NMINATIEAANTINWLVDILATDINANT] BN
NN 1 1 uHamMIagaUsNIsansluan
@199 1 sruuUUan1snsessy szaenelung
ﬁamsﬁagﬂ%’mmﬁummﬁ WiFi 2.4 GHz aa17@
A€ & A o o & w g o =2
WESWasN LTI nIdTatn bunal T ande
A o @ A ~ a4 ' &
°u@mnﬂluﬁawaaﬂimmmiwamqﬂ@laﬁm

42 mﬁmmzﬁqmwg?ﬁuazmw%buslunmﬂ ]
mﬂgﬂﬁ' 8 Lﬂu@iwaoqmﬁqmuﬂmﬂw&a 3 nad
ARBATLLLLIAN 60 I LAWLAINIUTI98Y 5 IUWIN
@iwaoqmwnﬂﬁmaaﬂmg@ 3 ﬂaaazgaﬂifuamasmﬁ's
m‘i’ommfumqmﬂgﬁdaﬂ 9 8ARI8E19T1 9 LA b
§uq@ﬁqmﬂg flnddnsgunniiuiadan EXpon

TunmsAnsnazen@nunNasa I

The Journal of Industrial Technology (2024) volume 20, issue 1

24

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

{ =l a 4 o d o X
M990 1 ﬁNiﬁﬂ%Z‘ll?NLﬂi@dNamJ‘Uﬂ&lﬂ‘i’lﬁi’]x‘i‘ﬂu

NI

sruuduannsfisesiy macOS, windows

iOS, Android

AT IWETA a0 Netpie2020, Node red

MySQL, Line notify

JeUENNNNAFOUFY Y WiFi 2.4GHz 95 m
ldunnga Aaszoznenniiuasillds

EsP8266 Tugnnzdifsfiauanstunans

ﬁﬁmufumﬂqmﬁmmm fvaatinlu 5%

09UUIA 5,000 FAT Lﬁal‘fﬁ@]ﬁ,’mmﬂ&l

- " | F .
Funasilogeganaanndunaida 2 Nay
38UNIHAA (VUANasils nd192.5m

817 4.2m §9 1.5m)

- @nanniairavadtlunun
9 aU aU 9 9
3Un 9 LﬂumiﬁﬂmﬁwqmﬂgﬁﬁmﬁlunmﬂU
Aa a & ' < ' o<
AVANN VY HDE19TINSIT9 62 TALUIuIn A3
Lﬂﬁyuuﬂawaqqmﬁgmuﬂaaﬂwu"’mﬂué’nwmz
InalAIA8IRaNTTINGA AdaNMTN (2)

Temp = Slopexdn(hour)+ Initial temp

2)

Temp ¢ anpiiflandniiamlas, °C

Slope A A1ANNTH

Initial temp A8 ganndiandnfivimisudu, °C

(A
=1

Wannday s luaadunmn Iura N FNNUT

szningunnitonunafldndngs laul45%
nanasluiiFadgn (Nonlinear Regression Method)

lalumanmsndiamaas asaunmsn (3) 4 (5)

Temp(LL&iIilw 1) = 8.66754n(hour)+36.377 (3)

Temp(loT1) = 6.2162xn(hour)+39.801 4)

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

- [Immehiunaslsuuiot2 | ~imssehlunsalowuuls |

‘—qmngﬁ‘lwnaaﬂ.undfnﬁ — gunpfilunasijaloTt —gmwpiilunasijaio2

0
0
0
0:00
0:00
0
0
0
0
0:00
0:00
0:00

aaaaaaaaa

18/2023 10:0

6/8/2023 10:00

28/2023
30/2023
10/2023
12/2023
14/2023

[3
[3
7
7,
7

month/data/year hour:minute

3Un 8 fgnniivasilundnig 3 nadNn laanms

NARDUANDNIZTHZLIAT 60 %

100.00

90.00 - Temp(uif[ﬁﬁ) = 8.6675In(hour) + 36.377|{Temp(loT1) = 6.2162In(hour) + 39.801

80.00 - R? = 0.9616 Re=0.8733

70.00
— e A =
G 60.00 o
T / -
g ’ %—/" Temp(loT2) = 6.4747In(hour) + 33.485
F 40,00 17

7 R? = 0.9159
30.00

—amnpilunaailounldt —gunpiilunasaloT1
o - I
---namiiiiy (gungilunasiouailit)

---amifin (qmwﬂﬁlunaaﬂuloﬂ) ---amifiu (a‘mv&qﬁlunmﬁmon)

2000 - . K
—amwpiilunaslulor2
10.00 H

1357 9111315171921232527293133353739414345474951535557596163
Hour

i 9 @iwgmﬁgﬁlunaaﬂﬂﬁh 3 NaIN beAINNT

nagaukaznsiwslusi 62 33 lususn

Temp(loT2) = 6.4747xdn(hour)+33.485 (5)

TNFAMNTUVAING 3 FUNT MWAIANUTWIREE
ﬁ]:vl,@ﬂumahsjﬁmm'snﬁﬂﬂﬁmmmqﬂmﬂ qlu

ﬂaaﬂrmﬁﬂéue] wuusenin e assumsn (6)
Slope = (8.6675+ 6.2162+6.4747)/3 = 7.1195

Temp = 7.11954dn(hour)+ Initial temp 6)
tT'm"lqmwgﬁﬁﬁwuwmdaa%ﬁwﬁﬁwgaLﬁu N

'
=

N2 ulumss’aﬂamyﬁuw%ﬂf@q
ﬁ =

=3 a a
winpfiagiung
afiSuuazuand luidnansld [14]

VI TR U

The Journal of Industrial Technology (2024) volume 20, issue 1

25

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

gawarinliauinnisdopzans b auyitﬁuazﬁﬂﬁ

izﬂznmlumsﬂ RHERNHEE] adﬁu'ﬂ’%ﬂf@]qmumﬂ

a X
JANKINEY

- gamsiuinwiuimanzauiunissainle
nasflamnain

ﬁnaaﬂwﬂ'ﬂﬁ 1 (IoT1) mimﬁﬂunadﬂmwiaz
5991858 M3 T usBE AN 10 T4 gﬂﬁ 10

WuHanImMagaun1sIatiilunadsuurvialsas

[ o
o [

11 A397 1 lwIuN 22 wEAAN W.A. 2566 LAl

A1 WK

q U
P § A A A A ' g
LW&I”]J%VLﬂE]g‘Y]ﬂ’]L@M LLALUDNINITWIATANUD LAY

J8ABILNED 46 °C NAJIINHUIZADL

1@dmariuszoziia 10 % mmm%ua@mmagﬁ

32 % GadudfisnAwinwusnadiimsdesaans
'l auyvokle AR T WA LA m:am:agﬁ'
60-70% [7] %qaglwﬁ'sai:ﬂmm 6 1 lunwlfia
0199208 1U129 67 TUMUANURZAINVBINBATNT

daugﬂﬁ' 11 Lﬂumsmiiﬂﬁﬂuﬂadﬂw:ﬁ'ﬂﬁm
unsriaddasiilunasd 2 (o12) luiud
31 WO BANAY W.A. 2566 Lﬁamm%uluﬂaaﬂmm‘iw
N1 60% '«a:ﬁmsﬂ&iam{mammq@ﬂ&iaﬂﬁnﬁa

mm%usluﬂa\‘lﬂﬂqamnﬂ'h 70 %

- Fwnunm i) ﬁmmzaxﬁ'umﬁ@ﬁﬂﬂaaﬂﬁ
’Lumsmﬁ’munaaﬂmnaa% (IoT1) Laznas
12 (10T2) a:i@ﬁmﬂ 9 AW FUTINe Y
wionnunsesnaslaslding 2 il TasauSunm
inlddenasiian 200 a3 mng‘ﬂ‘ﬁl 12 Tuiud
22 wmnen w.e. 2566 ladmssslidnissainlu
naaﬂwﬁ'ﬂ"?ﬁ(loﬂ)Imﬂa’am{wﬁmmﬁaﬂdaﬂ
i Tapasaan 2 wadt (140 400 5a3) Tawnns

mﬁ,ﬂuﬂaaﬂULL@iﬂ:ﬂ%’dem:ﬂ:nmm{lﬁ'u 10 %

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

100

% |_ mm'iu'lunaaﬂuloﬂ_qmnqﬁ1unaa1JuloT1
80 iﬂmlunmﬂmmu\oﬂ 2210.25661178112.054.
70 ifiaan13.00m amudulunasiluiald s9%RH

60 [ =T
50

Moisture(%RH) / Temp(C)

» — I

30 m l -
20 sahlunasilouunloT1 22w 25661138112.05%. usifl
10 vm13.00u. gungilunasiluiald 460

317 10 dgannuazanudulunasilof 1(1oT1)

u q

1 0/ dld :‘ #)
n ammmamumﬁ@uﬂuﬂ E]\'iﬂq ]

J— T T o
i;g LuUIoT2 31WA.2566 7138707.00%. amatulunasily

[ 90 anaail 58%RH Thiwszuumuguyinuwlsasisalunas

a 1 —

5 80 _J JuunloT2 31wn.2566

LR 1108.00u. ANwIuluNesils

= 60t S

T

B 50 e e

S 40 L

] & .

5 30 | — awiulunasiloioT2

% ) = o

8

2 } = . LULIoT2 31WA.25661176708.00u. gawnnillunaaily

] 20 7 = aumpilunasilulior2 A g

10 + A0 42C
L
0
888288888888883388883358888888333385888888
SRR R O P BN RO MC O N E oMo NN BHO ™06 N ® S
mmmmEHHNnmnn =S T AN T AN anmm T TN AN
R B B B e e B B B papapaghy
SN RNNRe S cNNRNSSS8oR0RRES5583R%
QSRS 8SS88RRRCSC588S85855RSRSS8SS85R888R8888¢8
2300388830 aaIN8855503888 5533888833998 33%
AR R et R
iR Ra R g g s afain v v e g v U i v
FE S & R P ey e
month/data/year hour:minute

31U 11 dgampiiuszanudulunasiled 2 (oT2)

[

' Aa H +
N2ULLRSHRINA ﬂ'ﬁi@]u’]l%ﬂa@l‘! |

HlaloTt pawngillunasilelor2 }

—amngilunasiloualldt — amngil

70 g lidimasashlunasilouuuloT2 22wa. 2566 13.00u3alds5C l

[ lunesilouuuuallit 22we 2566119112.05%.

uiitaanz.oondali 41c

iﬂ‘:ﬂluﬂﬂquHUU‘OT1 22Wﬂ2566d
10 1I12.05%. udNM13.00%.70 16 46C

31 12 @hqnmn“ﬁﬁa@maa“'mﬁaamnﬁmﬁ@ﬂﬂu

naatlemini1(loT1) uazlunaatlominiawaildt)

The Journal of Industrial Technology (2024) volume 20, issue 1

26

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

qmﬂgﬁ‘ﬁ'fmvlﬁa@mﬂ 60 °C aovl,ﬂa%i'ﬁ' 46 °C &%
nasfl 3 ails1) ﬁlﬂﬁmwmmi@ﬁwﬁuuﬂaoﬂqﬂ
wazlunasiodrnaoeng mﬂg'ﬂﬁ' 12 wulasuie
mwmnswﬁﬂuﬂaaﬂﬂ@hmwmmmmﬁu vinlw
WansgyiisanuiaulunasioUIusmn @1
qmwnﬂﬁﬁi’ﬂﬁa@mﬂ 60 °C mvlﬂagjﬁ 41 °C Savin
ﬂdﬁﬁqquﬁLﬁuﬁuuwaglui:ﬁuﬁmm:amﬁ’u
AT R GRS IR AT RE @Taﬂm@ﬁ:
Uszgumsaivesineainsaaduwiesuduiunis
Yjudeu ﬁhumﬁmiﬂuﬂmﬂﬂﬁ' 2 (1oT2) lin
wanaTzuuUs e e s laiinew FURALNTIE

mmfﬁusluﬂauﬂUﬂ'avlaja@aa@i'mdw 60%

43 myanziamnwasilanain
iaﬁmadijUﬁuﬁﬂ‘ﬁﬁ‘hmumqmmsmﬂﬂ’h
EIGH Aafivanua 13 oha[7] Uaznaue8519
2IMINRAN TIDINTTBI LAZIAEG neNTIA 2
Wunanisnageuaniasdjuanisaiy amedm
UgAdnen ¥nanesuineasaaas 3. uaslgy
Wledinmamesauns 3 uuulinaswEdeanlndifos
A LLa:LfiaLﬂ%'uuLﬁyuﬁummmgmﬂﬂ'ﬁuﬂ?ﬁ

(1NIQA) [15] mummsv‘i’m'smaaunﬂﬁymmﬂﬁu

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

A A o ' ']
mglwunsdoandindt uddlulasiaunaz
Wamwaiafidrganinanasgiuvesilounid (nia

A o o Pz o A Ae '
A) NiRua L TNn SIRINLNUN TN G 8IN1T5INNT
WSnAulavassauLaziIMIuHENBaIIN [16]
mnwam‘smaauﬂﬂﬁa 3 naIdan CN Uszanm 12
RUNUANNINTTULMIRINTUS I awlulasiaununn
wanzliauiundessansvesgunididuly
2819370137 @1 pH VaIAWNLANIZRUNLANNT
windulavasdunielilselan 6.0-8.0 [17] A1
ﬂ’miaﬂammﬁawylizﬁmmﬂﬂﬁuﬂ"?ﬂ‘ﬁ"l@i”ﬁ'd 3 NIl
Aannnin 80% suduniiagivaaldummans
ot Il nusanariliGuy enmednomludule
§ 8Nt uNITINBIANNTUANGY 0l
Uszngadriinaza W lunissasinvesnd sz
A A v A A ' A o o
uwazillanlaududaninduy sanadrinléninan
1 J s v v 1 1 1 { L 1 o o
niaduananilaadrsing lesnunienn vin
lﬁa@@hgtgL%'ﬂé'w,ﬁaamrmwnﬁuNawﬁmvlﬁazha
' [ ' a v X &
an @unstiudpdime nunsdouligedunu
ldlasmslfiaeizan g Afinglnunafougs
JINNUNGIY LTW WNAVTIN(4.84%) [18] lWRan

N3u% (1.57% - 2.04%) [19]

6

n:' = o A o & o 4 a a
M1IIN 2 LiJSEJ‘ULVIil‘iJﬁ’]@!a’MﬁLLazﬂﬂauG] Taﬂi.!ﬂ'ﬂﬂ 3 nav ﬂuuqﬂiiqumaﬁqﬂauﬂiﬂuﬂiﬂ A)

WA miladunidinIna) uailal loT1 loT2
nIA-613 (pH; 1:5) 5585 7.32 7.39 7.52
USnmdunisiag (%) lairtosnin30 vasiwiin 59.35 58.44 55.82
msziamammﬁaugmiﬂuaaﬂnﬁm?ﬁ lsivaendn 80 Yok auysnk auysnl

(97.64%) (83.31%) (111.81%)

sansuaiuaudalulasian(C/N) laiiAin 20:1 12.12 12.24 12.13
Tulasaunanua (%) laikanin1% vasvimin 2.84 2.77 2.67
WamwWasananua (%) laistosnn0.5%uastmein 154 1.65 1.55
TWunAIT NN INnUA (%) Laitasnin0.5%vawinmiin 0.18 0.15 0.06

The Journal of Industrial Technology (2024) volume 20, issue 1

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

4.4 U5 daminlasy
a o t;/ YV o U I v ﬂ/l dl v tg’
TagwIdpilaindunsio laHssnnandungdu
Vhfmslfﬁwﬁmfluﬂwﬁﬂ vinlst laidaarRuenlgaeln
,§’ + a A 6 U+ ~ a
mfetluduniduazaansldioni aasninwdu
& o A o 4 A |a '
Lﬂsmaumadmﬂl"ﬁqmﬂuﬂimzu,mnama
@aLiag [20] daumqﬂaaﬂa%’a"ﬁamﬁumw
dgruninlsansuazlnwnadausiovinlisn
~ ' v ldq/ =1 o v
udausanumudalsauund [21] dronqit 3avilu
aadltinelunsdesnfatasnu/iidalsadns g
uLazaanNIREaNTaIBIAINa UGN BaINIE 17
waztialddnisindunialanserinld'liifiae
sanluameaduismuiishihasmgams
wazyiunIanuTmAniiidu vlwladaaay
1 U o a Ddz
anlgiolunsUiudyeanmdulidau 22]
A ' & A Ao A
NaTaf 3 drgunininldluauidoaziien
g9 aungunnzduuIunluiFesnssnuide s
ﬁ‘hLﬂuﬁaaifﬁagm‘hu’mmnm"?mm:ﬁ LA
o @ a o M 1o o 2
i llgnwasisnsaaasini dndusante G
nInuanazrinlineasnIzINITaaad b Inean
FAUINNIN ts'nuﬂqwﬁﬂﬁﬁmumaaﬁuﬂ?ﬁ'@qtiam
FNULAL g URANEIINAUIINT 3 NaINUIRIN
867 ALANITN(AINNTU 80%) waAlilaa1nuRIN
ANnNTULNAY 15% (HRINAITN 2) Tninae
AARILARG 217 ALANTN(1/4 Vo IUIRIBNLAN)
A ' + A ' a
waziilatautenanizdomdunsadiadon
ininazanasdn 10% 39 ldladiningns
195.3 AlanIn/ 150UN13HES adtule 1 T nEald
4 591U V‘iﬂﬁ)’lﬁ'«iﬂmuﬂwﬁﬂ 781.2 Alansuann
mmﬁammmwmﬂﬂﬂ”ﬂ&iimmmummaﬂ%m 8z

35 U1 [23] vinlwdadszndadas 27,342 un

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

LLazﬁ'dVI,@TLﬂwnaa§uﬂ§ﬂf@quwiﬁﬂqu%ﬁwﬁuLﬁa
$nwanudninds lisndudesdounaunio
%Lﬁmnaumwauﬁ'uﬂwﬁ'ﬂl"ﬁmmﬁuﬁﬂ Wfatihen
MI89Y1 55,043 11N wseapdlszndas lden
STULLIAINTAUN U [24] Gsgunisf (7) &
frszanm 2 9 Fadudnfidingn 5 Aadueniy
MR LLatmé‘dﬁnnmfuﬂ'ﬁamuﬁ]m@ad Calily)
wiazlidesamuludinsasguninifiianne
dlginasunmaadudn 10,043 N 9%l
1ad1'ls 17,299 un /A (27,342-10,043) ud o1
mwmmiﬁruﬂaaﬂﬂLaw:ﬁﬂﬁlﬁwﬁﬂiﬁﬂﬂa:
4,500 U wazfignduiiainsaInsamunIansa
o'ldias Mazvihldligeimnsdasanlunvigsia
Tnaiifindn Lwiﬁwﬁmiﬁ’fi?aﬂﬂuﬂ"ﬁmu@mamam
i'lmﬂsJ@T\ma"nﬁiamaﬂ%’uifumumL’3uLWaluLL@i
azdl ﬁﬂﬁmmﬁunumsﬂgﬂmi,a"l,&m%"aN“’umu
LLazL'ﬁ:mﬁ'umﬂn@nu lumtﬁﬁﬁwﬂwﬁ'ﬂﬁwﬁﬂﬁ
112 luls Vl,zdﬁmma"']Lﬂuﬁaaa@mm%uﬂﬂm
iwAadni 30% (auinasianasgw) lunsdias
mwmmi’mﬂ@ﬂ%ﬂUﬁwauﬁumwﬁuﬂ%ﬂf@q
Agaslinuamuiingn 623 Alansu(@nudu
40%) lalausunsoldlssdszanm 1 drfdame G
nasauuilaladiuan 215 earin dwdaldtas
4 59U a:vl,@‘fi{'mﬁﬂﬂy 2,492 Alaniu vililaile
T&sman 8 15 suinfiannuisoouia 4.22
15 vinlwaunsaldleszunm 2 assde 1 0 laola

A398z 1,252 Nlansy LuIzuzia®an 6 Laan

ANIIRIN (7)

