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ABSTRACT

This research investigates and compares variations in grounding electrode characteristics affecting
soil resistance values, utilizing geological data from Buriram Province. The study area is characterized by
plateaus and volcanic terrain. Three distinct areas with varying soil conditions are consists: Prakhon Chai
District, Mueang Buriram District, and Khu Mueang District, were selected for experimentation to ascertain
soil resistance values correlated with geological features. The study involved measuring the resistance of
rods and plates of different dimensions. Results indicate that employing a copper bar ground stake with a
diameter of 14.20 millimeters and a length of 240 centimeters yielded the lowest soil resistance values in
Prakhon Chai District is 6.43 ohms, followed by Mueang Buriram District is 7.18 ohms, and the highest value
was observed in Khu Mueang District is 353 ohms. Similarly, burying a copper sheet is 30x30 square
centimeters to a depth of 150 centimeters revealed varying soil resistivity values: Prakhon Chai District is
10.3 ohms, Mueang Buriram District is 12.5 ohms, and Khu Mueang District is 368 ohms. Soil classification
tests identified sandy clay soil with high soil moisture content in Prakhon Chai District and Mueang Buriram
District, resulting in low soil resistance and efficient electric current conduction. Conversely, Khu Mueang
District exhibited sandy soil mixed with silt, facilitating easy water permeation and consequently yielding

the highest soil resistance value.
Keyword: Grounding, grounding electrode, soil resistivity, soil classification.
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CU = D60/D10

Fulszavdannulas
Coefficient of Concavity : Cc 1.185 1.139 0.576
CC = D302/(D10XD60)
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misldusauaunugiuesesdnsuuuiwnluifuazinisinaienisedauuunisivaiiazdu (One piece flow)

A - o wy a & v o v v o
wazhuulirailias Job shop) iesanagtudalianunsondatuauliiunuanudesnisvesgndn asiuly

a o dgld Y o [J 6 v a s v 1 a L3 [

mAdeldsldinisdassanunisalmeasuinnesidiungielunsiesziniuuamnanisusulge Taenis
Usuugaaneniswdniesiinisldisnisusuawinden, 3Fnsdndrduauidnaididunisdesganeulay
a Na & Y o w a @ Yoo ' S Y v o
fsananandnidudedndna, nsiiunsneins wagn1slgian1sene o Ana1I79eus AUy NNITNAa8Y
WIS Hmnauuaziivsednsmugefon1susurumdenuaznsinaidunuiidnaidniunsdeuganeu
sy i lanensudsiesaunsaiudnsnandnla 37.30% A1nsldessauszlevivoaminauiudy

15.42% A1N15b59550U5E ev0BATDIINTANTY 15.41% FevlruseanSawanensnaniudy 6.86%

AdRey: N1sTaesanunsaliereuines msususeunisiva Senvuwndn nguidesiin

ABSTRACT
This research aims to find ways to smooth the flow of the production line, which produces 11
product groups of gears that involve both manual labor and semi-automatic machinery and have the
production line with one-piece flow and job shop configurations. Currently, this production line cannot
meet customer demand. Therefore, computer simulation was used to assist in the analysis of the
improvement methods. The improvement of the gear production line involved adjusting batch sizes,
prioritizing jobs with the Shortest Processing Time (SPT) considering the bottleneck stations, increasing

resources, and employing various methods together. Experimental results showed that the most
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effective methods were adjusting batch sizes and prioritizing jobs with SPT together, resulting in a

37.30% increase in gear production rate, a 15.42% and 15.41% increase in employee and machine

utilizations, leading to an improvement in production line efficiency 6.86%.