IZUZINNMIAUNY = -
adznga

The Journal of Industrial Technology (2024) volume 20, issue 1

28

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

= a O o A '
AN 3 NYHELD U@mﬂmmﬂumsmmumm afl

51813 UIBEI® (UIN)
@hﬁaa%ma:qﬂmrﬁﬁmm 45,000
Funiie i $asimiin 6,840 kg 0
¥ada(inils 12 nav) 1,800 kg 5,143
f Wi 80 mibae 400
A lEanaauuInmInen o(unLiu)
mLLsaﬂfuﬂaaﬂﬂﬁa 12 nNad 4,500

fuSnsduinesiiia 388 o(@lgagua)

FANNIANA 55,043

5. unasl

NAN1INAFaUAINWRIUJUANT ﬂwﬁ’nﬁvlﬁ
n1s 3 mediaandarlndidsani uaaaliifinn
Ao rnInmMINEauananIn uasslRA e NS
Indifpanu drlulasaufidrgenirdmnaspuds
Buwn3g (1naA) Uszunm 2.76 1vin Waawasadan
qm’hmm@mmaaﬂUﬁuﬂ%'zT(Lﬂ'i@A) 3.16 L¥iN U6l
Iwme%wﬁm@ﬁ']n'jﬁmmyuﬂsSuw%ﬁ(mmA)
3.85 1¥i1 mmqLWi’]:Lﬂwﬁ’ﬁﬁmmWﬁmww:ﬁu
wie Ll AssanaLaen Lm'smaﬂ%'uﬂ;uﬁmﬁw
TnunaBonanusanseyinlassiniaR sHnausINN
winINe Inafiauuy loT1 szdendaddunu
Mmm%am’%‘awamﬂUmﬂmfmuu IoT2 &1
wnzlisududasldaning mavhauazldwaritu
NAMRIRUA WAZUUY loT1 95Andunyuale
swgunelidaslfannuund jidwninfiases
J2UZIANINNGN 60 1% trnaTaLdudusIAe
mww:@umamﬂﬁu”ﬁmm@ﬁ’maaijﬂfaszyztaaw
g 1wdu 50 11w $1man 60 T
3,000 UIN/30U NIzBZIIAN 1 Dawnsondails

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

win'le 4 390 BIMNBANVINENITORAFILITI
Iganndis 12,000 vnAl Wathszuy loT sngaely
MInAaionin (mm%u 40%) 8NNTONAA L6
2492 filandu/A d1uszvzaain1IAunul
fdszunm 2 O

a A

6. naanIINUIzNE

HAdua a°uauqmﬂm:nﬁumﬁﬁ’ﬂﬁﬂgmﬂﬁ
anuiuraulunaydfsuyzanm Taslassmisih
Vlﬁ%’unuaﬁfuagumﬁﬁ' BaNUTHNaamnnIINYie
Wlne $189 wazunIIneaBeE oA
Umafinw 2563 awdy VeI UEARYUNTITY

NUULRY STO01/2564
v a
7. @Nd19I91929

https://iwww.pcd.go.th/publication/29509.
(Accessed on 3 September 2023)
https://iwww.sdgmove.com/2023/05/17/sdg-

(1]

(2]
insights-policy-pm2-5-agriculture/. (Accessed
on 1 September 2023)

[3] R.S.Jo, M. Lu, V. Raman and P.H.H. Then,
Design and implementation of loT- enabled
compost monitoring system, 9" IEEE
Symposium on Computer Applications and
Industrial Electronics (ISCAIE), Proceeding,
2019, 23-28.

[4] R. Bhoir, R. Thakur, P. Tambe, R. Borase and
S. Pawar, Design and implementation of smart
compost system using loT, IEEE International
Conference for Innovation in Technology

(INOCON), Proceeding, 2020, 1-5.

The Journal of Industrial Technology (2024) volume 20, issue 1

29

http://ojs.kmutnb.ac.th/index.php/joindtech



-

MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

UNAMNITY

(5]

(6]

[7]

(8]

E]

[10]

(1]

H.I.B.A. Mamari, N.A.A.A. Washahi,
M.H.K.A. Busaidi and F. Hajamohideen, Deep
neural network based composting processing
technology: A solution for municipality and
fertilizer companies, 6" IET International Smart
Cities Symposium, Proceeding, 2022, 1-9.
S.F. Mujiyanti, P.Y. Aisyah, A.F. Salsabilla,
T.R. Darmawan and A. Rohid, loT-based for
monitoring and control system of composter to
accelerate production time of liquid organic
fertilizer, The Journal of Engineering, 2022,
8(2), 49-55.
https://archives.mju.ac.th/intellectualhub/
?p=1469 (Accessed on 5 September 2023)
S. Tadsuan and P. Taerakul, Increasing yield
and reducing the cost of cultivation of
asparagus with the internet of things, The
Journal of Industrial Technology, 2022, 18(3),
69-88. (in Thai)

R.K. Rajput, Electrical machines in S.I. units,
Laxmi Publications Ltd., New Delhi, India,
2007.

https://netpie.io/tutorials (Accessed on 7
September 2023)

A. Minteer, Analytics for the internet of things

(loT), Packt Publishing Ltd., UK, 2017.

[12]

[13]

[14]

[19]

[16]

[17]

(18]

[19]

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

S.V. Mukherji, R. Sinha, S. Basak and

S.P. Kar, Smart agriculture using internet of
things and mgqtt protocol, International
Conference on Machine Learning, Big Data,
Cloud and Parallel Computing (Com-IT-Con),
Proceeding, 2019, 14-16.
https:/fiiot.riverplus.com/ieee-802-11/.
(Accessed on 20 December 2023)
https://kuojs.lib.ku.ac.th/index.phpltjsf/article/
view/4410/2078. (Accessed on 30 October
2023)

http://r08.1dd.go.th/KM%20-%206.htm
(Accessed on 2 September 2023)
http://oss101.ldd.go.th/
web_soils_for_youth/s_prop_nutri02.htm.
(Accessed on 9 September 2023)
https://www.tools.in.th/ph/suitable-soil-ph/.
(Accessed on 25 September 2023)
https://acrobat.adobe.com/link/
review?uri=urn%3Aaaid%3Ascds%3AUS%3A2
6f5db6d-5f74-3e82-b12e-bb38c73d0088.
(Accessed on 14 September 2023)

W. Thaymuang, J. Boonjan and

S. Singhabandhu, Nutrient in leaves, flesh and
peel of Monthong durian planting on Khlong
Chak series, Journal of Agricultural Science

and Management, 2022, 5(1), 82—90. (in Thai)

The Journal of Industrial Technology (2024) volume 20, issue 1

30

http://ojs.kmutnb.ac.th/index.php/joindtech


https://ieeexplore.ieee.org/author/37087042730
https://ieeexplore.ieee.org/author/37087039443
https://ieeexplore.ieee.org/author/37947562900
https://www.tools.in.th/ph/suitable-soil-ph/

-

MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

UNAMNITY

(20]

(21]

(22]

https://www.opsmoac.go.th/angthong-
local_wisdom-preview-412891791829.
(Accessed on 20 September 2023)
https://www.baanlaesuan.com/144528/garden-
farm/farming-101/plants_nutrients. (Accessed
on 20 September 2023)

S. Khetjoi, W. Thasa, S. Raisa-nguan and S.
Khatjoi, Impact of burning sugarcane leaves
polluted pm 2.5 Nai-Muang sub-district,
Wiangkao district, Khon kaen province, Journal
of Buddhist Education and Research, 2021,
7(1), 16-25. (in Thai)

(23]

[24]

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.002

https://shopee.co.th/product/5468522/
9734469687 ?gclid=CjwKCAjwgsqoBhBNEiwA
we5w0xJgGnror401ceY7C5z0ICOtp8URQOU
EHvQMMmNsRVxipCbkrzwohoCG6MQAvVD_B
WE. (Accessed on 26 September 2023)
http://cmuir.cmu.ac.th/bitstream/
6653943832/11424/7/econ30555pp_ch4.pdf.
(Accessed on 24 September 2023)

The Journal of Industrial Technology (2024) volume 20, issue 1

31

http://ojs.kmutnb.ac.th/index.php/joindtech



219813281 mimﬂtutaﬁqﬂﬂ’mnﬁu (The Journal of Industrial Technology)
ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.003

-

Optimal Power Allocation in NOMA System Based on Artificial

Intelligence Methods

Igor Jovanovic' and Kritsada Mamat *

' School of Electrical Engineering, University of Belgrade, Bulevar kralja Aleksandra 73, 11120, Belgrade, Serbia
Institute Mihajlo Pupin, University of Belgrade, Volgina 15, 11060, Belgrade, Serbia

2 Department of Electronic Engineering Technology, College of Industrial Technology, King Mongkut’s
University of Technology North Bangkok

" Corresponding author, E-mail: kritsada.m@cit.kmutnb.ac.th

Received: 13 June 2023; Revised: 29 November 2023; Accepted: 18 January 2024
Online Published: 18 April 2024

Abstract: This paper considers the Non-Orthogonal Multiple Access (NOMA) technique which is one of
the core technologies in 5G and beyond. To distinguish users in the power domain, Superposition
coding and Successive Interference Cancellation (SIC) are applied at the transmitter and receiver.
Power allocation is shown to be significant in affecting the system performance. This work proposes an
application of two Atrtificial Intelligence (Al) methods, Q-learning and Genetic Algorithm (GA), in order to
optimize the power allocation in the NOMA system. Namely, the maximization of the minimum bitrate of
the overall system as well as the transformation of the NOMA system into both Q-learning and GA
components are obtained by setting and solving the power allocation optimization problem. Numerical
results demonstrate that Artificial intelligence algorithms provide a higher minimum bitrate in comparison
with the existing theoretical power allocation methods. Besides bitrate, the complexity of both methods is
analyzed. It is concluded that Q-learning has an exponential, while GA has a linear complexity with the

increase of the total number of users.
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1. Introduction

Non-orthogonal multiple access (NOMA) is one
of the candidates considered to be a core
technology for future wireless communications.
Many works prove that NOMA outperforms

Orthogonal multiple access (OMA) in various
aspects; for example, supporting multiple users and
providing better spectral efficiency [1-4]. However, to
enable NOMA, users should be operating in the
same domain such as power or code. For power
domain-NOMA, users are allowed to share some
resources between

each other, code,

eg.,
frequency, and modulation scheme, but they must
stay separated in the power domain where
Superposition coding is applied at the transmitter
and receiver level. Received signal decoding is
achieved by applying a Successive Interference
Cancellation (SIC) method. Since users are
separated by power, power allocation among them
is of great importance. There are quite a huge
number of existing works trying to optimize the
power allocation in NOMA systems for various
channel models and objectives presented in [5-8]. In
[5], power allocation optimization problems were
formulated in the manner of minimizing the
transmission power and maximization of fairness
rate. Minimizing the transmission power was also
considered in [6] where power resource was
allocated for multi-cell, multi-carrier NOMA system.

In [7], power allocation algorithms for maximizing

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.003

the sum of achievable rates and energy efficiency
were proposed for milimeter wave (mm Wave)
NOMA system. Also, NOMA system was applied for
uplink with the Unmanned Aerial Vehicles (UAVs)
system where the power allocation scheme was
proposed to improve throughput and packet delay
[8]. In addition to be standalone, power allocation is
usually jointly optimized with other resources [9],
[10]. Concretely in [9], power and time allocations
were jointly optimized to minimize the system
outage  probability in  bidirectonal NOMA
communications. Furthermore, power allocation and
beamforming were considered to maximize the
system reliability in multiple-input multiple-output
(MIMO) NOMA channels [10].

Nowadays, Atrtificial intelligence (Al) is becoming
an almost indispensable tool in solving a huge
number of engineering problems, what necessitates
its enormous demand and development [11].
Basically, an Al agent is trying to find an optimal
environmental state through a trial-and-error
process, receiving the reward where such depends
on the objective value of the considered
environmental state [12]. Therefore, Al agent moves
through the n-dimensional state space, in general
case, looking for the state in which it receives the
highest possible reward. Al is also showing
popularity in the field of wireless communication,
particularly in solving optimization problems [13-15].

In [13], Al was applied to optimize uplink and
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downlink in decoupling system. Using Al to manage
interference in the power optimization problem was
considered in [14], where the objective was to
maximize the sum of achievable rates. In [15], Al
was applied to schedule transmission time slots in
order to maximize the number of packets.

This paper considers a downlink power-domain
NOMA system where a base station broadcasts
signals to users. In order to maximize the minimum
bitrate among users, the allocation of transmission
power of all users to be achieved by applying two
Al methods are proposed, Q-learning and Genetic
algorithm. The mentioned problem was partially
considered in [16], where only two users of NOMA
system were taken into consideration. It is noted
that Al was applied in resources allocation in NOMA
channel with the difference in considered objectives
[17], [18]. The equivalence between Al algorithms
and NOMA system is successfully established.
Precisely, the optimization problem in NOMA, which
refers to an allocation of transmitting powers, was
solved by Al algorithms whose components (e.g.,
population size and crossover probability in GA)
were chosen in accordance with the problem
formulation. Numerical results show that both Al
methods provide higher minimum bitrate than the
theoretical power allocation methods proposed in
[19]. In addition to the bitrate, algorithm complexities
are also considered. It can be concluded that the

complexity of Q-learning increases with the total

ISSN (online): 2697-5548
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number of users while that of GA is linearly
increasing.

This paper is organized as follows. Section 2
represents the introduction of a downlink NOMA
system with a review of existing power allocation
schemes. Power allocation problem formulation and
Al algorithms (Q-learning and GA) application are
presented in section 3. Performance comparison
including minimum bitrate and algorithm complexity
are shown in section 4. Finally, section 5 is devoted

to the conclusion.

2. System Model

In this study, a single-cell discrete time downlink
channel is considered. A single antenna is assigned
to a base station and users. Regarding the NOMA
advantages over the OMA system, the base forms
a cluster with K users and assigns them the
common bandwidth in frequency domain. This way,
the base station is able to transmit data to all users
sharing the same bandwidth by applying a

Superposition coding method. Therefore, the

transmitted signal is given by

X = ZIIS=1 V @i ProtSk

where (@, is the power allocation coefficient of user

(1)

k, Pso; is a total budget of transmitted power and

Sk is the symbol for user k. An additional

assumption is that the user coefficients of

transmitted power satisfy the following condition
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2’,§=1 ay < 1. The received signal for k-th user

is given by

Vi = Crhyx +ny )

where hy is a channel coefficient, 1, is Additive
White Gaussian Noise (AWGN) with zero mean and
variance 0,2 and ¢y, 0 < ¢ < 1, is normalized
degradation factor depending on the distance
between the base staton and the k —th user.
Afterwards, the Successive Interference Cancellation
method (SIC) is applied by each user separately on
the received signal, so that each of them decodes
their own signal. Therefore, the signal transmitted
from the base station is jointly decoded by all users
who are sharing the same bandwidth. The priority of
decoding is given to user with lower channel quality
and hence, the first decoded user must be fully
interfered by other users.  Each subsequent user
signal is obtained by subtracting the prior decoded
signals from the received signal. Hence, the current
received Signal-to-Interference plus Noise Ratio

(SINR) of user k is given by

2
apCilhil?

@)

2 .
2 2 vK on
ci|h il aj+——
icl e Zl—k+1 T Piot
Subsequently, the associated achievable rate can

be computed as follows

Ry =1log, (1 + yy)

and the sum rate of overall system is given by

Reym = Zgzl Ry .

()

®)
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By observing (3) it can be concluded that the
overall system performance mainly depends on the
set of allocated powers among users {a }k_;.
What gives an opportunity to improve the system
performance. According to reference [19], power
equalization of received signals is obtained by
applying a Channel inversion power allocation
scheme. This strategy allocates power inversely
with the channel In the

quality. this  way,

transmission power of k-th user is given by

1
ay = I%e T (6)
C]% |hk|2 Zi=102|hi|2
i

In addition with Channel inversion, the same paper
also proposes another method that can guarantee a
minimum rate of one users per each frequency
block. Furthermore, it is assumed the first decoded
user is marked as [. Power allocated to this user,
which also satisfies the desired SINR, is given by
yi(cpim+2)

tot
a; = .
L7 cAmlz(a+y)

7)

where V; represents desired SINR. The rest of
power budget, 1-— a;, will be uniformly allocated
among others in the same group. However, in order
to achieve a feasible power allocation, the desired
SINR must be bounded by the next constraint

Zh 20'121
Vi <crlhyl

Prot

(8)

Although the power allocation schemes in (6) and

(7) can maintain the performance of some users in
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the group, they do not cover the user with a
minimum rate. Hence, the Quality of Service (QoS)
of the overall system would be unreliable for both
mentioned theoretical methods. Consequently, the
goal of this paper is to maximize the minimum rate
user performance to guarantee QoS of overall

system.

3. Optimal Power Allocation with Q-learning
and Genetic Algorithm

The overarching objective of this paper is to
guarantee the overall system performance as
described in the previous section. Namely, the
individual information transmission quality for each
user is evaluated by distributing the total available
power among them. It turns out that (6) and (7)
provide a significant difference in the information
transmission quality between users. Accordingly, Q-
learning and Genetic algorithm have that task of
performing such a total power distribution among
users, so the maximum similarity of their
performance is ensured. This can be formalized

with the following expression

max min(y)
aq,dz, . AK

subject to 1,0y, .. ag =0 )

K
Z ag <1
k=1

where Y is defined by (3) and a4, @3,... , Qg
represent the parts of total power assigned to the

users. It is also noted that the problem formulated
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by (9) can be solved using the classical optimization
tools (e.g., Karush—-Kuhn—Tucker or KKT theorem) if
the channel distribution where the channel is
described as a random variable is known. On the
other side, if the channel distribution is unknown,
the optimization technique can be learned through
Artificial intelligence methods. Consequently, two
Artificial intelligence methods, Q-learming and
Genetic algorithm, are being applied in order to

optimize the power allocation in NOMA channel.

3.1. Q-learning algorithm

Q-learning belongs to a group of algorithms
called Reinforcement learning, which is a branch of
Machine learning where agents learn optimal
strategies through the method of unsuccessful
attempts [12]. Q-learning algorithm can be
formalized through 4 essential elements: state,
action, reward, and Q value. State represents one
of all problem solutions, regardless of whether that
solution is physically achievable or not and whether
it meets eventual limitations. Actions unambiguously
define the transition from current to the next state
and their number is arbitrary. Rewards represent the
state’s quality. It is usually measured as a distance
from the goal state. Finally, Q values represent
actions quality in the particular state, where number
of actions and Q values has to be the same.

In the context of the problem exposed in this

paper before, the relationship between NOMA
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system and Q-learning algorithm would be as

follows:

" Agent: The base station that allocates the
transmission power to each of the system users is

an agent of this scenario.

* State (S;) : A set of transmitting powers
{athot}ﬁ’:l is assumed to be the model state. In
order to define a discrete state, all user coefficients
@}, are quantized within the range [0,1] with step
A. Therefore, transmission power of each user is
defined as a part of Py, or overall Py, power.
However, the last user power must be equal to

P;o¢ minus sum of all other user powers.

* Action (a;): A set of transmitting power
coefficients {ak}ff:l, where subset of k €
(0,K) coefficients are taking values from the
range [0,1] with step A and @ esupser  Xk—1
A Okgsubset — Xk—1. is considered to be an
state action. In other words, increasing or
decreasing power of user k is considered to be an

action.

" Model constraints: All user powers must be
positive numbers and their sum must be equal to

total transmit power Pyo¢.

* Reward (7;) : The main purpose of the state
rewards is to incorporate the constraints introduced
in advance. This way, the states which are not

satisfying mentioned constraints are automatically

ISSN (online): 2697-5548
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receiving low rewards. Additionally, in order to
maximize the minimum system SINR, the reward
should be the total SINR difference among users.

Accordingly, the state reward is defined as follows

(e, a) =
2 K-1vK
_—K(K_1)2i=1 j=i+1|)/i - Vj| (11)
" Environment: In accordance with the
introduced Q-learning components, an

environment of this system is described through

Algorithm 1.