Keyword: Computer simulation, flow smoothing, small lot, theory of constraint.
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6 67 3 334.97 241.80
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9 1,240 52 165.23 119.28
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11 59 3 333.79 | 240.95
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TU) VoA | UDIUDYA
Inverse
Tnangu . . Inverse
_ 10.18 WU WU Weibull (9,
LULATDY Weibull
2.16, 1.25)
AILUIUNT
- Lathe
ARIFUINU
1 CNC1 92.20 - - - 92.20
(Lathe CNC .
19U
1)
anau Johnson SB
, , Johnson
29N31N 8.27 WU WU (6, 3.89, -
, SB
L4 0.505, 0.536)
Inverse
Tnanau . . Inverse
v 4 12.43 WU WU Weibull (11,
LULATDY Weibull
AILUIUNNT 3.96, 0.892)
NATUY | Lathe CNC
2 . 57.53 - - - 57.53
(Lathe CNC 2 NN9Y
2) Tnanau
. . Loglogistic
991N 27.63 NIY WY Loglogistic
“ (24, 4.2, 3.36)
LAY
Tranau , ‘ Weibull (7,
v 9.09 N NI Weibull
LULATDY 2.28, 2.41)
Broaching
ASLUIUNNT
v machine 26.37 - - - 26.37
3 LR1ETUINY .
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LULATDY
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ATTUIUNTT Shaper
4 | fedunu | machine | 231.83 - - - 231.83
(Shaper1) YIN9U
Tvanau
. . Triangular (17,
29NN 21.00 WY WN1U Triangular
y 25.2, 21.4)
PN
Tnaneu , , Triangular (5,
o 7.45 WU NU Triangular
LAY 9.98, 7.16)
ASEUIUNTS | Chamferi
finvau ng
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) aneu
, . Weibull (11,
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LAY 3.59, 2.82)
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ATLUIUNNT
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%33R 2045 <- | 16.05<21.21 <
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. _ . .| neuns nasmsUTuUs
nmsiana | winsd . . . . . . .
USUUT | WUUT 2| wuudl 3] WUudl 4| wuuil 5| WUudl 6| Wuudl 7| wuud 8
1 1,660 2,280 2,800 2,280 2,280 2,280 2,280 2,280
2 870 480 533 593 1,080 1,099 534 1,080
3 570 800 800 800 800 800 800 800
a4 290 420 420 420 420 420 420 420
. 5 50 70 70 70 70 70 70 70
:‘GWU’J:J 3 6 50 58 70 0 70 56 70 70
ﬂjuq;umim 7 3,100 4,300 4,079 4,300 4,300 4,300 4,300 4,300
@ 8 2,500 3,480 3,480 3,480 3,480 3,480 3,480 3,480
9 900 1,240 1,240 1,240 1,240 1,240 1,240 1,240
10 120 150 150 150 150 150 150 150
11 50 60 60 60 60 60 60 60
571 10,160 | 13,338 | 13,702 | 13,393 | 13,950 | 13,955 | 13,404 | 13,950
M7 6 My TNALIMImMAINTUSUUSS
. nauns naamsuTulse
QRERGING! . . . . . . .
USUUSY | WU 2 | Wuudl 3 | WUUN 4 | WUU?l 5| Wuudl 6| wuudl 7| wuud 8
SRTINANER (‘%‘LJ/%JJ/ 6.61 6.79 6.64 6.92 6.92 6.64 6.92
Al) >0 (+31.15)| (+34.72) | (+31.75)|(+37.30) |(+37.30) |(+31.75)|(+37.30)
a3snuselev 4556 | 44.95 | 50.82 | 4652 | 57.87 | 51.82 | 59.96
\A3093ns (%) 02t (+13.03)| (+11.51) | (+26.08)|(+15.41) |(+43.57) |(+28.56)|(+48.75)
o5350UsEloininay 24.30 24.03 30.50 | 24.82 34.72 31.11 | 3598
(%) 2150 (+13.01)| (+11.77) | (+41.86)|(+15.42) |(+61.48) |(+44.66)|(+67.32)
s AvEATI (96) 6512 66.38 65.02 68.58 | 67.45 70.61 69.39 | 71.83
(+5.16) | (+3.01) | (+8.65) | (+6.86) |(+11.87) | (+9.93) |(+13.80)
139199 UENIAT 2 3 3 1 1 3 1
() ° (-60.00) |(-40.00) | (-40.00) | (-80.00) |(-80.00) [(-40.00) |(-80.00)

Fuavluandumnedis (+fe % MiuTunneudiulss, - Ae% Nanasanneuusuus)
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A1597 7 HAN1TILATIET ANOVA
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Source DF Adj SS Adj MS F-Value P-Value
Solution 7 176483 25211.8 902619.58 0.000
Error 232 6 0.026
Total 239 176489
One-way ANOVA: response versus level

Grouping Information Using the Tukey Method and 95% Confidence

level N Mean Grouping

1 30 596.984 A

7 30 550.112 B

- 30 550.078 B

3 30 549.732 C

2 30 543.595 D

5 30 514.552

8 30 514.527

6 30 507.836 F

Means that do not share a letter are significantly different.