Algorithm 1: Environment: Env(-)

1. Initialize current state S
. Input action a; = {ak}ll\f:l
. Go to the next state Stpq = {@Prot treyq

. Find reward 7 (S¢, @) using (11)

2

3

4

5.IF 1:(S¢, ag) is maximum THEN
6. terminal = T (true)

7. ELSE

8. terminal = F (false)

9. END IF

10. RETURN Sy, 1, ¢ (S, a¢) and

terminal

Algorithm 1 also represents one interaction
between the agent and environment. This algorithm
implies reaching the next state by executing an
action in the current state. Therefore, the goal is to
find an optimal action for each state that leads

agent towards the maximum reward state. In order
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to satisfy this assumption, a Q value lookup table
has to be created. Each slot in the table represents
state and action pair Q value. “Learning” part of Q-
learning algorithm refers to updating the Q values
(Q(St, at)) by using a Bellman equation with the
temporal difference [12], which is given by
Q™Y (s¢, a) « Qo (5, ap) +
Blresva) +umaxQ(ses, @) - Q°(sy a)]
(12)
where ﬁ is a learning rate and [ is a discount
factor. Finally, the entire Q-leaming algorithm can

be summarized by Algorithm 2.

Algorithm 2: Q-learning algorithm

1. Define number of episodes N, Ny, B, L
and €
2. FOR episode 1: N po
3. Initialize starting state S; ,
terminal = F and
counter 0

4. WHILE terminal = F DO
5. counter = counter + 1
6. IFrand(-) < €THEN
7. Randomly select one action a;
8. ELSE
9. Select the action

a; = arg max,Q(se, a)
10. END IF
11. St+1, 1t (S, ap), terminal

= Env(a)

12. Use (12) to update Q-table
13. IF counter = Nyj;,, THEN
14. BREAK
15. END IF
16. END WHILE
17.END FOR

ISSN (online): 2697-5548
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Where € € (0,1) and rand(-) is a random
variable uniformly taking the value between 0 and 1.
Based on Algorithm 2, agent can either randomly
choose an action or specify the action which
maximizes the reward. This is directly related with
the biological learning process which includes
exploration and exploitation. Furthermore, once the
execution of the Algorithm 2 is finished, the agent
or the base station will know the most appropriate
action for each state. On the other side, by
considering Algorithm 1 and Algorithm 2. the
conclusion can be drawn that the optimal power
allocation based on the Q-learing algorithm
performs a (K — 1) dimensional space searching.
Accordingly, this method complexity depends on the
number of state-action pairs what is a function of

total number of users

comp_Ql = O0((K —1)?) (13)

Equation (13) implies that the Q-learning

complexity increases exponentially with the
number of users in the system. This could be a
serious problem when the base station needs to
allocate power to many users at the same time.
Basically, the complexity may refer to
computation time or memory storage. Therefore,
other Artificial intelligence methods which require
less complexity than Q-learning algorithm are

preferred.
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3.2. Genetic Algorithm

Genetic Algorithm (GA) is an optimization
method for both constrained and unconstrained
problems. The concept of this algorithm is based on
natural selection. Algorithm starts by generating a
random population of | individuals (chromosomes),
where each of them will be coded with M bits.
Afterwards, a new generation is formed by passing
all |/ chromosomes through 4 essential GA
components: Evaluation, Selection, Crossover and
Mutation. Furthermore, the previous generation will
be replaced with the next one and the overall
process will be repeated until the stopping criterion
is met [21].

Defining the first generation is one of the
beginning steps of GA application in the power
allocation domain. Namely, the set of ] random
chosen values from the range [0, P, ] represents
initial population after coding. Each of | value is
firsty rounded to the nearest of (2 — 1)
quantization levels. Then each of them is binary
coded with M bits. Therefore, the population of ith

generation can be represented by P (i) matrix.

p1,1[M](i) pl,K—l.[M](i)

P(i) - (14)

P [M] ® p],K—l.[M] ®

Where each row of P(i) matrix is a (K — 1)
dimensional vector of power allocation coefficients
{a 3821 and ax =1 — YK ay. Then, all

population members SINR (}/k) per user is
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calculated using equation (3). This part directly
leads to individuals evaluation or determining the
finess function value f(chr;(j)) which is
constructed in accordance with the optimization

problem in (9).
f(ChT‘i(j)) = e(_zg(’:_ozzé(:_tiﬂhﬂ/sl) (15)

where [ and j represent the [ —th generation
and the j —th individual, respectively. After each
chromosome evaluation, the fitness function

values are stored into the vector f defined by
f=1H® £ D]

The selection process is envisaged to be

(16)

applied two times. Direct individuals transfer from
the previous to the next generation, which refers to
Generation gap [21], is the first application. The
second time is during the crossover process while
selecting the parental individuals. Basically,
selection can be implemented through the several
methods. However, Elitism and the “Roulette wheel”
[22] are applied as the most frequent used selection
methods. By Elitism, one individual with the highest
criterion function value is directly transferred to the
next generation, while “Roulette wheel” randomly
chooses the rest of necessary number of individuals
based on their fitness function values. Afterwards,
the single-point crossover is applied on two parents
selected by a “Roulette wheel” method, with the
crossover probability of p.. Therefore, if crossover

occurs, two inheritances are formed by appending
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the first ™M representative bits of one parent and the Algorithm 3: Genetic Algorithm

rest M — m bits of the other one and vice versa, ) . . . .
1. Define population size J, representative bits

otherwise parents are becoming the new generation Number M, generations number N,

members by themselves. The last step is mutation, crossover probability P, mutation

performed by randomly choosing and inverting probability p,, and generation gap G

defined number of representative bits of randomly 2. Initialize first generation P(O)

chosen chromosomes from P(i+ 1). The terminal = F, and counter = 0

mutation process is extremely important because it 3 WHILE terminal = F DO

rovides a genetic diversity, but this is also in
P 9 ty 4. counter = counter + 1

correlation with the number of mutation bits. In other . .
5. Use (15) to calculate fitness function

words, large number of mutation bits leads to
values

algorithm  degradation. Finally, P(i) matrix is

] 6. Store fitness function values in vector f
updated with P(i + 1) and the process will be

from (16)

repeated until the individuals converge towards the
P 9 7. Use Elitism and “Roulette wheel” to

optimal solution or maximum generation number is . .
perform Selection process of individuals

achieved. The entre GA can be summarized ]
number defined by G
through Algorithm 3. ) .
8. Perform Crossover with p. probability to

The complexity of this method mainly L )
produce the rest of individuals in

depends on the population size J, generation .
population

number Ng, and the number of representative ) ) N
9. Perform mutation with p,,, probability
10. Update P(i) < P(i +1)
Comp_GA — O(Ng](ZM + 1)) (17) 11. IF f converges OR counter = Ng
THEN

bits M. Therefore, the complexity is given by

Where Ny and M are constant values, while | 12. terminal = T
depends linearly on the number of users K. 13. ENDIF
Accordingly, GA complexity increases linearly 14. ENDWHILE

with the number of users in NOMA system.
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4. Numerical Results

To investigate the performance of all power
allocation methods considered in this work, the
Python is used to

programming language

implement simulations. Performances of all
schemes are averaged over 1000 channel and
noise realizations. Furthermore, the total number
of users was set to be 2 and 3. Although that
number could be greater than 3, it has been
shown in [2] that there is a tradeoff between
system performance and the number of users
sharing frequency in NOMA group. The common
parameters for each figure in continuation are
A=0.01,¢c4 =1,¢c; = 0.6,c3 = 0.4and
noise variance ;2 = 0.1.

In Fig. 1, the sum of all user bitrates is
demonstrated by using all power allocation
schemes versus total transmission power Py in
a 2-user NOMA system. As expected, the sum of
transmission

the QoS

bitrates increases with the total
power for each method. However,
method clearly provides the highest performance
while Channel inversion method referred as CSI
provides the lowest. Performance of both Al
methods (Q-learning and GA) are comparable,
and their values are in between the QoS and CSI
performance values. Therefore, Al methods do
not provide the highest sum of bitrates.

In Fig. 2, the objective is changed to the

minimum bitrate of the system. Consequently, GA

ISSN (online): 2697-5548
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mean(sum(R1,R2)) depends on total power (Ptotal)

—= GA -
Q-learning o i
o
54 =4 QoS e
-e- CsI g
4 =
} S
P
./.

mean(sum(R1,R2)) [Bit/sec/Hz]

T T

T T T
10.0 125 15.0 17.5 20.0

Ptotal
Fig. 1 Average sum of user bitrates for all power
allocation methods in a 2-user NOMA system

with total transmit power Pyt

mean(min(R1,R2)) depends on total power (Ptotal)

2.25 1 == GA

Q-learning

mean(min(R1,R2)) [Bit/sec/Hz]

Fig. 2 Average minimum of user bitrates for all
power allocation methods in a 2-user NOMA

system with total transmit power Pyo¢

achieves the highest minimum bitrate while Q-

learning is the second best. This approach
improves the system quality of service in the way
that the minimum performance user is maximized

while others maintain optimal (maximum) values.
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In Fig. 3 and Fig. 4, the results are extended
when 3 users are considered. Similar to a 2-user
system, the same trend is provided by all power
allocation methods. However, Q-learning is not
taken into consideration due to its exponential time
complexity, however; the same performance trend
as the 2-user system is expected.

Fig. 5 shows individual user bitrates obtained by
GA and CSI methods in a 3-user NOMA system.
This figure emphasizes the advantages of Artificial
intelligence methods over the theoretically based
methods. Namely, bitrates computed by GA are
almost the same, what was the initial goal. On the
other side, that is not the case for the CSI method,
where the bitrate of one user is extremely high while
of the other one is extremely low. Mentioned fact is
of great importance while maintaining the overall
quality of the system.

Fig. 6 represents the complexities of Artificial
intelligence algorithms with the total number of K
users in NOMA system. As expected, the
complexities of both methods increase with the
number of system users. However, Q-learning
provides less complexity than GA when the number
of users is less than or equal to 3. Moreover, as the
number of users grows Q-learmning is becoming
more complex what explains its exponential
complexity nature, while GA maintains its complexity

in the linear domain as described in Section 3.
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Fig. 3 Average sum of user bitrates for GA, QoS
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5. Conclusions

The allocation of transmission powers among
users in the downlink NOMA system has been
considered. Consequently, the power optimization
problem is formulated to maximize the minimum
bitrate of overall system. Apart from the theoretical
methods, Q-learning and Genetic algorithm are
applied in order to solve the appointed problem.
Firstly, the transformation steps from NOMA system
to GA and Q-learning components are described.
Simulation results demonstrate that the Artificial
methods the existing

intelligence outperform

theoretically based power allocation methods.
Furthermore, the algorithm complexities are also
considered, and it tuns out that GA has less
complexity in comparison with Q-learning algorithm
with the increase in total number of users.
Therefore, it can be concluded that GA is more
suitable over Q-learning in optimal power allocation
application since it provides less complexity and
better performance.

In this work, a simple model is considered since
NOMA system is assumed to be a single-cell and
single-antenna. Therefore, power allocation is the
only parameter to be optimized. Thus, the future
work should consider more complex systems as
well as Al algorithms improvement in order to

achieve better performance.
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Abstract: This research focused on studying the physical properties, mechanical properties, and
microstructure of concrete interlocking blocks that use bamboo ash as a partial replacement of cement. In the
10, 20, and 30 percentages by weight of cement, dimensions of shape, density, water absorption, and
microstructure were tested. High-magnification imaged by scanning electron microscope technique elemental
analysis with energy-dispersed X-ray spectrometry and compounds by X-ray diffraction analysis technique.
In addition to that, there was a comparative test of concrete blocks interlocking paving using water curing
and air curing methods. According to the test results, the dimensional dimension test was following
ASTM C936/C936M standards, the density of concrete interlocking blocks for paving is in the range of
2,111-2,209 kilograms per cubic meter. Water absorption tended to increase significantly with an increase in
bamboo ash content. Mixing 10% bamboo ash by weight provided the best compressive strength, curing
water at 60 days of age, and the microstructure found calcium silicate hydrate and ettringite. Therefore,

bamboo ash can replace cement mixtures for some specific applications.

Keywords: Interlocking concrete paving block; Bamboo ash; Water absorption; Microstructure
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Abstract: This research has led to the problem of Dragon Green Energy Co., Ltd., a factory that
produces tapioca starch with a production capacity is about 25-50 tons per day. The company has
encountered problems in total production planning and scheduling maintenance. The research,
therefore, developed a mathematical schedule modeling method to solve problems and the development
of integrated applications using scheduling rules, Heuristics Genetics Algorithms (GA), and Local Search
(L) becoming Integrated Methods (GA+L). The research found that the total production planning in 2022
was close to the actual production measured from (GAP) which was equal to 2.3 tons, with a margin of
error of 0.307 percent. The researchers obtained the value of the company's maintenance scheduling
with problems of various sizes, which the program can schedule maintenance using the scheduling rules
Heuristic method (GA) and combination method. In scheduling results, the lowest makespan value was
measured by the good comparison gap (Gap) together with the comparison of the percentage of time
when the machine crashed before and after the research. It was found that the mean value between
machine failures (MTBF) increased by 25.332% and the average machine downtime was reduced after

the research, accounting for 43.928 percent. This research was therefore by the objectives.

Keywords: Tapioca Starch Production; Total Production Planning; Scheduling Maintenance; Gap
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1. Introduction

Currently, industrial business organizations and
industries have high competition to survive in
business operations. The organization has adapted
in various aspects to be able to compete in the
commercial market. Every organization, therefore,
focuses on managing the organization's resources
to operate in the 4M aspect for improving
efficiency [1-3].

In the production process to transform raw
materials into finished products must use a machine
with high efficiency [4-5]. Due to being a source of
carbohydrates and having important properties in
food and other related products, Tropica starch
manufacturing is one of the important industries [6].

Dragon Green Energy Co., Ltd. has purchased
more than 20 million baht per year for tapioca raw
materials, both in and outside the area of Uttaradit
Province, namely Sukhothai and Phrae Province.
There is a 6-month production season from
December to May. The production capacity is about
25-50 tons per day, using a large number of
machines in

step of production

by

continuously working more than 1,600 horsepower,

every

using working capital in the business of more than
350 million baht per season. It is raw material cost,
labor cost, machine maintenance, fuel utility bills,
and other production overheads. From the study of
in

information the production process of the

business, it does not have a clear overall production

ISSN (online): 2697-5548
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plan for each month and season. However, the
information of past productions has used the
expertise and the experience of employees in
planning production for each season. In addition,
each time production can be produced, tapioca
roots must be purchased from farmers through
nodes of purchasing yards located in various areas
both in and outside Uttaradit Province and
transported to the company to produce tapioca
starch. Meanwhile, the production is seasonal, and
machines used in production must have the least
damage. Hence, scheduling maintenance is
important to the company both during production
and a maintenance period of 6 months, the
machine must be serviced to be ready for
production during the following season. Accordingly,
the problems of Dragon Green Energy Co., Ltd.,
can be seen in that the production season is only 6
months, but the overview planning both is in the
production and machine maintenance, including all
waste costs. This research will bring the problem to
aggregate planning and maintenance schedules in
2022. It is to find the makespan of the jobs with the
least downtime and to compare with pre-research

production in 2021, as follows:

1.1 Aggregate Planning

Aggregate production planning is planning that
deals with quantities in industrial production
processes [7]. This total production plan will consist

of a production output plan based on production
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capacity, The production plans consist of raw
materials used in production, labor requirement,
utilization, [8, 9]

production cost determining

machinery used, and technology.

1.2 Preventive Maintenance: PM
There is routine maintenance or duration of use
by planning to keep the machines used in

production under good conditions and with
maximum efficiency. It should be planned regularly
in advance, including stopping working immediately
(Downtime), and reducing the time of the damaged
production machinery. This maintenance also slows
down the deterioration, wear, and tear of machinery
and production pieces of equipment [10, 11]. The
goal of preventative maintenance is to reduce
emergency repair time and unscheduled repair work

and add more tasks and plans. [12, 13]

1.3 Heuristics Algorithms

Algorithmic heuristic methods are about finding
answers or considering appropriate values to solve
complex problems or NP-Hard level well [14, 15].
The method has been widely used in research and
has been developed and improved to be more
efficient in finding suitable values continuously,
which will reduce the time required to find the
correct answer. The methods are the Ant Colony
algorithm, Bee Analytical Algorithm, Steel melting
simulation algorithm, Local search algorithm, Taboo
search algorithm, genetic algorithms, etc. Finding

the answer or solution obtained using heuristic

ISSN (online): 2697-5548
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algorithms may not be the best solution. But it is a
time guideline to find the best answer or solution

under good time constraints. [15]

1.4 Scheduling Problems

Scheduling problems are an important and
common problem in the manufacturing industry
[12, 16]. This is because industrial plants require the
most efficient production plan to operate in
compliance with regulations, and many limitations in
production such as time, machinery, human
resources, etc. Therefore, scheduling by selecting a
sort order by the task to come into production or
maintenance before or after properly [17]. Jobs or
products are completed according to customer
delivery dates which are indeed something that
each establishment expects a lot [13, 18, 19].
Because the process of producing tapioca starch in
each season was for 6 months, the most important
problem of the business which incurring production
costs without output, including labor costs, urgent
repair  costs etc. Machine

energy  costs,

maintenance is an issue in the research as well.

2. Experimental Procedure
21 A Survey of the process problems of the
study company

The data about production in the company in
2021 have been studied. The process of tapioca
starch is continuous. However, it is a seasonal
For the

production for 6 months each vyear.

remaining 6 months, machines were shut down for
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maintenance. The data collected from this company
has been expressed as follows.

1. The production uses tapioca which is
available in Uttaradit province, and outside the area
of Uttaradit Province, namely Phrae Province, and
Sukhothai Province. The use of tapioca roots is
more than 110,000 tons/year.

2. The total production planning for the 2021
season relied on the expertise and experience of
staff members. Despite the absence of production
cost calculations, comprehensive planning was

executed, incorporating data collected from
December 2020 to May 2021, with total production
costs amounting to 45 million baht.

3. The use of machinery for the production of
tapioca starch uses automatic production
technology and machines controlled by workers.
The pre-research study did not provide a
maintenance plan. It uses a method to improve after
a crash occurs. While producing and repairing using
the expertise of the staff in scheduling, there are
2 types of costs incurred, namely the cost from
machine failure during production by replacing spare
parts that caused problems during production, and
lastly seasonal maintenance work, maintenance
costs incurred in 2021 equal to 2,790,000 baht/year.

4. Working capital was spent on the cost of
tapioca raw materials, direct labor, electricity,
maintenance, water in the production process, fuel

oil, chemicals, and fuel 50,750,000 baht in 2021.

ISSN (online): 2697-5548
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2.2 Mathematical Schedule Modeling for the

Development of Integrated Production Planning
The aggregate planning in this research had

indices, parameters, and Decision Variables as

follows:

Indices

i = Index of tapioca-starch-production upstream

J = Index of tapioca-starch-production downstream

Parameters

m = Number of tapioca-starch-production upstream

n = Number of tapioca-starch-production downstream
Rm;= Raw material costs from i to

M, = Maintenance cost of i to |

Cc; = Chemical cost of i to j

Wec; = Cost of water production of i to j

Lc; = Labor cost of i to j

Ec,

;= Electricity cost of i to ]

Fo; = Fuel oil cost of i to ]

Df; = Direct fuel cost of i to j

S, = Source Capacity of the upstream node
D, = Demand of a downstream node

C;; = Costs of tapioca-starch production from i to j

Decision Variables

X; = Number of finished goods from i to |

A linear equation of an objective function is

shown in Equations 1-5 below:

m n C.X
,':12]:1 Y]

Min (M
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Subject to

2%
=

<S8 (i=123..m)
Ui

if

)

m
~ X; 2D, (j=123..n) (3)
=1 I J

c :Z;xv [lel +M, +Cc, +We, +Lc, +Ec, + Fo, +Dljl:|
(j=12,3...n) (4)
X, 20 (i=123.m), (j=123.n) (5)

Equation 1 is an objective function; tapioca-
starch production cost of Dragon Green Energy Co.,
Ltd., which is minimized.

Equation 2 is a conditional equation of total
tapioca X; that is less than or equal to the
production capacity of the factory at S;

Equation 3 is a conditional equation of total
tapioca X; that is more than or equal to the demand
of customers or production administrators of the
tapioca-starch factory D,

Equation 4 is an equation of the sum of C; that
is a cost straight to the production costs.

Equation 5 is a conditional equation to answer
X; which is higher than or equal to 0.

The equations to assess Dragon Green Energy
Co., Ltd.'s total production planning value gauge
efficiency by comparing the production process in
2021 with the pre-research data from 2022's total

production planning.

2.3 Development of maintenance planning.
It was found from searching for processes

before the research that maintenance information

ISSN (online): 2697-5548
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had a high cost. Preventive maintenance can be
used to monitor the condition of the condition of
machinery and equipment within the factory. It was
used to inspect, maintain, or change the equipment
at a specified time [14-15] by specifying repair work
for each season in conjunction with the scheduling
maintenance. It was by dividing maintenance units
according to the expertise of employees into
workstations. Mean Time Between Failure (MTBF)
is measured as shown in Equations 6 and 7 as

follows.

The average number of machine damage

(6)

The mean time between machine failures
where n = number of machine breakdowns during
production in month i and N = total number of

machine breakdowns

;
MTBF = —
navg

(7)

where T the time period when machine

damage was found.

Mean Time Between Failures (MTBF) of Dragon
Green Energy Co., Ltd. with the number of failures
encountered during T/total mean time of failure of the
Company's machinery, and the relationship between
MTTF and MTTR, where MTTF is Mean Time to
Failure and MTTR is Mean Time to Repair [15].
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Efficiency measurement from the percentage
of time that the machine crashes, Average
Machine Down Time (AMD) is shown in Equation

8 as follows.

%Machime Downtime

AMD x100

®)

Operation Time

Indices and parameters, decision variables in
maintenance scheduling of Dragon Green Energy

Co., Ltd., shown in inequality 9 to 18 as follows:

Indices
i = Required maintenance work time from the
maintenance plan
J = Machines required for being maintained from the
maintenance plan
k and | = represent machines where work is

assigned

Parameters

m = Number of maintenance machines

n = Number of tasks

M;= Working time i

C, = Completion time

C,...= Time to complete all batches

x; = Assigning workstation j to work i

Y; = Assigning workstation j to work i will have a
value of 1 and 0.

Zyy = Binary assignment, such that job i is done
by machine k and job j is done by machine |, is

equal to 1.

ISSN (online): 2697-5548
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Decision Variables

Minimize C
max

Subject to

C_.=C where 1<i<n )
C,—M,20where  1<i<n (10)
D7 X, <1 where 1<i<n (11)

z

w SX, where 15i,j<n1<kl<m(12)

4

ijki

<X, where 1=5i,j<nA<k/<m (13)

X, +X,—1=Z
i Jl

ikl

where 150, j <n1<k,I<m  (14)
C,—(C,—M)+YMT 20

where 1<i,j<n (15)
q—@—Myﬂ—mméo

where 1<i,j<n (16)
Y +Y 2Z
if Ji ijkl
where 1<50,j<n,i Zj1<k<m (17)
Y +Y 2Z
if Ji ijkl

where 1<i(j<n, 1<Kk<m  (18)

Inequality 9 is the completion time of all
assigned maintenance batches C.,, which is
greater than or equal to the time spent on each
task C,.

Inequalities 10 is the start time for C, - M,
maintenance work which is greater than or equal
to 0, indicating that any work cannot be started

before time 0.
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Inequality 11 states that only one job will be
performed by one maintenance unit.

Inequalites 12 and 13 are the maintenance
assignment i assigned to the maintenance unit k
and the job j assigned to the maintenance unit | will
be either 0 or 1, less than or equal to x;.

Inequality 14 is used to help determine and
value = 0.

Inequality 15, 16 defines the meaning of the
values Y; or explains the relationship between Y;
with C, C, and M, Here both inequalities are
considered simultaneously in maintenance work.

Inequalities 17 and 18 are inequalities, so Zy,
can be either 0 or 1. This means that in this case,

task i finishes before task j starts, so both tasks can

be performed by maintenance unit k.

2.4 Genetic algorithm heuristic methods

This research employs the Genetic Algorithm
method to address maintenance [20-22] scheduling
issues and can extend its application to formulate
production plans. The outlined method involves the
following sequential steps.

241 Encoding and creating a random initial
population from the problem is encoding it in the
form of a bit-length string based on the size of the
job, Binary Coding. [23]

242 Old Population is a string that will be
selected as a model for creating a new population.

The first set of Old Populations is the initial random

ISSN (online): 2697-5548
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population of the problem, scheduling maintenance
with 2 or more maintenance units.

24.3 The operation of the Genetic Algorithm
consists of three operations: reproduction,
crossover, and mutation as shown in Fig. 1.

In this research, Cycle crossover (CX) and
Inversion mutation were chosen because they are
used to find the ideal solution in terms of conditional

randomness to obtain the appropriate Offspring 1-3

[23, 24].
Random Population encoding

Y

Operation :

Old Population

1. Reproduction
2. Operation crossover

3. Operation mutation

Increase the number of generations

New Population

Increase the number of generations

< the maximum generations

Fig. 1 The steps of the Genetic Algorithm
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1) Reproduction is a process in which each
string imitates the value of the target function f(x),
which measures its fithess. When the string with
higher fithess can be possible to be the high next
generation. The method used is to create a
roulette wheel.

2) Crossover is a process after the entire
population has been processed, and reproduction
will be matching members in the mating pool or
the whole population at random, and then cross-
swap values at random positions or trade parts
Cycle crossover was used in this research; CX is
shown in Fig. 2.

3) Mutation is a necessary step even with
and Because the

reproduction crossover.

mutation prevents irrecoverable damage; and

recovery loss. The research using inversion
mutation is shown in Fig. 3.
2.4.4 New Population or Generation, all

strings derived from the Genetic Algorithm, which
will become the older population for further
action, and will repeat until the generation is
equal to

the design value. The previous

population with poor answer values will be
eliminated and keep the good chromosomes from
the operation process, both crossover and
mutation. The next generation as an expanded
model is called Generational Enlargement and it
is

will stop when the specified generation

complete [20-24].
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Parent 1 ‘X1|X2|X3‘X4‘X5|X6|X7|X8‘

Offspring 1 [Y8|X2|Y6‘Y5|X5|Y3|X7|X8|

Offspring 2 ‘X1|Y7‘X3‘X4|Y4|X6|X7|Y1‘

] ] T

|Y8|Y7|Y6|Y5|Y4|Y3|Y2|Y1‘

Parent 2

Fig. 2 Cycle crossover (CX)

* *

Parent 3 ‘21‘ZZ‘Z3|Z4|ZS‘ZG‘Z7‘ZB’

Offspring 3 ’21‘ZZ‘ZG|ZSIZ4|Z3|Z7|ZS’

Fig. 3 Inversion mutation

2.5Local Search Integration Method

The local search integration method is an
effective heuristic approach [20, 21, 26, 27] that can
be put into the genetic algorithms process in the
reproduction section with low probability string
commutation. It is from the probable chromosome
as measured by the makespan. J. Zheng, et al. [20]
and O. Tayfun, & T. Aysegul [21] with their research
of the Traveling Salesman Problem: TSP and
Vehicle Routing Problems: VRP that used local
search methods combined (hybrid) with GA after the
Operation process by selecting 1 set of good
chromosomes to randomly place in the Allele. It is in
the chromosome and then swapped, and it results
in a new filtered answer value and a good new local

optimum from this process.
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2.6 Development of integrated production
planning program and maintenance

The research led to the overall production plan
structure, and the maintenance plan; a preventive
maintenance (PM), which enables to be divided into
2 main activities in the same program development.
This is divided into data acquisiton windows by
numerical input method and developed a genetic
algorithm for scheduling maintenance, which has
problems with maintenance work such as problems
6x2, 7x3, 12x3, 15x3, and 20x4, etc. (which 6 is the
number of maintenances works of 6 works and
2 are the agencies used in the maintenance of
2 agencies). The researcher has developed a
program using the C++ language for development
because the finished program cannot process (Run)
large problems. The program development has a
machine data storage structure, indication of

maintenance time, specifying the replacement,
interval scheduling maintenance, and analysis of
maintenance performance. The numerical figures of
both activities are shown in Fig. 4.

It works together with the factorial experimental
design 42 to test the appropriate parameters of the
factors in the work of the genetic algorithm method.
It will divide the factor level (Factorial effect) into
2 levels: low (0) and high (1) and have 4 treatment
combinations: Population size (50/100), Crossover
(0.5/1.0), (0.15/0.3),

(50/100) [23, 24]. There are

rate Mutation rate and

Max generations

ISSN (online): 2697-5548
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16 experiments and 10 rounds of tests with a 20x4
large problem. It was found that the appropriate
parameters of the Population size factor were 100,
the Crossover rate was 1.0, the Mutation rate was
0.3, and Max generations of 100. The local search
method combined with GA will also work based on
Max generations of 100.

Fig. 4 shows the program design plan for the
production and maintenance of Dragon Green
Energy Co., Ltd. when the program development
was complete. The software testing was divided into
2 steps: (1) Testing the correctness of the program
as follows: A unit test is a functional test of the
system in each sub-section to ensure that each part
works correctly. An integration test is to bring each
unit's data together and test the connection between
the units whether it can work properly, and an end-
to-end test is to test the system as a whole.
By bringing each part of the system to assemble

completely and testing the system with users
I!
File  AnalyzeData

Fuvm |ws‘4n*:.uﬁm Solver Analyze

HEX

NN Ly

o
0.16

duyuatihsesne
duvuanaiiinet

0.128

Y ¥ o
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Fig. 4 Program design, production planning, and

maintenance of Dragon Green Energy Co., Ltd.

The Journal of Industrial Technology (2024) volume 20, issue 1

70

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

-

UNAMNITY

(2) A Stress test is a test of the efficiency of the
system to test whether the system can receive a
total amount of production planning information,
and enough scheduling data for use. A usability
test is a test of the system's usability to improve
research and pass on all parts of the developed

program.

2.7 Data of total production planning of Dragon
Green Energy Co., Ltd.

The data collected from the company consists of
purchasing of cassava raw materials, quantity
produced per month, labor costs, and cost of
maintenance each month. The data collected was
started from December 2020 to May 2021 to use
the data for post-research comparison, then
planned the production by collecting data from
December 2021 to May 2022 for a period of
6 months (seasonal cycle 2022). The researcher
displayed an example of recording data that
occurred in February 2022 for production planning
in Table 1.

Table 1 shows that the cost of cassava
production was divided into 2 periods per day,
namely the production period in time, and part-time
production. The cost of production at the time was
4.757 baht per kilogram.

For part-time production, the cost of
production was added to the cost of overtime
labor. There was an increase in production costs

of 0.5 baht per kilogram. The cost of production

ISSN (online): 2697-5548
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was 5.257 baht per kilogram. Then the production
cost data in February 2022 was used to plan the
production by research method. The production
plan is shown in Table 2.

Table 2 shows the production planning value
including the lowest cost of February 2022 could be
seen each week. There were different costs
incurred in production on time, and outside of the
same time. Costs incurred were not equal, for
example, production in week 1 had a cost of 4.790,
and production over time had a cost of 5.290. Then
the research would be analyzed from Equations 1-5
to determine the decision variable. X; had a total
cost of 492,009 baht and showed the result of

finding the answer in Table 3.

Table 1 An example of collecting data on

production costs per kilogram in February 2022

Items Cost Unit  Cost Unit
(in time)  (part-time)
(8) (8)
Raw material cost 2.25 2.25
Maintenance cost 0.315 0.315
Chemical cost 0.045 0.045
Water-production cost 0.033 0.033
Labor costs 0.385 0.599
Electricity cost 0.683 0.712
Fuel oil cost 0.953 1.21
Factory freight 0.126 0.126
Total cost/Kilogram 4.790 5.290
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Table 2 The lowest costs of February 2022

Week1 Week2 Week3 Week4 Capacity
Cost Unit  Cost Unit Cost Unit Cost Unit (Tons)
Produced in time 1 4.790 4.778 4.785 4.784 24
Produce part-time 1 5.290 5.278 5.285 5.284 25
Produced in time 2 4.757 4.758 4.763 4.784 25
Produce part-time 2 5.257 5.259 5.263 5.284 25
Demand (Tons) 25 21 28 24

NOTE: Produced in Time 1 is a production from 8:00 pm-7:00 pm on the 1%'and Produce Part-Time 1,
which is production from 7:00 pm -05.00 hrs. on the 1% day.

Table 3 An example of production planning including the minimum cost of research method for February 2022

Week1 Week2 Week3 Week4 Capacity (Tons)
Produced in time 1 0 21 0 3 24
Produce part-time 1 0 0 3 21 24
Produced in time 2 0 0 25 0 25
Produce part-time 2 25 0 0 0 25
Demand 25 21 28 24 total cost
(Tons) 492,009 B
Table 3 shows the total production value which Production of Dragon Green Energy Co., Ltd.

was planned to be produced in the first to fourth directly, whether they were a replacement of parts,
weeks of 25, 21, 28, and 24 tons as needed, [27] planned maintenance [22], and the replacement
respectively. It caused the lowest cost equal to of parts according to the service life. There would
492,009 baht in February 2022 by multiplying the be labor costs incurred from maintenance both
total production by the cost. during the production season and during the off-

2.8 Schedule maintenance of Dragon Green season.

The maintenance plan in this factory had a clear
Energy Co., Ltd.

. repair plan. The period was timed 5 times and

After the end of the 6-month production season
averaged. In the repair, there would be the repair

from December 2021 to May 2022, there was a 6-
. ) workstation of the staff in the maintenance

month maintenance period from June 2022 to
o ) department. The production department of

November 2022, which is part of the maintenance.
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employees who controlled machines and the
management who systematically inspected the
delivery of work each month as an example,
Table 4.

Table 4 shows that there was planned
maintenance work utilizing Preventive Maintenance
(PM) [10, 11, 19, 22, 27].

Arranging workstations for maintenance and

production staff. It was divided into 3 workstations

Table 4 Week 1 Maintenance Sample for June 2022

ISSN (online): 2697-5548
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that would result in 7x3 work problems and used to
find the makespan value; sequencing maintenance
n jobs on m parallel.

The units of the company were with 7
maintenance jobs and 3 maintenance units. The
maintenance was parallel which could perform
maintenance for all units as the same. The longest-
time maintenance scheduling rule method was

determined initiatively as shown in Table 5.

Machines

c
-g "% E 'g = "g s g
§ 5 5z 8% °f
o 3 aJ 0 £ =
1. Shredder 330 10.50 15.85 7.00 363.35
2. Peeler Centrifuge 1 270 9.51 35.54 10.45 325.50
3. Peeler Centrifuge 2 274 9.32 37.44 11.45 332.31
4. Peeler Centrifuge 3 281 10.21 38.53 11.61 341.35
5. Peeler Centrifuge 4 275 10.54 40.22 11.53 337.29
6. Peeler Centrifuge 5 285 10.22 37.55 10.51 343.28
7. Tapioca-root washing machine 342 175 40.00 11.21 410.71
Table 5 An example valuation using the longest-first maintenance scheduling rule
Jobs Processing Time Due Date
(minutes) (days)
7 410.71 7
1 363.35 6
6 343.28 6
4 341.35 7
5 337.29 7
3 332.31 7
2 325.50 6
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Table 5 shows the application of maintenance
time values using the LPT method by scheduling
tasks to maintenance units that had maintenance
time values. The longest time to do it first was
shown as follows.

LPT = (7) 410.71 = (1) 363.35 = (6) 343.28 =
(4) 341.35 2 (5) 337.29 = (3) 332.31 = (2) 325.50

Then the results of maintenance scheduling
using the longest time-first (LPT) maintenance

rule were shown in Table 6 as follows.

Table 6 Maintenance scheduling results using the

longest time maintenance scheduling rule takes first

Maintenance Processing Time Total
Unit (Jobs) Time
(minutes) (minutes)

Machine 7 (410.71) +
1 743.02
Machine 3 (332.31)

Machine 1 (363.35) +
2 700.64
Machine 5 (337.29)

Machine 6 (343.28) +
3 Machine 4 (341.35) + 1,010.13

Machine 2 (325.50)

According to Table 6, it was found that the
maintenance of 1, 2, and 3 had a total time of
743.02, 700.64, and 1,010.13 minutes, while the

longest makespan was 1,010.13 minutes.

ISSN (online): 2697-5548
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3. Results and Discussion

The research brought the Aggregate Planning
Program and the Maintenance Program of Dragon
Green Energy Co., Ltd. working in the integrated
system to deal with the problem of aggregate
planning and scheduling of maintenance as the

following:

3.1 Total Production Planning Management
The research addressed the problem of
production planning for 2021-2022 which needed to
be planned from December 2021 to May 2022. The
planning had to fill in capacity data, demand from
marketing, and production management costs each
month. The research collected data on the
production process by obtaining information to plan
the total production and compared the results of the
actual production operations as shown in Table 7.

The results of total production planning and
comparison of the results of actual production
operations showed that the amount of total
production planning and the actual production
volumes were similar.

The volumes were measured from the
comparative gap, for example, in January 2022, the
total planned production was 645 tons, the actual
production was 645 tons, and the comparative gap
was 0. The overall comparative gap from December

2021 to May 2022 was 2.3 tons. The implementation
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Table 7 Results of total production planning and comparison of actual production

Date Production Aggregate Planning Actual Production Gap
(Million Baht) (Tons) (Tons)

December 2021 4.57 527 528 1
January 2022 4.55 645 645 0
February 2022 4.56 587 587 0
March 2022 443 700 700.3 0.3
April 2022 4.65 445 4455 0.5
May 2022 4.74 412 4125 0.5

of the program from December 2021 to May 2022
showed that the mathematical schedule modeling
method and the developed program were able to
plan the total production. Hence, planning and
actual productions were similar. According to the
comparison of the report in Table 7, the error was
only 0.307 percent.

The comparison of production costs before
conducting research showed a production cost in
2021 of 45 million baht, but when planning the
total production in 2022, the production cost was
41.5 million baht, with a 4.651 percent decrease
in production costs, or an amount equal to

4,651,000 million baht.

3.2 Scheduling of maintenance work of Dragon
Green Energy Co., Ltd.
The research conducted

was on a

maintenance schedule from June 2022 to
November 2022 for 6 months in order to solve

the planned maintenance problems of Preventive

Maintenance (PM) on Dragon Green Energy
Company's machinery. Co., Ltd., which found that
maintenance  management jobs for m
maintenance units worked in parallel with more
than 2 or more maintenance units. The research
compared the lower bound value from any
arrangement with the lowest makespan value of
the batch. The research used a maintenance
scheduling program, which was used to find the
common value to find the answer using the
Genetic Algorithm (GA) heuristic method, and
how it combined Genetic Algorithm with Local
Search (GA+L) versus scheduling rules.
Research showed below:

3.2.1 Research led to the problem of
planned maintenance that had to be maintained
to keep the equipment ready for use, and
measured from the relationship between MTTF
and MTTR, showing the problem of scheduling
maintenance of Dragon Green Energy Co., Ltd.

as shown in Table 8 as follows:
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Table 8 Result of maintenance schedule of Dragon

Green Energy Co., Ltd.

N o 2

g 23 3§ £%8 8

£ o 3 =

6x2 FIFO 942.800 130.70
LPT 812.100 818.740 06.64
GA 815.160 03.06
GA+L 812.100 00.00

7x3 FIFO 1050.56 490.46
LPT 995.100 1010.13 15.03
GA 995.10 00.00
GA+L 995.10 00.00

12x 3  FIFO 1567.05 31.24
LPT 1535.810 1599.39 63.58
GA 1542.72 06.91
GA+L 1535.81 00.00

15x 4  FIFO 1894.85 226.07
LPT 1668.78 1749.89 81.11
GA 1668.78 00.00
GA+L 1668.78 00.00

20x 4 FIFO 2074.81 2251.63 176.82
LPT 2180.08 105.19
GA 2074.81 00.00
GA+L 2074.81 00.00

According to Table 8, the maintenance

schedule of Dragon Green Energy Co., Ltd. with
problems of various sizes, the program enabled
to schedule maintenance and compare the
scheduling values of both the scheduling rule
method, the heuristic method (GA) with the

GA+L. Moreover, they were shown that in the

ISSN (online): 2697-5548
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12x3 problem, the GA+L method found the lowest
makespan value with 1535.81 minutes, and the
gap of comparison (gap) was 00.00, Problem
15x4, the GA method and GA+L method, found
the lowest makespan value equal to 1668.78
minutes, and the comparison gap (Gap) was
equal to 00.00 minutes.