JUN 4 wansiSeuiisudadeulagds Tukey

NARINMI519 ANOVA wutneiedeniandililunis
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ABSTRACT
Currently, the distribution of air through duct systems in large buildings commonly uses
galvanized steel sheet ducts, which deliver air into the conditioned space using air diffusers. However,
it has been observed that galvanized steel sheet ducts are expensive, difficult to install, and experience
air pressure within the ducts during air delivery. Furthermore, using air diffusers does not provide
uniform air distribution across the conditioned space, as the air diffusers can only deliver air to specific

spots, leading to areas with insufficient airflow. As a result, the modern alternative is the use of polyester
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fabric ducts coated with PVC acrylic. These ducts distribute air through permeation or through holes in
the duct, allowing air to be spread evenly across the conditioned space. This offers a potential design
solution. This research presents an air distribution model using polyester fabric ducts coated with PVC
acrylic, using a case study of an exhibition building with an air conditioning system. The study applies
computational fluid dynamics to simulate the air distribution through three types of perforated ducts:
air distribution through holes of fixed size (with no heat load), air distribution through porous holes
(with no heat load), and air distribution through porous holes along the entire length of the duct (with
heat load).The results indicate that the polyester fabric duct coated with PVC acrylic, in the third
configuration (Model C) (air distribution through porous holes along the entire duct length, with heat
load), is the most effective in delivering air and maintaining temperature when compared to the other

configurations.

Keyword: PVC-coated polyester canvas duct, drilled hole, Computational Fluid Dynamics (CFD), air

distribution.
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A1AT UL UUTIaB4 kepsilon turbulent model
(k — &) fiaonandoduilsddulusunsudnsagy
ANSYS Fluent #ail Cmu= 0.09, C;-Epsilon = 1.44,
C,-Epsilon = 1.92, TKE Prandtl Num = 1, TDR
Prandtl Num = 1.3, Energy Prandtl Num = 0.85,
Wall Prandtl Num = 0.85 wazfivualivieaudne
Indeanesindouiidesasaninuvuiwuy 1,340
ke/m’, A1ANYAIINTOUTUNIE 1,450 J/kgK, AN
nsthanusau 0.28 W/m-K, Aranuuila 1.72x10-
5 kg/m-s

2.1.2 msnmunlasias19m191e (Meshing)

Lﬁaiﬁmmﬂﬁaaﬂulwmi’waaasumﬂaauLLaﬂ%u’u
fuonAvs sy sitedswdaidaseadiomn
Pedungu Usznausie a1n1eluenns (Air room),
81n1AkuYia (Air in duct), H3viewsu (Duct porous)
wagnguntls (Face) Usgneuludie nilsvieniglufin
fueInaaluve (Duct side in ain, W19n oWgU
AeusnAnfueIniAluei1ans (Porous duct side
room), 4299118989 0au(End sym duct), 81017
nelunedanuniiaenulu (Air side duct in),
1mAluernsAnduniisiensuduuen(Room side
porous out), 91MAlupIAISARNULIVINE VR IVIDAN
(Room side end sym), 2197(Inlet), 91@8n(Outlet),
w9 a(Duct), N1981A15 (Front wall, Back wall),

#1D1A15 (Floor), ¥a952u18aIn1@ (Vent), naann
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91A15 (Roof), Uses (Door), AU (Human), nti198
(Screen wall), 98 (Screen) lngfAnuaALUUTIADY 1)
Model A 91uu Elements 58,628,957 31u3u Node
11,116,779 2) Model B 9" 11 u Elements
23,575,585 91131 Node 10,403,056 Lag 3) Model
C 97u2U Elements 31,603,621 971471 Node
11,639,851 @115 U 0aulAAIUANAIVOULYADY
91n1# (Cell zone conditions) LazlulATIAT 1A
Preeendu 3 nquAe 1) malueiais (Air room),
2) eaneiluvie (Airin duct), 3) H3vensu (Duct
porous)