3.2.2 Efficiency measurement of Preventive
Maintenance (PM) was shown from maintenance
data collection. The study measured the
efficiency of the Mean Time Between Mechanical
Failures (MTBF) by analyzing data from the
effects of MTBF from December 2020 to May
2021 after the study from December 2021 to May
2022, in which every period was the production of
tapioca starch in 6 months, shown as follows:

1. Comparison of the results of Mean Time
Between Machine Failures (MTBF) (Equation 7)
found that MTBF before the research in each
month were 35.540, 51.210, 64.452, 54.230, and
43. 540 with the average MTBF before the
research of 49.794, and MTBF after the research
in each month were 82.550, 81.410, 87.450,
82.451, and 84.051 with the average BTBF after
the research of 83.582. It was with an increase of
MTBF of 25.332% from the comparison.

2. Comparison of mean time to repair from
developed program data: The analysis results

showed that the mean between crashes before

the research was 3.252 and the mean between
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crashes after the research was 1.274, with a

decrease in each month after the research,
representing 43.703%.

3. Comparison of percentage of machine
downtime; Average Machine Downtime (Equation
8): The analysis results are shown in Figure 5.

Fig. 5 shows the average between the machine
failures before the research of months 1-5 were
461, 4110, 3.562, 3.640, and 3.280, with an
average of 3.840.5. The machine failures after the
research of months 1-5 were 1.720, 1.640, 1.461,
1.440, and 1.220, with an average of 1.496. It

showed a decrease after the research of 43.934%.

4. Conclusion

This research brought the problems of Dragon
Green Energy Co., Ltd., which found problems in
total production planning and scheduling
maintenance. This research, therefore, created a
mathematical scheduling model to solve problems
of the company in 2 forms, together with the
development of a mixed (hybrid) program using
scheduling rules. The heuristic methods of GA
and GA+L were used to compare the answers.
The research found that total production planning
and actual production data collection were close
to the planning value. The results of the
comparative gap (Gap) were equal to 2.3 tons
with 0.307 percent of the comparison of the error,

and scheduling maintenance of the company with
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Fig. 5 Comparing the percentage of time

Mechanical failure (AMD)

problems of various sizes. The program was able
to be scheduled maintainability and compare the
scheduling values of both the scheduling rules
method and the heuristic methods of (GA) and
(GA+L), for example, in a 15x4 problem with the
heuristic method GA+L, found the minimum
makespan value equal to 1668.78 minutes with a
gap value, and the comparison of Gap was equal
to 00.00 minutes. Meanwhile, measuring the
comparison of the percentage of time revealed
that the machine crashes before and after the
research, and the mean between the machine
crashes decreased after the research, accounting
for 43.928%. This research, therefore, meets the

objectives of the research.
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Abstract: This research is to study on the energy consumption of the Government Lottery Office (GLO)
which is applied by statistical tools such as linear regression analysis, multiple linear regression analysis
and cumulative sum control chart (CUSUM control chart). The statistical tools could find energy
performance indicators (EnPl) in 3 parts as organization, chilled water system and equipment. The
experiments showed that working time of chiller and cooling degree days (CDD) were factors which
effected to energy consumption in organization part. The factor of energy consumption of chiller system
part was working time of chiller and opening period time of air handling unit (AHU). The coefficient of
performance (COP) of chiller was an effected factor of energy consumption of equipment part. EnPI of
organization and chilled water system parts were forecasted in term of energy consumption in 2020. The
results found that energy consumption of the parts decreased by 7.34% and 8.59%, respectively.
A correlation coefficient squared (R?) was more than 0.75 that was appropriately used the EnPl of

organization and chilled water system parts for predicted energy consumption in the future.

Keywords: Energy Baseline; Energy Performance Indicator; Significant Energy Use equipment
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azldldugunwaInuIINENMIN (7)

Y = 2.6568X + 396833 (7)

Tasfi Y éo wasowlwihalgaaidon (kwh)

X 08 SIWIUWHN (A)

ANATMIIATITANIDADDUAINNTUNWTUU U
\F91d% (Linear Regression) aauaaslugufl 4 wuin
1 1 Qo d v 1 1 { e v
fin R2 1YiNNU 0.0044 G9ttasnindneansuld R
WA 0.75 waadli A ningwinniinaw 188
anSwadadSuasm It KN s9nali bauTals
Wuaafinslewasanusiwne (Specific Energy
Consumption; SEC) l32@Ua4AnT a9aun13N (6)
waZENNIN (7) lwnsriwemslowasnuluszay

6 o
23an3 e

AIThI mﬁmezﬁﬂ’agamﬂ“ﬁwé'amulmzé'u
23An71 2562 G283 TN1TALATITHNITOADAULE
WHamH (Multiple Linear Regression) lasnstiuan

N = Yo a e Yo A G A
wisawse TINMILTINIY zlvlmuuwg’mmmumuﬂsw

Hnadan I EWaIN 1% @1 Cooling Degree Days
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490,000

470,000

ae
.

450,000
430,000 e .
410,000 -

390,000

Energy Consumption (kWh)

y = 2.6568x + 396833
370,000

R?* = 0.0044

350,000

14,000 14,500 15,000 15,500 16,000 16,500 17,000

Employees
o v o ¢ .
31U 4 MINTNUURAIANUFUNUTIENT
NI AR LT H 0TI UWIN I

luszauasnnst 2562

(CDD), 328ZIAMIVNHAIAT, TTULAINNT
\Dawaslszgy L8RS T2HEIAN MY BILAT 0971
i delUsunsy Microsoft Excel Wiinaaudls
Sarnainadomsltwasnuluizauasdng do 6
CDD W8z 52821981n1319 w1 89ta3a9h i 1
Togazlddrqudszansans 9 vassuminanasifa
WAAD (Multiple Linear Regression) 4318821880619

AN 3

4 s a er
M1319% 3 ﬂ’]ﬁllﬂ'ixﬁ'ﬂ‘ﬁ(ﬂ’]d“] PAIRUNIINIT

nanouLlTINAQ (Multiple Linear Regression)

VBITEAVAIANT
Unstandardized
Model Coefficients T P-value
Stat
B Std. Error
(Constant) 193530.83 38279.30 5.055 0.0007
Xy 3THLIRNT
ﬁﬂmumaam%‘ad 245.57 48.85 5.027 0.0007
Fiudu ()
X,: CDD (°C) 354.66 132.04 2.686 0.025
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Tasuaasan B, Std. Error, +-Stat, P-value 9961
@9 9 Senunanesadellil [4]

B Ao ddulszAninisnanasuesaaudsiase
wdazaandausanas wWeirunldlunnsaia
sumsawa sl ienamsal

Std. Error #9A1ANUANALARBUNNATTINYB
FulszAnsmsnanageIiulIBauA e

t-Stat waz P-value tuaaf@nuazAdugALy
NIRDE (P-value) VaIN1INATAUTN (t-test) §1WITL
nagauinawlsdaszadla Ayl luaunisen
wasomlniAnemyoileig Tagen Pvalue Sdn
KapwdawinnuszautudAmininua) ugaidn
sunsash Wl lwsumsdwasanulwidienansal
Tof Twauisoitinnuaszautoddn (Level of
Significant) 137 0.05 (P-value < 0.05) G u18 9
sanlWiinanuamanaan 5 % wiadszaunnu
\903i% (Confidence Level) 95 % [4]

FUNIINADDYLTIN e (Multiple Linear

. a [ v 4“(
Regression) YDITLALBIANT LAA I

Y = 245.57X, + 354.66X, + 193530.83  (8)

lagfl X, Ao szozaMIvnuadaTasriniL e
(T.)
X, fia #i1 CDD (°C) [12]

Lfiaﬁ’]aumimnam%GWﬁﬂm (Multiple Linear
Regression) Y = 245.57X, + 354.66X, + 193530.83
GIFNNIA (8) V09326 LBISNT lanen R? winfu
0.8715 Fannnindfsansulawiniy 075 uas

VINNINFUNI1IN (7) Fadwaun1inanas

@
a

ANNFNNBTUULLEILE (Linear Regression) A9t
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Wathaunsh (8) sllunsvinwsdrenanso
MIITNRINUVDITEALRIANTVRIT 2563 lasunis
a1 X, AeszuznamIrinauaaIasrinindu
(T4.) Waz X, Aa ¢ CDD (°C) vasil 2563 wuinen
M WaINWIWA1939 (Actual Energy)tasningn
AMIEWaI9 IR 1a1an1Tal (Predicted Energy)
Jawas 7.34 ugasldlAninnassaniunlesguad
mIayinEwaINUluszdladdns d’dLLaﬂdlugﬂﬁ' 5
F1RITUATNATINFSHUVDIAINUANA
(CUSUM) T30 12396 T S banNaTINY 96N
Nag (Diff) @”@melugﬂﬁ 6 wuInluaag a.a.-4.9.
FANANUTUVDINATINREFNVBIAMNUANG19LT b
1IN ugdlmidnindsz@nsawmslawasamlnia
dnindng st uszasudidion w.o. udwly
WUIIAIANNTUY DINRTINFERUDDIANULANG
Wuay uaasldiduindsz@nFaiwnslowa sy
VlwﬁwgaﬂdwLﬁmﬁmuﬁumgmﬁwﬁd ilaganna
nasgaInfinuLsgua laduloungsamalswasom

1o ﬂﬁ’mu@mmﬂﬁazﬁ'ﬂﬁwé’amumﬂumﬁm

500,000

400,000

w
S
=
]
]
=

200,000

—&— Actual Energy

=]
=
]
=]
=]

= = Predicted Energy

Energy Consumption (kWh)

=

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

31 5 maSpuifisunazastSunmmsls Winess
WaTATWAIIWINANAANITBE

Tuszauasdng
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100,000

0

=100,000

el 1)
I
\\

N

-200,000

Energy Consumption (kWh)

=300,000

-a—CUSUM

[Cvifr

-400,000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

gﬂﬁ 6 LRAILNBNINLINIMDINAANY (Diff) Lhas

NaG9EEEN (CUSUM) luszauaddns

32 ABRTIAFNTINWINIIATWNA IRV DITEA L
o & &
STUUTINWHLE®
myeTzddayanisliwasnuluszauszy
udw 9 2562 35n133LA512RN1TDeD e Y
o o € a v . . v
ANNURNNUDLLUULTILEW (Linear Regression) ala

v a dl
FRUITWARIIIWINNFUNIIN 9)

Y = 243.55X — 60533 )

Taaf Y fa wasawlwirluszauszuuvinsingn
nlodaidan (kwh)
X A8 328N IRV ILATBITN

WLdn (Tu.)

mnnsianzdtayanisliwasnulniale
FLAUTTUURUNLIw 2562 62835013
ANMUFNNUTUUULTILEY (Linear Regression)
ldasgunisn (9) lapfden R? vinny 0.5749
FId1nIa1noaNIUlan 0.75 aanudltasnis
a [ a . .
AnszniInanasannam (Multiple Linear

Regression) lagmsinuaulsdaseinig H{¥in39

lasuiisgininduarudsiinadonislanasen
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LT 3EHE1281NT3YN9I Y0 ILASEININENLTH
szuznmmnﬂ@ﬁaoﬂsz‘quLﬁuLau LRZIZHZLIAN
miLﬂmﬂ%‘adddamﬁu (Air Handling Unit;
AHU) d281dsunIn Microsoft Excel Wuineauys
Saseiaonanamslswasrmlussauszuuviningu
A0 T2uzANNITRNUT0ILAI IR LT N LAz
sruzaan1nida AHU Tagasldanaudszans
A9 aIFUNIIAADALLTINA A (Multiple

Linear Regression) A4uaadluansnem 4

' [

{ a QEI
M19199 4 arFudIzindang GUBIRNUNIINAT

NANDYLTIN WAtk (Multiple Linear Regression)

°¢

I3

PaITEUUYINLE
Unstandardized
Coefficients
Model t-Stat P-value
B Std. Error
fnaft
-16674.135  45308.356 -0.368 0.0072
(Constant)
Xy 3Ty
Y‘i'ld’m‘uadméad -143.144 47.327 -3.025 0.0144
Fdudu ()
X FTHLINNT
278.695 50.519 5.517 0.0004

1ila AHU (7w.)

guni1InanaulBINnAan (Multiple Linear
Regression) luszauszuuviniidulaasaunisn

(10)

Y = - 143.144X,+ 278.695X, — 16674.135 (10)

lagfl X, fa szuzIaMINwadaIavh
WLdu (Tw.)

X, A9 szezamIda AHU (T4.)
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Lﬁaﬁmmnwn@namﬁawnﬂm (Multiple
Linear Regression) %32 ussu Ui Wi u
Y = - 143.144X, + 278.695X, - 16674.135
Gagun13n (10) lapddn R? Ny 07892 &9
annnirnansuldivinny 0.75 sansldaunsald
FUN137 (10) WAFIWIBRIAIANANITENS 1T
WAHNWDBITEAUTZUUYNINLEWT 2563 Tasunud
X, Ao 52821981N15R191 %V IR 89T LT N
(T3.) uaz X, s szpziianala AHU (14.) 628
Tayavasll 2563 wuirdnslawasnuluineg
(Actual Energy) 280316101313 Wa 3910 I AN
ANAN3DL (Predicted Energy) Sataz 8.59 Uaadlw
WiwinassaninuisiguiaduiaInisauing
wassuluszuuinsingu ﬁ‘mamlugﬂﬁ' 7 ua
oW AN ARA S (Diff) LAXATNAIINFZFNV DI
AMWLANANS (CUSUM) luszauszuuvinindu
2940 2563 @Tauamlugﬂﬁ 8 WuInlusag
0.0.-8.0. AU TWUBIATNATINRERNTDIAINY
wandduuin wraslkiAuindsednsawnng
Twssawlniasszouviinududinindngu
§1989 uazasudidon w.o. 1uduld wuiianu
TUVDIATNATINRERNVBIANNUANA19LD UaY
waad bt AR ISz AN S W Tl Ewa s e
izuuﬁwﬁwLﬁugaﬂ'jwLﬁaLﬁUuﬁ'ﬁng’mé’NSa
Lﬁadmrmaaaa’mﬁuuﬂﬁgmaﬁmmmm@
S2UzIAININIRTadIA3a9va L Su (Chiller)
ijaL“ﬂ”w;jqg]vwmLm:mmmimﬁﬂumlﬂﬁm'%"mm
Anfnauia 250 61 unwieiasrininivauie

550 @ LUBIIIRIAINGD
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31U 7 maSeuifisunsuesdSinmnsla Indhes

waAWA IR IR A MamM Bl u U UUYINLE Y

100,000

50,000

oﬂ/;/a\ _m .
R

-\_
\'\_\;/._.-\-

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

-50,000

-100,000

Energy Consumption (kWh)

-150,000

[TIDIff -m-CUSUM

-200,000

Month
gﬂﬁ 8 USUNwaINasN (Diff) LAZNAAIRZRN
(cusuMm) luszuuvinsinidulagitnmsiiensinns

n@nam‘fmwmm

3.3 GBI AN TIOULAIUNA I DI TR
qﬂnmﬁ
nmsanaiasmsslwiwesaiasininngs
(Chiller) H9wua Uaz¥nN3A5297AR8a NN T INa
yagiiumeluna aqm%gﬁﬁmﬁuﬁdﬁnima:ﬁw
ponaniaesriindu edw mmnaanuLdud
wiasrnindufingale (Ton of Refrigeration; TR)
INFUNIN (4) LN DANUI I ANENITOUSNNITN
aMaLin (CHP) a9sun13f (5) #9@13797 5
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M13719N 5 ANRNITOUSAIFNANNLEUBILATEIYINILE

Chilled Water Temp. (°F) Ton CHP CHP Legal
No. Power (kW) Flow Rate (GPM)
Inlet Outlet (TR) (kWITR) (kWI/TR)
1 N/A N/A N/A N/A N/A N/A N/A
2 287.5 1504.71 50.2 45 326.02 0.88 0.62
3 127 606.36 50.7 46 118.74 1.07 0.76
4 127 608.50 50.1 45 129.31 0.98 0.76
5 301.8 1498.51 50.5 45 343.41 0.87 0.62

NA397 5 wsasnaSsuisu aNITOue
msinanufuvesaiasritinduildanns
@77297@ (CHP) NUANFNIIOUENIINAMNULE D83
Lﬂ?‘aaﬁ’lﬁmﬁummg%mm (CHP Legal) w1316
susTanmMsnanufuvasaiaintidui léen
MM13A3297@ (CHP) 1A38971 2, 3, 4 uas 5 WAy
0.88, 1.07, 0.98 L.az 0.87 kW/Ton ANNRIAL Lfia
wWisufsunueIwdENIInueMIvANEY
°1Ja<1LﬂéaaﬁwﬁﬁLﬁumungmmﬁmu@ (CHP Legal)
[14] Wuin saussnuzmMIenaLiusese3aanin
Wi fdgenindraussauemvinanuLinies
m‘%"mv‘hﬁmﬁumuﬂgﬂmm Yatianaiiesnnann
Lﬂ‘fi"aaﬁw{ﬂLﬁwuaaﬂammﬂﬁuuﬂﬁgmaﬁmqmi
[EARDIPTRIVEIN ﬁﬂﬁm%ﬂaﬁﬁﬁ%ﬁuﬁﬂﬂﬂ‘ﬁgﬂgLalil
WRIIMINT Bsadusingrilidausinug
msﬁwmwLﬁugan'jwmmﬁmmgmﬁmmg%mﬂ
AU s’fmQ”iﬁ'ﬂﬁﬁaLauaLLuzmmmimsa;ﬁﬂﬁ
wasemluszuuriningu aait

W1AINIA 1. Baneiasrintidudnanssous

matnanuiugaduaman

¥193N137 2. W ysaulun1sinaNazena
° o A o o = &
tgeinweIasintudn LLaxqﬂmmﬂs:ﬂaulu
FeuurinTLE

PIATANTA 3. AITUTLVUAAMNINIIOUSANTHN
AT WUBITEU UYL % (Monitoring System)
peinddiaLias

A A A o o = A a

¥1930157 4. wWRsuaIasrinindulnalng

ﬂszﬁ‘n%mwg\i

4. unayl
mnmﬁmﬂ:ﬁﬁagamﬂ%wé‘aamﬁawé’waa
11 w.a. 2562 68 mMymnaafia s aausTnusnaiin
WRIUTBIBANITHUNINUNBIFAINAULITTLIN
& 3 seaulagseauf 1 Ae seavassnslasldnis
'“Jm'm:ﬁminﬂnam%ammm (Multiple Linear
Regression) lagn1smianusuwusnudasufisua
damsltwasnuluszauaddng fa szuzaINg
FauuedtndaarintinLiu (TY.) WAL @1 CDD (°C)
Wathanldaamssimsldwasonuluszauasing
2841 2563 WuIdlen R? Winnu 0.8715 Wazn3la
WRINUlUIZAUBIANTAARITBLRT 7.34
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o A A @ o

JAUN 2 fa zauszuurinanuiwlaslinig

ﬁimﬁzﬁmsn@mam%wmgm (Multiple Linear
. % %] 6 o = dld
Regression) lagNIMIANNINANUSAUT98N T Ha
don 1Tl TWa I wlnIza U LU NLE Y Aa
FEULIANIINN UV IATEIR LT Y (TH.) WA
sraznaM e AHU (@) Wakanldaanisol
MslEWasIwInIzAUTUUINaNN L wasll 2563
WUINT A1 R2 111N U 0.7892 kaznITh T Wa 911
TAUTTULYNANNLEUaARITELA: 8.59
o A A o A o & )

AUN 3 A :zALLeTesINTgLNTOl Tapazlsen
FUTIOWNAMNLE K (CHP) BadlaIadriniILgu

. a o . A o
(Chiller) lunsifisunudNnguuiafimue 970
NANNTIFBWLIN ANENTINUYINALEW (CHP) Va3

A o o = . A P &

1A39111 L8 % (Chiller) I@mmﬂgamﬂmmmm
aIIUNaNNgReiMuaiaas 37.68

AIRUERNINUNIFINAUKLITFLNAENNTAEN
ATATI RN TTOUSTININTUNA I IUIZAVBIANTUAS
seaurzuurinignldltanamyaimslewasanwls
au1Aa wanaNTadaNnaINluuNAINNLE?
o o~ o A A 4 ]
galitoapdug Mufsuwudasauaninenme laun
A192A214TaUVBIDIANT QN g9
ADWLAKLTDS UszLAnue93EUUAILAY Compressor
NeINadanIITUSI o WA VaI0IAnT I AIN LA
msﬁmmmsmsag%'ﬂﬁwé’amusl,m:uuﬁmnﬁu
UAZIZULAUY tRNLAN WNaldTaalwasdnianansn

a@ﬁunmm:wammm aFILINR AN
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Abstract: The aim of this research is the development of a mathematical model for reverse logistics
management: a case study of plastic recycling. Offers the minimization of the total costs of the reverse
logistics system. First, the alternative locations for collecting plastic waste in the Northeast were
determined using hierarchical clustering and K-means clustering. These alternative locations were used
as decision variables in the Mixed Integer Non-linear Programming Model (MINLP). The model was
developed to appropriately decide for opening a plastic waste collection center, the transport and
collection of plastic waste, and the recycling of plastic pellets. This proposed model was processed with
the LINGO 1 3.0 program. In addition, the sensitivity analysis by varying parameters regarding the
capacity and number of alternative collection centers was proceeded. It was found that if there are many
collection centers operating, it will take longer time to process, less plastic recycling, with lower total
cost. In contrast, if there are a small number of collection centers operating, despite having more total
costs but will be able to recycle more plastic. The results of this research can be used to effectively

manage the reverse logistics of plastic waste in the Northeast.

Keywords: Plastic Recycling; Reverse Logistics; Mixed Integer Non-linear Programming
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Abstract: This research focused on studying the amount of fine particulate matter (PM, s and PM,,) generated
from vehicle emissions at the underground parking area in Srinakharinwirot University. The methodology was
performed by measuring the amount of particulate matter in underground basement 1 (floor A) and
underground basement 2 (floor B) from Monday to Friday. Moreover, environmental factors, such as, humidity
and temperature were measured. The result found that the average concentration of PM,, ranged from 156.3-
225.4 ug/m®, while PM, ranged from 15.5-45.9 ug/m®. At some measurement points, the values exceeded
the Air Quality standards. Both particulate matter types were found to be highest between 6.00-7.00 am and
gradually decreased and increased again at 3.00-6.00 pm, respectively. The high particulate matter
concentrations were identified at the entrances and exits near the demonstration school (Prasanmit) and
some areas where the air circulation system was inadequate. The wind speed measurement at the air vents
of the ventilation system inside the underground parking area all 36 points per floor revealed insufficient air
volume compared to the calculated requirements. Short-term solutions proposed include providing dust
protection equipment for individuals working in the underground parking area. Long-term solutions involve
implementing urgent mist spraying during heavy traffic hours and installing fans at specific points within the
underground parking facility to enhance air circulation. Additionally, the installation of additional exhaust fans

to improve overall air ventilation efficiency is recommended.

Keywords: particulate matter; PM, 5; PM,,; vehicle; underground parking
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Abstract: Petroleum-based plastic is widely used either in extensive industrial or daily applications.
Polypropylene is mostly used and accumulate in large quantities in the ecosystem. Due to the polymeric
structure and supplemented additives in the production process, resulted in rare biodegradation of
polypropylene. In this study, the total bacteria were isolated from freshwater sediment within Phranakorn Si
Ayutthaya Rajabhat University. The biosurfactant production has been observed in the bacteria isolate T2
after the Drop collapse test procedure. Polypropylene biodegradation efficiency was then investigated through
the cultivation of the isolate T2 in the Brushnell Haas (BH) media composed of plastic sample for 30 days,
yielding the plastic weight loss of 10.25%. In addition, the roughness of the plastic surface was occurred
during SEM analysis provided evidence of bacterial biodegradation proceeded. According to the 16S rRNA
sequencing and phylogenetic analysis, the bacteria isolate T2 was closely related to Fictibacillus
phosphorivorans which had not previously been reported to polypropylene plastics biodegradation. Hence, the
result would be a considerable development of bacterial strain through an appropriate process and

technology regarding to the further remediating environment contaminated with plastics.

Keywords: Polypropylene; Biodegradation; Fictibacillus phosphorivorans; Biosurfactant

The Journal of Industrial Technology (2024) volume 20, issue 1 http://ojs.kmutnb.ac.th/index.php/joindtech
131



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

1. UNw
wmaﬁﬂLflu'i'a@;ﬁﬁwsl**ﬁﬁ'uaf;mLLwiMmmg\a
lu%’mﬂizaﬁfuuazq@m‘ﬂﬂssmmﬂmﬂmu LT
ussgﬁmﬁuazi’a@;ﬁaa%ﬁa Wudu thevdas
qmawﬂ'ﬁmauwmaﬁnﬁﬂui’aqﬁuﬁw dminin
flanudangn AN LLa:ﬂ'aLﬂui'a@;ﬁﬁﬁmgﬂ [1]
weaenlsnaumslswaadnnaliiiauanunig
Founadew Wesniduassfifanunimuuas
gwrsnandvludsuaasdeniduiiaiuwin [2]
fauddunaluladluditwezaunniinaadn
naululguselomile uawuingdines 10% vadvee
wmaﬁﬂﬁgﬂﬁ'}vlﬂ%vlsmﬁa WoNANNAEITNITIANT
IugﬂLLUUﬂ’HLquLWLm (Incineration) U3zanmh
14% uazaulnglditnmsmaalasisnsdinay
[3] AalAiian1srzaNvaIvIZWNAEANTIUINANN
Tuszuufine uaziflatianisuaninniodnnsan
feasumesanasavaunaodwlulaswansdn
S duBusruwang@niZuwIaLsn (1 ym — 5 mm)
sunsounsnizasludsasanlaluusiimnta
[4] S3tiumsAasandsmsfimunzanlumssans
mmzwmaﬁﬂﬁuﬂuﬁlaﬁﬂﬁzy |1 NIAUguNTlE
waa@n aiuayunsliwaadndszinndesaais
Temagann sawnsnislginaluladnssesaans
WARANGIBITNINITInW lasenduianssy
MIdasaaBNIRUNITUNMBWUTWIanguLe9
dun3Id Liludu 5]
NILBFAUNANFANGI8ITNI1TNIIBININ
Lﬁ@ifumﬂﬁamimaaqﬁuw%ﬂmmwﬁ;\naﬂmﬁ
ffvadasnuifinisdesaans Gedaulngdu

ewlaflungu’laa (Lipase Enzymes) lalasias

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.009

(Hydrolase) Lag dlalasdiua (Dehydrogenase)
lilassasreanadinas (Polymer) vaswana@nil
amaidnadiduladlniuas (Oligomer) Iuluwiwas
(Monomer) %%mﬁ@msﬂamamﬂashaaug‘mi
(Mineralization) W o ld1duunasnassnnlu
mnﬁmﬁm‘hmumaagﬁm%ﬁ uazlanfanmwd
1 CO, uaztin [6, 7] udadnelsiany lunisees
amﬂwmaﬁniﬂmﬁuﬁﬁﬁ%aﬁa NITNNIIVH

a a6 A

°11aaLauvl,mﬁmﬂfgaumﬂmuﬂa}ﬁ?ﬂ%"uﬂ MAvaTaq
15 Tas9ane a9fsenatiadl anwaeinil uas
i{mﬁfﬂiuLaqamaﬁumuwmaﬁﬂ@%@?’fu SPYTIRIIR
wuinawlodMAgatesiun1sdasaatsnig
Finwrandunidisianuiiwzinzenusie
ya3nusziadluassivasnafiuasones [8]
WaRLWINAW (Polypropylene, PP) lasaa3ns
naniuansdszneavlalasansueussend (CH,,)
Fodunansanfidnisuaaunnidusuauaaizes
3 nwaiLafian (Polyethylene, PE) Tanwia'ly
wodlwsnaufioulfiduizgdwivunnmiuas
aanaudn awnsninlddszgndldlunans
AINTIN LTU QATIANTINGINIT fine gunanl
Wasd fUan1T Munstususiuaud 1udu
Wasanlassaonanaeswedlnsnaniin
s3dsznavlalasarsuenanosnafiliseuin
(Hydrophobic) § %1% 150 Ta1a nagd (10,000 -
40,000 g/mol) uazlunszuIwnIIHAAEIANTLS
gnrltiAnenuasaaseinlwnisgesaane
wodlwInans83EmMImsdrinwiiadwldonn
[9, 10] weiatnalsian dnrspanuisasnug

gnwluwnstasgany b laIwaadn

The Journal of Industrial Technology (2024) volume 20, issue 1

132

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

shawaflwInau 1w wuafiSoaoWug
Bacillus sp., Rhodococcus sp. L& e Phanerochaete
chrysoporium [11, 12] wananit ganwuindnmsdas
ganulasngauuuafiiie (Consortium) 3x% 19
WUATIL38 Enterobacter cloacae Was Pseudomonas
aeruginosa [13] Fewuin JyaunIdn g9 laiAan HWUT
AfipemmIgepamunad InsRauenaLiiesnnan
Fos e ntulassaenanuaswaawes NN
mﬂ%a’mﬁuLL@idﬁﬁﬂﬁwmaﬁﬂﬁmmﬁ@mjuua:
AN §9 [14] saluwnudsaitasdanuauladinmn
amw”uﬁja;ﬁuw%ﬁﬁmmm HOURATWED W
WAFANTAANDR INTAN AW LA G283 TN INITIA N
I@mmww:misiaﬂamswma@ﬂﬁ"lajmumiﬂ%‘uﬂgd
é’ﬂﬂm:‘ﬁfuﬁ’s (Un-pretreated Polypropylene) Taglu
MIneRaIAsIaaNTaRALENLUATSY Fictibacilus
phosphorivorans 31N A &N 8% @ b 1 ai{'mwsl,u
UAANINAINTAZ WIZHAIATAETEN Baduans
w”ufﬁ §9liwuTewA s unsanenIs o
gag'lulaswangdnohiawadlnsian 3adud
vnanladuegeislumsdnsniszansmwnisdas
FR1UNITINWLR aﬁwvlﬂ;jmsﬁ'@ummmwwuﬁﬁa
Urzgndltlunisianisa HENAFANANUNITRERY
USunannde lluewaa

2. Jaq aUnsstuazisnismaaas

2.1 MILATHNTRAIMNANTANTHANDATNINAN
ATt oA TUEIWANFAN Gl

nasavluszautosdjianislasiarsmianld

wana@nsianadlwiian vildlaodagwmsdnla

Uszinnnaian (100% Polypropylene) 1A Tau1a

3x 3 mm ﬁaa@ﬂﬁaaﬁ'ﬂmmmaam&mﬂvlﬂm-

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.009

wana@n s lurluansasansianues 70%
w10 wift udvinldsdaoinnaudsean
%o ﬁﬂﬁuﬁﬂuﬁauaﬁauﬁqmmgﬁ 60°C L
24 T 134 (USudlyeann [15))

]
P~ I a

22n15AALAANITARUAN SN HNAAEISAR
= A =
LIIRIHINISTINN
ANTAALENLTALUANLTINFINITOL BURANEY
FTUFIUNFANTRANDR INTAAUG AU LAY 1AL
arad9aznandnanntaiinisluyniiness
o a A ) =
NIAGWITUAIFIBYTLN NIzAUAMWAN 10 — 15 cm
A a
mﬁﬁmmwumiazawaaagmﬂvlﬂmwmamﬂ
[16] @18819azNaUAWINNTN 5 g LNzIRBdln
9113l 89T e Luria-Bertani (LB medium) 1311613
50 ml LwENNANNLTITOY 150 pm g dl 37°C
1Jwaan 24 Talu9 MNBUITIWIZIRBITaRUAN S
1481117 LB agar aunszvidbawuafiiselaloaan
) le o s a
Uiqﬂﬁﬂaumvlﬂmaaumimmmmmmﬁammd
Fan W (Biosurfactant) #2835 Drop Collapse Test
g A A N nﬁL g
laswnzidosuuaiiGelalmaauigniluamandes
\Te LB L19g11Anui3938u 150 rpm gmennd 37°C
1Jwaan 24 T21a9 NawiaNANANaUMILNTAY U
WABINAINLII38 6,000 rpm LT w81 5 win
(Sigma 3-16 KL, Germany) wihanaseulasns
RUAFIUIEUSNIAT 10 Pl AILUNWAZLTOWAFAN
d' A v Z’ a ] d' di 6 :’ a A
NARAUAIUNN AT OAULATDIDUG WAz INUNT
Lﬂ%ﬂuLﬁﬂuﬁ'uﬁﬁnﬁ'mﬂuq@miw@aaamuqw
A A A o A
NasRanlalalaanwuNIINTEINLAINT D
NNIYUG (collapse) YBINEAFITAZAVUE wla
= A A
FILFAIDIAMNENIID PWAITHAARITAALIIAIAD

NNTINN [17, 18]

The Journal of Industrial Technology (2024) volume 20, issue 1

133

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

2301580 8FANYTRFAIBNANEANTHANDA

A
Twsnan

kg A A Ao oA (Y

wztRssuuanselalaaanaaidanldain
A1INA&ay Drop Collapse Test luan1uisiasifa
Bushnell Haas (BH) U381a3 50 ml NS w&I%
WaFANTRANER INTNAUALeIoN I niny sz

° Y X o A A, X o

01g ﬂﬂl%ﬂi’lﬂﬁﬂﬂmesjmiadudmmal,m@uga
ngmnnd 110°C iuian 20 WAl (wnzIREIN
gamnd 37°C ANaLTIsaL 150 rpm Lum 30 T

a A6 o g g A a
I@smg@miﬂmawhmmﬂa g91%a BH Ni
FudwwanadnlaslilfiveuvaiiGuduganiugu
AURUNIINAFDY 3 61 (ﬂ%’uﬂ‘g\‘mﬂ [15] ) Waasu
FLULIANMNTNZLRLINTDILSNTUFIUNARANDBN
AMNBIMIIRLITAGIENITZANHNTEI LRI VUALEY
HAugudnand 47 mm (GFIC Glass Microfiber
Filters, Whatman) lui:uuqtg WIMALR TN TUEI%
waaanNuon lauusluanIazans Sodium Dodecyl
Sulfate 2% (viv) \Jwian 4 T2lus enudeanaluii
nawUNAINNT T IMIU 2 JaU LLﬁaﬁﬂﬁLLﬁﬂuﬁau
auaunigannd 60°C 1uiaan 24 7139 Ywin
$nunnanadn (0.0001 g) e laud1wI
U352 RNTANNWNNTL B FRUTUFIUNAFANA18AT
Asansdntinine’ly (Weight Loss Analysis)

INNRNNI (ﬂ%’uﬂgqmn [5, 15))

% Weight Loss

(W, - W) x 100
W,

Wa W, = RnnISuawIwaIunNaIgan (g)
W = AINU I TUEIWNRREN
N 30 VBINILNZLRLI (Q)

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.009

ANWIA N DA BAIVDIT UFIUNATAN DA
WS ARNERAINNATUIZHZIANITNARSS 30 11
TauHG wFIUNARANA 89138 N U T19 15
#1388 Sodium Dodecyl Sulfate (SDS) 2% (V/v)
anudsmsdsluinndulnennigariud wasen
T i aan & ees ez a L ues
70% LLﬁ’aﬁﬂlﬁLLﬁdiuIngﬂmw%mﬂunm
24 52 Tw4 1 auinlUTianehguinsuaznig
WA U892 9N WA T WEIWNAEANFIENT 09
9aNn 73R8 IANATEULLUFAINTIA (JEOL Scanning
Electron Microscope, JSM-5410LV) (ﬂ%“uﬂgmﬂ [13])

]
a A

2.4 mis:qmﬂﬁuﬁfwamumﬁLiﬂ‘nﬂaﬂaa’m
FwAIWNANFANBRAND RININAY
o A & A A A

gnaadntavadnunielalaaanaiuisn
R URAUTURIUNRRANTRANDE INTNARNGBINNT
AnuIdI8TARNAGLAwEaN19IN13AT (PureLink™
Genomic DNA Mini Kit) fiauasala819 1351 %
drauiinalainauasduwuSiaos 16S rRNA lay
VBN Macrogen Inc. (Seoul, Korea) 34U BADWNT
Lﬁuﬂ’%mmmiw‘”uﬁqﬂﬁwauﬁuu'%nm 16S rRNA
Muwnadia Polymerase chain reaction (PCR) lag/ld
Twsiwes 27F waz 1492R’ AauiNaan wwin La b
a 6 @ a a 6 v o d' v
Awanzdidayafiaaflelng udrdmanld
wWisuiisuanumlewsasmewuinugudaya
GenBank, EMBL L & DDBJ @ 7 & BLAST

o
o

program (The National Center for Biotechnological
Information, NCBI) AN #1ANU RN T U0I&1A D
Fauwmslasnsasne WHUD A ANUFUANUTN
Wvu‘.qﬂ 334 (Phylogenetic Tree) @287 il Neighbor-

Joining (MEGA Version 11.10.13) Na&aUAINY
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W ol wa 1861 Bootstrap 1,000 F1 LAZH 1% Db

Aa

WHBD AN1980@A2875 Maximum Composite

Likelihood [19]

3. Wan1INAaaInazanlsananIsnaaay
3.1015AALR NI ARUANLIINHAAFEITAALTI
= A =
AIRNINTINN
NINARAUAINNEINITD IWNITHEAFITAAUTI
#97IN19510 W a283F Drop Collapse Test 284
wuanSelalamanaawaunlaanaznandniatin
noluannine1dsnsAgwIzuaIaiaygsen
I@]aJmiﬂﬂaaumiqu@?’m%amzmm"’a (Collapse)
YDIRLARITRLANUFIULRN LA INNNITNLRUILT
LUANIS SN UNURE AR NA WL WEIREIU
& A A Y ¥ o oA A &
WS BNLARAUAI LN U WAR DR ULATDIL UG LAS
dUNT NaMINARBIWLINTMIYUMTBINTAEMNE
1 a A a é/ 1 3
saulzvasnuanSylalome T2 ialiwad 9052
wazklul9n3Ng (gﬂﬁ 1) WalSsuisununans
Aa Ao o A
NAROUVBILUAT S uNAaLEN ANz noud L Lo
A I . A e & o
WADU INNANIINAR DI T WNITLI% beil o961
a A a =S a
wuanSyleloae T2 aNNT0NEAEIRALIIA IR
a ¥R a [ A =
N19TIn N LT IR 1T aatian lUdne
UIZRNTANNITL U FAUTURIBNAFANTHANSR
Twsnanluzuaaudall NIkaIINMINAIENTAN
WIIRIRINNIBININT IR L UAT IS D FUN RNV DI
FURIUNRFAN wazrinbitAamIlaonulasaniia
au bl sauinN A aswUAfiLSe (Cell Surface
.. = o A, ' a
Hydrophobicity, CSH) Gatduna lnnann o asiasy
IWAanstasaaunaI&finn19510 W [20, 21]

o o '

AINIBDETIN UGW%G{UﬁWUj’]QME‘TﬂJﬁ’aTE}G GRRRL
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(a) Vegetable oil

Distilled water

T2 supernatant

(b) Engine oil
Distilled water = -\ - )
—_— _— —_— L~
T2 supernatant
— et ~— S

3171 1 Drop Collapse Test 2asuuailielolaiaa T2

) ¥ oA ¥ @ = =l s
NU (@) WINBND LAz (b) WINBRRDIWLATBIL UG

W39iaAIMeEIN N T2nN Lipopeptide Aindalag
\$a Bacillus sp. TNz ANT WL nEae
waRAnThawesanian lasanizwadienauainy
AU LL'lL%@i’] (Low Density Polyethylene, LDPE) [22]
gaaAsaInuMIAnuIUsEANT AW THanaane
wagdnwafafaulasuuafiiSy Bacillus sp. PE3
wudﬂﬁmﬁfﬂwmaaﬂmﬁ‘lﬂgaq@ﬁmﬁu 6.68% 1
F2ULIAINIINARDS 30 T L uNaIINNNITLT 0
FNNTONAARITAALITIAIAINIITIA N T=LAN

Lipopeptide [21]

32N15U0UEANUTHIEIBNANEANTHANDA
aa

Twanan
Tasvaldnisdasaaioduairwnalradnlas

a = a l&/ tﬂl v a < 1

adunidifiaduitasannisldwansdnduunas

ANTUOURIRTUNITIATY LN NS IR IBLTAR

FINITLDURAIYVAINORLNAIRINIIDALATIZH L6

WaAT 1% MU AruilaIan ¥R Mg IRINgD
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:’ a a v &
wiathmunluanazaswafwed udu [15] Gelu
MINARBIATIRANAUMIIANITILATIZR RGN
W IV IBURIUNAIFANNNURRIN NN TINIZLR L

A A g & dal
wuanSyleloae T2 luanisiduaden T uaIn
AREAN LT UTzuzIaN 30 U HANNINARBINLIN
nnnmg lue B ug N EANNaR INTNAKA
1% 10.25% (+ 0.006) NIHaNALHBINNAINIINMNT

° ea o A A
nuvadtanloinsaaizilasuuanisylaloae
T2 ﬁﬂﬁwaﬁmas‘gﬂﬂ'aﬂaa"ml,l,a:ﬁwaslﬁﬁmﬁfﬂmm
FusIunNaEfnaaad 23] wuusNiininuad
=&, a A A A
%umuwmamnslu‘*g@mqumm“nvl,mLﬂaﬂml,ﬂm

§ 2 ¥ E X o PV
WaRUEANIWIIA LY NIRTInLTIBNUITnaw
v Aa 2 Aaa A '
nAnsAnELUaNSsNamusndausaylulas
waRANTRaWa A IWIRAR LY nmIAnEIiInn
YBINARANNAY I AIAIDE1ITW ﬁ’m‘ﬁ:ﬂakm’lﬂ
wargdnnuiuludaidu 36% n1owadann
X X X a
MIWZLAE Bacillus gottheilii Twanvnsiaasibaii sl
a [ & o
ag,mﬂwma@ﬂlm:ﬂmm 40 1% [24] %aNINHEI

=1 =3 a a 1
Fuan1sdnudszaniniwnisdey aaululas
WARANWAR IWTWanLae Bacillus sp. strain 27 Las
Rhodococcus sp. strain 36 wuintninnngluda
1% 4.0% wae 6.4% a1us1aU [11] NIBWUIINT

1 a a A
dopaaunaganvaIuan sy laloaa 72 luns

&< Aa A a A a a o
nasasaRIidussdniawgadewIsuisuny
= ' & A A v ¢
msﬂnmmmauamﬂ‘[mvljmmﬂﬂmeywug

WuInawrinh wiag19bsAangInssndudaad
MIANIRNNITRI BT LNANNZRNG DM T DB FAE
WARANWOALWTN A muﬁamsﬁmimﬂ"ﬁmjwm

a a6 . A A a a '
983 (Consortium) tWaLWwLzENTAWIEaY

/A1 UWEI’]E‘T@TWI’N%’JIT]W@QVL‘]J
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MSANYAN BT NURIVIITUFEIUNARANNOR
ada s dw a A
IwsRawMeraInnmMIwIziRgsLuaisylalaea
T2 1 uszezian 30 7% muiﬁnﬁ”aagammﬁ
BANATOULULFEINTIA WUINWURIVBITUR I
a A, = ' L a A a
WARANTTaITeRNNTAN 14 REMIEE PR ER ALY
m’mLmn@mﬁuwmaﬁn‘tumsﬂﬂaaaqﬂmuquﬁ
. @ A a & a A < g
wuidsasiianueurasiui (Ui 2) niken
HDINNIINMNIL DU FA T UEIUNRNRANNAR IWIN
A A Ao v a o o
HYDILUAN SNV IAAANITU R unu L aIa N1 ke
é/ a o v a
PINBAIINNIIIslaTIgsIIneaNaslay
ﬁ'«aﬂﬁwamauvlsnﬁmn'«gﬁuﬂ%'ﬁ FINALRLAANNT

; . AP -
WU RIR NN UAIVDITUTIBNANEAN [5, 25]

31 2 ANHUNURITURIUNIRANNOR INTNA
(a) TAAILAN LAz (b) TANMINARRINAULANIGY
4 X g X
lolaaaT2 wWamnziaasluanmsiaesite BH
A )
N3282I8N 30 1%
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= S 1

3.3nvszydnaNwszasuuafiisafidasaans
HudwnanaanTRANaAlNINAR
misadenuuafiEuandetinznoudutienn
TuaninedsnTAgwIzRaIATay 187 WU
wuanSeleloae T2 waasdssdniniwnstey
FRUWAFANANLRAIINNTNLE 8910790
RB9Be BH Addusaunaradnwadlwsianly
szazamn 30 T4 unefiiFolalman T2 3neglunda
LUATISELNINLIN (Gram Positive) 3U39viauu1a
0.5-1.0 um tsaas niSuddanwidula ansdnen
snwarmaeTyuuemudanuilalailizlig
nNaY 2aVI38Y AIME NS USRI I 1l e
Lﬂ?ﬂmﬁmummmﬁaumauﬁagaéwé’uﬁmﬁia%@?
2898uuS1I0s 16S rRNA wuinuwuadi e laloae T2
fanulndifseny LLUﬂﬁL‘%ﬂmﬂw”uﬁ: Fictibacillus
phosphorivorans © 388 A A& 89T UNITEN 1A
ANUFURUEVOIE U S NSRRI LUATiSY
laloaa T2 fdrdunisvugnssnlndid vy
F. phosphorivorans 1agfi@1 Bootstrap \inny 97%
(3U 3)
HaaInNITNaaasluaI i uaaslszEnsaw
AMTHAUARDT WA IWNAIFAN NS IWTAALIN
wuAflTuEBWUE F. phosphorivorans il WASILTN
TaawuindAugeandadnuInIsuN189%
Weatudszdnsniwnisdausanssnslszney
lalasansuanaasuuafiise F. phosphorivorans i
WUINRIN1IDEBURAY Kerosene Waz Diesel L6
WINNTT 90% LHB99NUUAT IS BN TONAAENTAN
WIIAIAINIITIn N6 [26] INKANITN AR

ﬂ'ammim:qvlﬁdwLLUﬂﬁL%'ﬂVLaImLam T2 a3k
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T2 isolation
T2 solation |

., Fictibacillus phosphorivorans (HG999497.1)

9

Fictibacillus sp. (LC681830.1)

Bacillus sp. (MW362307.1)

91
"~ Bacillus cereus (NR 074540.1)

Escherichia coli (J01859.1)

0.01
dl a a s 6 a
31 3 wnupdanuFuNUSININUENTINT 8
a A Qs a A s 6 v A
wuafiselalmiae T2 AuuuefiGamenwus Indidss
laedl E. coli (J01859.1) 1w Outgroup

wNargAnwadlwINawld uunaInadsinwlaann
ANINARDILNIZLREIL D BT UIzuzLI87 30 7% L
¥ % gal N XA
2NAILALITE BH NUTUEIUWNSEAN NI7hL3h 391N
[ A o s ' 6 A
29fUsznauaiamITNINNaLRaIANTUaY [15] T4
130U b nuaiise lalaas T2 swasald

wansanwaslwsRaulumaasy e

4. s@yduaniInaaad
nansanEnluassfidnnnTIouasILIn
Lﬁmﬁ'uﬂi:?«wEmwmaumﬂﬁ{%sawﬁuﬁ:
F. phosphorivorans ﬁLLﬂﬂVL@Tmnmﬂauﬁuﬂaﬁw
MuluanINe1aITAYWITUATATE Y T8N
TWnNTE e RN TUEIUNAFANTRAN DR IWIRAN
WUIUUATILSEEINTORILATIZA BN TRALTIAIAD
N9TINININNNTANBI6283F Drop Collapse
Test Batdun1sUsziiunarusrnsnlung

dasganuansdsznavlalasaniy auﬁﬁqmauﬁ'@
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liazansii (Hdrophobic) luszeuidasdn
wonnitssld Anmenuamunsalumstosaans
Fudunanaanwed lwsAaulue A9 BH A
Siaunssen T wuintveinfmns lvesiudin
wangan A 10.25% (+ 0.006) NBHAIINNNTT
WZLE 891301 T U980 30 TH HAN1TNARBIEN
i ldgnislfyaunidlunidanisdyniniazas
29IVNARAN L weiaed lsAauaIsInIAn
SANNTH A I TBEIUNAFANWIBAAINTINY D
wlodiifoates w1y GURENCPSEQEINES |

a = va a a [ J
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Abstract: This research studies the assembly process of water purifiers for the R and U models, aiming
to determine standard times, improve the assembly process, design the standard working process, and
reduce ergonomic risks. Since the assembly of water purifiers uses employees mainly in production, it
can lead to worker fatigue. The results from the work and time study, determining the standard times,
and analyzing man-machine charts, revealed that the filter tube testing process consumed a significant
amount of time, and workers had idle time and engaged in unnecessary movements. To address these
issues, we utilized the 5W1H questioning technique to investigate the problem. Subsequently, we
applied the principles of ECRS and ergonomics to improve the process. This involved simplifying work
procedures, rearranging the work sequence, establishing new workstations, and designing equipment for
leak testing and timing. From the results, the standard time of each process was determined. The
improvements significantly reduced the time required for filter tube testing for both the R and U models,
reducing it from 514.97 seconds to 351.23 seconds, equivalent to a 31.8 percent decrease. Additionally,
the ergonomic risk assessment for working postures was reduced from a high-risk level to a medium-risk
level. Both the RULA and REBA scores decreased from 7 points to 4 points and from 10 points to 7

points, respectively.

Keywords: Production improvement; Method study; Standard time; ECRS; Ergonomics
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Abstract: This study investigates the shear behavior of reinforced concrete (RC) deep beams
strengthened with carbon fiber reinforced polymer (CFRP). The experiment was divided into two groups
of deep beams, which had a shear span to effective depth ratios (a/d ratios) of 1.00 and 2.00. In total,
six identical specimens with dimensions of 0.20 x 0.45 x 2.4 meters were applied by two techniques to
strengthen the RC deep beams: U-wrap and Fully wrap. Experimental results reveal that shear strength,
in terms of load carrying capacity of the beams strengthened by Fully wrap type CFRP was higher than
that of the beams strengthened by U-wrap type CFRP. The increase in the load carrying capacity
compared to the reference beam in Group 2 beams was greater than that in Group 1 beams, indicating
that the effectiveness of shear strengthening was evident when the beams had a/d ratio was high and it
was little effected when the beam was a low a/d ratio. As a result, when the beam has a lower a/d ratio,
the more concrete will play an important role in resisting high shear force as a result of Arch action
behavior. The shear force transfer consists of Compression strut and Tension tie. The most of shear

strength depended on the compressive strength of the concrete in the compression strut.

Keywords: RC Deep Beams; Shear Strengthening; Carbon Fiber Reinforced Polymer
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Abstract: Car vibrations are typically common, but it's crucial to determine the level of shaking that signifies a
potential threat to human health. In this research, the machine learning algorithm was employed to predict
potential failures in car suspension systems, with the goal of enhancing vehicle reliability and safety. A
combination of unsupervised and supervised machine learning algorithms is applied to classify data, isolate
outlier, and predict fault diagnosis outcomes in the simulation context with a dataset of a car suspension
system. In general, either unsupervised or supervised leaming techniques can contribute to a valuable
predictive maintenance when dealing with larger datasets in a car suspension system either usual or unusual
conditions. Therefore, the results may not cover unknow patterns within unusual conditions, such as high
amplitude sinusoidal and step road profile. In this research, a combination of unsupervised and supervised
learning techniques is proposed to identify car suspension issues caused by poorly maintained vehicles,
potentially impacting human health. The findings from the simulation indicate that a combination of
unsupervised and supervised machine learning algorithms can effectively classify fault diagnosis and isolate
unknow patterns for future training models. Moreover, the identification of non-groupable elements using a
combination of these learning techniques is illustrated through outlier detection on unknown patterns.
Therefore, the research results enable engineers to assess devices for maintenance and repair needs, aiming

to reduce or eliminate car vibrations, which can pose serious harm to human health.

Keywords: Car Suspension Systems; Machine Learning Algorithm; Predictive Maintenance; Supervised;

Unsupervised Learning Techniques
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1. Introduction

Several research studies have explored the
effects of whole-body vehicle vibrations on human
health over the last few decades. Furthermore,
based on a study by the Land Transportation Safety
and Health Association in Japan 2022 [1], there has
been a rise in occupational accidents involving
workers in the road transportation industry falling
from heights during loading and unloading activities
after driving. The data reveals that in Japan, more
than 10,000 work-related accidents occur annually
in cargo-handling operations, constituting 10% of all
occupational accidents. As, the causes of car
vibration can be harmful to human health, leading to
issues such as motion sickness, lower back pain,
stomach and digestive conditions, and so on.
According to the study by Junya Tatsuno and
Setsuo Maedo in 2023 [2], which investigated the
effects of whole-body vibration exposure in vehicles,
car vibrations were found to be linked to health
problems, including back pain, sciatica, digestive
disorders, genitourinary problems, and hearing
damage. As the positive effects of car vibrations
have drawn the attention of researchers in the
medical field, there have consequently been
reported experiments investigating the effects of
vibration on car suspension. For example, Sedeh
and Keivan’s research in 2006 [3] employed a car

model with an active suspension system to assist in

controlling and achieving a smooth ride, optimizing

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.012

and amplitude, and minimizing variations in car

acceleration. Similarly, Ufuk Kirbas (2022) [4]
conducted a study on the effects of car speeds on
manholes cover, exploring the impact on vibrations
and the potential to cause discomfort and affect
human health. The research results found that
whole body vibration is not adversely affected by
the human body according to the vibration dose
value scale defined in the standard. However, it can
be influenced at various ride speeds with depths of
7.5 cm and above in 50 passes. Hence, while
previous experimental studies have applied various
techniques to minimize the potentially dangerous
effects of vibrations on a vehicle suspension,
machine learning (ML) emerges as another
important tool that can be used to assess and
predict variations in car suspension that can impact
human health. Researchers have shown how
machine learning has had a deeply impact for
predictive and detection purposes in different
contexts. For example, Yorulmus, Bahadir, and
Bolat [5] employed machine learning algorithm to
predict brake quality defects in the automobile
industry during quality inspection operations. The
study found that two specific machine learning
models, Gradient Boost and CatBoost algorithms,
provided the most significant benefits for detecting
the correlation between quality control data and
customer complaints. Kong G, Lin K, and Hu Y [6]
tools  for

developed machine learning-based
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accuracy prediction about the risk number of
patients’ death with sepsis in intensive care units
(ICUs). The medical information for intensive care
consisting of medical records such as heart rate,
systolic blood pressure, diastolic blood pressure,
and so on from 86 predictor variables was used as
a primary data source. The work of these
researchers [7] also serves as another example of
applying machine learning-based approaches to
predict maintenance in health care sector. Various
machine learning techniques were employed,
including supervised and unsupervised learning, to
develop precise predictive models for IloT
maintenance in healthcare. These models were
trained using historical data to establish the

relationship  between sensors readings and

maintenance events. The models can also
differentiate between various stages or severity
levels of a diabetic retinopathy as evidenced by the
increased classification accuracy. Theissler et al. [8]
has conducted a study with the aim of reviewing
papers to explore the use of four main types of
machine learmning. For example, studies of Wang
and Yin [9], Yin and Huang [10], Ying Wang et al
[11] and Safavi S et al. [12] focus on fault detection
and isolation for vehicle suspensions systems using
a clustering-based method.

The main contribution of the research work is
twofold. Firstly, a car suspension system model was

built, incorporating simulation datasets for both the

ISSN (online): 2697-5548
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front and rear suspensions. The model was then
simulated to generate various virtual measurements
corresponding to different types of faults. Second, a
combination of unsupervised and supervised
machine learning techniques was proposed for
detecting anomalies as high amplitude sinusoidal
and step road profile in car suspension systems.
Simulations have been conducted with propose a
combination of these learning techniques to classify
data, isolate outlier, and predict fault diagnosis
outcomes in a full car suspension model. Moreover,
these models are not only applicable for training
datasets but also testing with new different types of

fault diagnosis.

2. Human Health and Car Vibration
2.1 Effects of Car Vibration on Human Health
Several studies have shown the positive impact
of car vibrations on human safety and health. For
example, Sitnik, Magdziak-Tokowicz, Wrobel, and
Kardasz [13] investigated vehicle vibration’s impact
on human health and found that both vibrations and
noise may lead to harmful effects, including balance
disorder or motion sickness, neck, and occiput area
pain. Similar to the research conducted by Tatsuno
and Maeda [2], the study examined the impact of
whole-body vibration exposure during vehicle rides,
revealing potential health problems such as back
pain, sciatica, digestive, disorders, genitourinary

problems, and hearing damage.
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2.2 Automobile Suspension Model
In this study, the utilized non-linear full vehicle

model [14],[15] is comprised of seven degrees of

freedom shown in Fig. 1

Fig. 1 Car suspension model

F and F, denote the forces generated by
the nonlinear stiffening spring and the piece-wise
linear damper, respectively, which can be
calculated using Eq. (1) and (2), where i is 1 to 4

[9]. These equations are:

Fy = k(8y,) + ky(dy)® (1)
. by Ay, A, > 0 "
4 bCiA}']i" A}'/i, S 0

where, k; is the linear stiffness coefficient and k,,; is
the nonlinear stiffness coefficient; b,; and b, are
the extension movement and the compression
movement damping coefficients, respectively; Ayi
denotes the suspension deflections and Ay;
the

denotes the deflection velocity. Through

utilization of Lagrange equations, one can employ

ISSN (online): 2697-5548
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the subsequent nonlinear motion equations to depict

the complete car suspension model as follow:

My + 3 Fa + Zici Fa = Zisa fi (3)
) A
1,6 + cos6 [az Fy + bz Fyl =
af, + £) —izzi(fg R - @
a4 £)—clr+£)  ®
My, = Fg = Fy + ka(y, =v0) =—f, ©)
myy, = Fay — Fo + ke(y, = v,,) = =f, (7)
May, = Fa3 — Fog + ks(y, = v03) = —f5  (8)
My, = Far — Fou + ka(v, = v,,) = =f, ()

Here, M represents the mass of the car body,
while I, and I, denote the rotary inertias for the

roll motion and the pitch motion, respectively.

Moreover, the variables are defined as:

Yi
represents the unsprung mass displacement, Yo
is the road input, 8 and ¢ represent the pitch and

roll  motions, respectively. m; denotes the

unsprung mass, k,; is the stiffness of the tire, and
fi corresponds to the force generated by the
corresponding actuator. a, b, ¢, and d represent
the corresponding distances from the suspension

to the mass center of the car body.
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3. Related Algorithm

Machine learing algorithms can be divided into
four categories according to the purpose and the
main categories. First, the supervised learning relies
on labeled training data to learn patterns and make
predictions on new or unseen data which commonly
used for classification and regression. Secondly, the
unsupervised learning involves in finding patterns
and structures in data without explicit labelling or
targeting outcomes which commonly used for tasks
and

such as clustering, anomaly detection,

dimensionality  reduction.  Thirdly, the semi-
supervised learning is a combination of both labeled
and unlabeled data during the training process
which  commonly used in various real-world
applications. Lastly, Reinforcement learning is a
form of machine learning that focuses on learning

by trial and error.

3.1 PCA algorithm

The Principal Component Analysis (PCA), which
is one of the earliest methods based on data, is
capable of efficiently transforming measurements
into a lower-dimensional space of principal
components and capturing the variabilities within the
data. Let's assume that XeRV*™ denotes a dataset

obtained through measurements.

T

X1 X11 X12 X1m

T X21 X2 Xom
x=|%2="" 7 : (10)

x{, XN1  Xn2 XNm
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In this context, where x;,i=12,..N
represents a single sample, N represents the
number of samples, and m represents the number
of variables. It is generally necessary to preprocess
the measurements X by performing zero mean
visualization and unit variance processing. The
matrix X° has been adjusted to have zero mean
and unit variance. The Singular Value
Decomposition (SVD) algorithm is employed to
process the covariance matrix of X°. The matrix X°

can be expressed in the following manner:

z

X=T1PT +%

(11)

Where X represents the residual subspace,
while TeRN*# and PeRN*F represent the score

matrix and the loading matrix, respectively.

3.2 K-means algorithm
The K-means algorithm [16], [17] is used for
clustering data without expert guidance using an
unsupervised approach. The main purpose is to
extract information from the data automatically. Data
points within the same group, referred to as a
cluster, are closer to each other than to points in
other clusters, based on a criterion of similarity or
dissimilarity. Each data point is assigned to a cluster
when it is located close to the cluster's centroid or
center of gravity.
Where (x4, ...,x,) are the dataset. I" is the
classification distance criterion, which measures the

distance between a specific data point and the
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centers of the established classes. C =
(cg, ..., cpy) represent the collection of class centers,
and G = (g4, ..., gn) represent the set of clusters.
The criterion I' is the sum of Euclidean distances
between each data point and the center of the

nearest class.

I'(C,6) = k=1 i1 Gur llxi — cll? (12)

9, is a binary variable equal to 1 if the
cluster of the indexed data is k and 0
Otherwise, the Euclidean distance is determined

by the following definition.

d(xg, c) = llx; — cll? = /Z?:l(xij - Ck)z (13)

3.3 ANN algorithm

Artificial Neural Networks (ANNs) aim to emulate
natural brains and demonstrate remarkable
capabilities in data processing and leaming. The
basic building block of a neural network, known as
a neuron, functions as a processing unit with
multiple inputs and a single output. Fig. 2 illustrates
a multilayer neural network consisting of multiple
layers of neurons, typically three layers [18] (an
input layer that receives signals from a specific
source, a hidden layer that processes the data, and
an output layer that transmits the processed data
externally). Therefore, the network results are
calculated with a continuous function G(x) that can

be represented as

G(x) =Wa(Vx + b) + e(x) (14)
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e
< ,“\ =
NSRS

Input Layer Hidden Layer Output Layer

Fig. 2 Neural Network layers

In this context, the input vector is represented as
x, while V and W denote the weight matrices for the
hidden layers and output layer, respectively. The
hidden layer utilizes an activation function, often a
sigmoidal or RELU function denoted as o(.). The
threshold is denoted as b. e(x) represents the
bounded approximation error of the neural network.
During the error backpropagation training procedure,
the feed-forward phase involves presenting an input
pattern x to the network and generating a response
y in the layers. In training mode, the error of the
output layer (”y i y” where y 4 is the desired
output) is propagated back to the input layer of the
network. The weights are adjusted using the
steepest descent gradient method. The updating
rules described in Eq. (15) and Eq. (16) are used to
modify the weights of the output and hidden layers

in order to discretize the output error.

. dE
W= -1, (15)

. OE
V=-n,CD0 (16)
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The learning rates, n, and 7,, are chosen by
the designer. The output errors are denoted as
T
— 1
Ez(QEE'desz—y.ﬁeummm

rules can be simplified to the following equations:

W= —nla(VTx) ET
V=-n, (@WE)"

(17)
(18)

Where o, represents the derivative of the
activation function of the hidden layer, denoted as
o(.). The introduction and utilization of the
Rectified Linear Unit () activation function
addresses the issue of "vanishing and exploding
gradients" encountered in the sigmoid functions.

RelLU as follows.

xif x>0

0ifx <0 (19)

ReLU(x) = {

The ReLU formula shows that if the input X is
less than 0, the output is equal to 0; if the input X

is greater than 0, the output is equal to the input.

4. Research Methods

Chamseddine and Noura [19] revealed that the
vehicle suspension faults involve the reduction or
alteration of suspension component functions, such
as changes in the spring or damper coefficients.
Table 1 provides a comprehensive summary of all
the parameter values pertaining to the full car
[10]. The research focuses

suspension on

simulating spring damage to the vehicle suspension
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regarding the assumption of an usual road with
amplitude of 5 mm. The simulation scenarios
including four categories with various coefficient
reductions are employed as shown in Table 2 that

used in the research paper study.

Table 1 Parameters of the full car suspension model

PARAMETERS

Vehicle body mass

M = 1000 kg

Front wheels unsprung mass

my; =m, =25kg

Rear wheels unsprung mass

mz =m, =45 kg

Pitch motion rotary inertia I, =550 kg m*
I, = 1848 kg m*
Front and Rear wheels linear ki_k,
= 15000 N s/m
stiffness coefficient ki_k,

=17000 N s/m

Front and Rear wheels nonlinear kyi-ky,
] o = 15000 N s/m3

stiffness coefficient Kpz_kons
= 17000 N s/m3

Positive and Negative damping

coefficient

b = 1500 N s/m
b = 1000 N s/m

Stiffness of tires

kg (i=1,234)
= 250000 N s/m

Distance

a=1.2,b=1.4,c=
0.7,d = 0.8 (m)

Vehicle velocity

V=10m/s

Table2 Simulation scenarios

Categories Spring Coefficient
Reduction (%)
Good 10%-30%
Usual 40%-50%
Fail 60%-80%

Fail high (Severe)

90%-100%

The Journal of Industrial Technology (2024) volume 20, issue 1

177

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

-

UNAMNITY

5. Research Simulation

The acceleration data obtained from the left front
wheel suspension is studied and the car parameters
are used from Table 1. The event occurs at the 20-
second mark, with the spring coefficient reductions
starting from 10% up to 100% for every 2%
increment, at a sampling frequency of 100 Hz. At
every increment value of spring reductions, the
simulation generates for 2000 data points with the
time consumption of 20 s. The fault scenario in the
spring coefficient is ranged from 60% to 100%

reduction.

5.1 Fault Detection
consists of cluster and

First,

Fault detection

classification data. data preparation and
K-Means Clustering were used to cluster the
acceleration data obtained from simulation. Second,
data preparation and Atrtificial Neural Network (ANN)
were applied to classify all acceleration data and
then the categories were labeled as following:

Good, Usual, Fail, Fail high.

5.2 Data Preparation:

The acceleration data from research simulation
section were analyzed the standardize using mean
and standard deviation; then the standardized data
were performed using the Principal Component
Analysis (PCA). K-Means clustering was applied to

categorize data into clusters.
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5.3 K-Means Clustering:

The K-Means algorithm was used to group the
data into four clusters by aligning the number of
simulation categories (K = 4) and calculate its
membership values based on the similarity of the
extracted features. The K-Means algorithm is
configured with the following parameters. The
distance metric utilizes the squared Euclidean
distance, one replicate is employed, a singleton
action is applied for the empty cluster action, and
the maximum number of iterations are set as 100.
Each cluster represents a distinct pattern of
acceleration measurements associated with a
specific level of suspension damage. The algorithm
provides the different types and levels of damage

as shown in Table 3 and Fig. 3.

Table 3 Spring reduction clusters acceleration

data using the K-Means Clustering

Spring o Centroid points
o <
Reduction & £ _
2 38
(%) 5 E ~  Mean Stdv. PCA
=
2.65 1.68282 -5.2803
0%-40% 3 41.17
x10°® 07 x102  x10°®
3.62 1.67759 -4.038
43%-65% 2 29.41
x10® 19 x1072 x10
4.69 1.67508 5.65447
68%-80% 1 17.64
x10® 05x102  x10®
5.66 1.67736 11.0090
83%-90% 4 11.76
x10® 12 x1072 9x1073
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Each centroid point represents the main
suspension characteristic of its cluster. However, the
differences between the centroid points reflect the
variations in the level of fault in each group.
Therefore, the centroid points obtained from the K-
Means Clustering process will be useful for
understanding the distinct fault diagnosis outcomes
in a spring pattern in the suspension system based

on the grouped accelerometer data.

5.4 Artificial Neural Network (ANN)

After extract feature process, the acceleration
data were labeled into each category as shown in
Table 2. The data were used to train the ANN
classification model to better classify the datasets
which used to predict the new acceleration data.
The ANN has the

classification = model

hyperparameter values as follows:

® The network consists of two hidden layers,
where the first layer has 20 and the

second layer has 10.

The Rectified Linear Unit (ReLU) was
applied as the activation functions to both

layers with the iteration limit of 1000.

The cross-validation datasets were chosen to
verify the machine learning model from 5% of
total dataset; these validation datasets are not
part of the training data. Thus, this training model
accuracy of results at 97.1%.

gives an

A confusion matrix was employed to evaluate the
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Fig. 3 Four clusters acceleration data using the

K-Means Clustering
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Predicted Class

Fail Fail high Good Usual

Fig. 4 Confusion matrix trained in ANN model

model's performance in identifying fault

categories of car suspension as shown in Fig. 4.
The model can predict and perform well for all
suspension outcomes. However, only Fail high
high

datasets are predicted 88.9% in Fail

category and 11.1% in Fail category.
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5.5Road Profiles Simulation

In this section, usual and unusual road profiles
are explored. The road profile is assumed to be the
sinusoidal form. According to Mohammed H.U.
Bhuiyan [20], the drowsiness is most effectively
induced by low frequency whole-body vibration,
which is less than 10 Hz. Also, Nurkan Yagiz [14]
presented the control of a vehicle active suspension
for the road profiles with amplitudes from 5 to 30 mm.

The unusual road profiles consist of high

amplitude sinusoidal and step road profile as shown

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.04.012

in Fig.5. These road profile variations are frequently
observed in real-world situations.

Whereas “a” defines as 5-mm amplitude road
profile “b” defines as 15-mm sinusoidal road profile;
“c” defines as 1-cm step up road profile; and “d”
defines as 1-cm step down road profile. A step-up
road typically refers to a road that suddenly
transitions from a lower elevation to a higher
elevation while a step-down road profile denotes a

road that undergoes an abrupt transiton from a

higher, creating a sudden change in slope.

%10 %107
5 15
—4 —
= =10
£ ° <
= %) (=3
k 2 S
1
0 0
0 5 10 15 20 0 5 10 15 20
TIME (s) TIME (s)
(a) 5 mm amplitude (b) High amplitude
1 0
s =
c o
< 0.5 = -0.5
a- et
8 8
0 -1
0 5 10 15 20 0 5 10 15 20
TIME (5) TIME (S)
(c) Step-up (d) Step-down

Fig. 5 Road profiles
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6. Results

For car suspension purposes, all new datasets
for both usual and unusual road profiles were
examined. All conditions of road profiles are
explored including usual road with amplitude of 5
mm, 15-mm sinusoidal road profile, 1-cm step up
road profile, and 1-cm step down road profile with
spring reduction of 30% (good) and 100% (Fail
high). Table 4 shows the results of car suspension
prediction by using ANN model. As seen from
Table 4, it can be concluded that the model
provides accurate predictions for usual road profiles
but struggles to predict correctly under unusual road
profile conditions.

In order to predict unusual road profiles, each
dataset was plotted alongside the clusters using the

K-Means Clustering model. In Figure 6 (B, C, D),

ISSN (online): 2697-5548
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it is apparent that the unusual datasets do not align
neatly with the clusters, classifying them as outliers.

Then, the distances between the outliers and
centroids of all clusters were calculated as shown in
Table 5. The boundary for the entire dataset will be
calculated and established by utilizing the farthest
member dataset. Each dataset from the cluster has
its distance value. The simulation demonstrates that
if a dataset's distance of each spring reduction (%)
for any road profiles falls outside the established
boundary, the data will be identified as an outlier
and prediction may not be reliable. As shown in
Table 5, in the case of 15-mm sinusoidal, 1-cm
step-up, and 1-cm step-down road profiles, all
distance values exceed the established boundaries,
the fault car

resulting in outlier data. Thus,

suspension cannot be predicted.

Table 4 Fault car suspension prediction for each road profiles

Dataset Road Profiles Spring Reduction (%) Prediction
Set-1 5-mm Sinusoidal 30 Good
Set-2 5-mm Sinusoidal 100 Fail high
Set-3 High amplitude sinusoidal 30 Fail high
Set-4 High amplitude sinusoidal 100 Good
Set-5 1-cm Step-up 30 Fail high
Set-6 1-cm Step-up 100 Fail high
Set-7 1-cm Step-down 30 Good
Set-8 1-cm Step-down 100 Good
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Fig. 6 shows the dataset falls inside and outside the cluster

7. Discussion and Conclusions

As the car suspension is a crucial component
that significantly impacts both vibration and overall
car performance. Excessive car vibrations can have
various effects on humans. Although the vibrations
are not considered harmful in the short term,
prolonged exposure to vibrations can lead to health
issues, such as discomfort and fatigue, muscle

strain, impact on the spine, and so on. Moreover,

numerous human health issues, such as low back

pain and musculoskeletal disorders, can be
attributed to the whole-body vibrations induced by
the car vibrations. When vibrations are transmitted
to the driver through a contact surface, they can
pose a potential risk, contributing to musculoskeletal

diseases and Fard,

joint pain. Bhuiyan, and
Robinson [21] investigated the interrelationships
between the various components of whole-body
vibration, physiological and cognitive parameters

leading to driver drowsiness, as well as the effects
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Table 5 Distance between the outliers and centroids

Spring -
Road . 2 .
P Reductio 5 Boundary Distance
n (%)
1 0.0025462 0.00160
2 0.00279005  0.00445
% 3 0.00205699  0.00933
5-mm 4 0.00204542  0.00695
Sinusoidal 1 0.0025462 0.01198
o 2 0.00279005  0.00592
3 0.00205699  0.00105
4 0.00204542  0.01733
1 0.0025462 608.985
2 0.00279005 608.991
%0 3 0.00205699  608.996
1-cm 4 0.00204542  608.979
Step-up 1 0.0025462 611.396
2 0.00279005 611.402
100 3 0.00205699  611.407
4 0.00204542  611.390
1 0.00254620  0.03874
2 0.00279005 0.04201
% 3 0.00205698  0.04503
15-mm 4 0.00204542  0.03641
Sinusoidal 1 0.00254620 0.0451
2 0.00279005  0.04127
100 3 0.00205698  0.03857
4 0.00204542  0.04883
1 0.00254620  565.651
2 0.00279005 565.645
%0 3 0.00205698 565.64
;tz: 4 000204542 565656
down 1 0.00254620  567.481
2 0.00279005 567.475
100 3 0.00205698 567.47
4 0.00204542  567.487
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of vibration parameters, including frequency,
amplitude, waveform, and duration of the vibration.
The paper found that a data link exists between
whole-body vibration and driver drowsiness.

Hence, there is a need for research to identify
methods for minimizing or predicting car vibrations
before they occur. Therefore, a thorough
examination of a comprehensive car suspension
model conducted, and fault

was diagnosis

outcomes related to road profiles and spring
reductions were identified to ensure the functional
safety and long-term reliability of vehicle throughout
their operational lifespan. The results showed that
the model is equipped to effectively detect and
isolate unfamiliar patterns in car suspension faults
through the utilization of both unsupervised and
supervised machine learning algorithms. This
simulation results in decreased errors and time,
the accuracy of

while concurrently improving

predictive outcomes. As a result, drivers can
perform car maintenance to prevent the occurrence
of detrimental vibrations. Moreover, all obtained
results demonstrate that utilizing a combination of
unsupervised and supervised machine learning
algorithms is very effective and can be used to
improve outcomes in car suspension. Future work
will focus on further enhancing these values and
elevating the performance of the model by exploring
additional health studies related to vibration induced

effects in other sports, such as cycling.
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Abstract: This research aims to design and develop a pallet nailing machine by applying the qualitative
function distribution (QFD) technique to analyse user requirements and utilising engineering design principles
as a guideline for modeling the prototype pallet nailing machine for pallet production. From the study of the
wood pallet manufacturing process of the sample companies that produce and distribute pallets in various
sizes, we found that it took manual labour 7 minutes to assemble one wooden pallet. Therefore, QFD is used
to analyse the demand for pallet-nailing machine machines. From QFD analysis, it can be concluded that the
important requirements for the machine are easy to assemble and install, reasonable shape and size, and
efficient operation. Then this information can be used to build a quality pallet house, revealing the technical
details of the pallet nailing machine. As a result, these technical details help the research team to gain the
specifications for the design and development of the prototype pallet nailing machine based on engineering
principles. When testing the performance of the prototype pallet nailing machine by using an air pressure of
5 bar to shoot 1.5-inch nails to 36 positions, 2 nails per one sheet, totaling 72 positions, it took 5 minutes to

assemble 1 pallet, which achieved research objectives.

Keywords: Pallet shooting machine; Wood pallet products; Product design; Qualitative function

distribution techniques
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Abstract: This research focuses on studying the effectiveness of carbon fiber reinforcement in increasing
the strength of the floor structure of the bridge over the Canal Phrae Kluang, Samut Songkhram
Province. Due to the prolonged use of the bridge, an inspection and evaluation of the load-bearing
capacity of the bridge were conducted through quasi-static load tests. The results of the structural
strength assessment were used in the design of structural reinforcement using Carbon Fiber Reinforced
Polymers (CFRP). From the results of the reinforcement with the installation of two layers of CFRP, it
was found that the reinforcement could reduce the levels of stress and deformation in the middle area of
the bridge floor by 4.33% for stress and 3.68% for deformation. This demonstrates that CFRP
reinforcement can help in reducing the levels of stress and deformation caused by increased load, and
from the assessment of the moment capacity in the upper bridge structure using the LRFR method, both
at the Inventory and Operation levels, it was found that after reinforcement with CFRP, the bridge can
withstand an increased load capacity by 35%. This indicates that the bridge can still handle an

increased load without experiencing failure and can be used safely.

Keywords: Bridge Load Test; Carbon Fiber Reinforced Polymer; Strengthening
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Name

Sensor

Specifications

Strain gauge

Gauge length: -2000 to +2000 micro

strain

Displacement sensor

Accelerometer

Data Logger

3. WAMINAEDY
sl,um'smaaumﬁuﬁmﬁfﬂminﬂma\ﬂmqaﬁn
FENIUA DRI NLATHAIFINANAINI8A1TUaU N
wash lavinmmaseuluan1izaiia (Static Load
Test) lna1uidaitldvinn1sfiaas (LVDT) Wi e
A773TAAINIIUE WA UAAAGY strain gauge (SG)
N BATINIAAINITE ANAAIN AN DIATUREWIY Lag
A o ' A & & o o A
fidumbinisfaasgUnintariaiaduaaslugui 4
TasdmIatruadunIsMIaRauwnvassnaanide 2
gaanadnin lunsnaseuitldinusmnsiia
3LNAN 6 88 819 10 LE1 311U 2 A% AILRAILU
A Xad o A
3UN 5 T,@mnuss‘qﬂlumimaauuum%ummzJ
Uszunm 25 audadn lun1s3dpiildldsnusmn
2 A .afaufinianniuni 2 gaans lagllreanya
A Ao ' ' o A [y
handuniidg 9 a93Un 5 R TMLITCSIE A
1 F29ANLIFENS LaslumIagaunIdiiazd
NRINUTIMNUBEZAUNNNED AU NJunIHN

uaadaanislanuan Nﬁiﬂluﬂﬁ‘ﬁ’ﬂfﬂ%ﬁﬂﬂiiﬂ n
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Integrated 3-axis high performance
accelerometer

Adjustable input range: 8G

Wireless Sensor
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Truck Properties

W1 =5 ton
W2 =10 ton
W3 =10 ton

Truck Dimension

A=200m
B =4.00 m
C=130m
D=185m
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Abstract: Bridges are critical and valuable compone d and rail transportation network.

Therefore, bridge remediation has always for asset managers and engineers.
However, long-term use of bridge structure | oration. Therefore, bridge inspection and
bridge maintenance are needed to efficiency of bridge serviceability and safety.
Developed countries like Japan an ered more deteriorated bridges due to old age or
long use. As a result, both

Thailand and Indonesia, a untries, are still developing their own manual to support
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