2.1.3 padauUivesankaynIsTUNIUYeIYoal

NIANUAAIUNT UYBIVIBAY A1 Porosity =
0.64 1Jur18198 9310 [6], ivuagUuuuilu
Thermal Model Equilibrium waglsaud lvan1ug
W iquﬁ Relative Viscosity @ g Brinkman model
oS unBavefInaafifignusdonisunsnszany &4
aunis (6) wazaunis (7) @msunisluanuunile

Usgdniamanunilaunu ()

e = Urlt (6)
pe =1 -7 (7

o 4, Ao anuntlavesvedlna wiaedafu-

a

Furfinen1319uas (Ns/m), 4 As Aunile
fuius wrethduduniinen1sismng (N-s/m?)
Wislsianansednsizinisinauinameesngngy
Yoeau i uil USuenniad adeeld3s Mesh
Interfaces Lilold eugasavesanluauiseliAnna
ﬁﬁuifljaﬁlﬁ’muﬂiﬁ Gravitational Acceleration kN
X=0,Y=-9.81,Z=0 nnunlu Operating
Temperature Way Operating Density LW 11U 300
wadu (K) war 1.225 Alandusegnuiaiiuns (kg/m’)
ANUSIAU LA8A1YBULYATBILUUTIa8Y (Boundary

conditions) wWaMaRaR1199 1
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5197t 1 wsfiwesldlulusunsy ANSYSFluent
Zone (Boundary Conditions) Type Parameters Value*
Mass Flow Rate 12.90 kg/s
Turbulent Intensity 10%
Inlet Inlet 1-8
Hydraulic Diameter 1.19 m
Temperature 290 K
Gauge Pressure 0 Pa
Backflow Turbulent Intensity 5%
Front Door
Backflow Turbulent Length Scale 7.01m
Thermal 300 K
Outlet
Gauge Pressure 0 Pa
Backflow Turbulent Intensity 5%
Outletxd
Backflow Turbulent Length Scale 25m
Thermal 308 K
Roughness Height 0.0008 m
Backwall
Thermal (Temperature) 313K
Floor Thermal (Temperature) 308 K
Roughness Height 0.0008 m
Frontwall
Thermal (Temperature) 302K
Wall 5
Humanx200 Heat Flux 13.85 W/m
Roughness Height 0.0008 m
Roof
Thermal (Temperature) 313K
Screen Thermal (Temperature) 320K
Screen Wall Thermal (Temperature) 310K

“nuneiwn nihefkananuauasadumbeflusunsudiiuely uinasenuiawnsaasunisuanawals

AUADINTTG

2.2 M15a5NUUUTIAD9

ATeiiinvmsnszanesvesenAsInnIds
nszargananmevioduludnnilednosiniouiig
a¥ATaN 91a83n1snaukuunadIans (Dynamics
of air flow) A28lUskNTN ANSYS Fluent YMunen1s
Inavet0 1M ATIAAT Y 91nn15duaznTEIEaY 3
Uuuy AB (a) Model A NT8ALANAILIVUIN 76.20

3
UOALUAT LUV 3, 6 LAy 9 99AIUIRNT AaBAAIINYTI

o (lafiluanAnnusou), (b) Model B nszaeausie
sngu naeanugvie (lidllvanauiow) wag (c)
Model C N5M8a8M8INIU AaBAANETIVD (1]
TvanAufew) uansda (Uil 20) Fefimsdmesns
gonuuUTEaNs M5l 2 Tuerasinssanisusu
arnAvuIai ufilddos 3,600 A15190UAT A1

wuudaes Fagu 1
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A15799 2 WISTLMBIVDMBII1A8Y

NP3 ANuaLIUN
Duct x 8 | Diameter = 1230 mm.
Door x 2 | LxH = 7010 mm. x 4000 mm.
Vent x 8 | Diameter = 916 mm.

Outlet x 4 | LxH = 2500 mm. x 1450 mm.

Outlet

13.5m

7.395m 572m DOpar 11.25m

JUN 1 dnuaisrnnveiodnass

3. wan1sAnwnazaiuse

aa

sUsuunsiaanusautazeamginvhuldly
nsusefiunazilseuifisuveunazuuudnass lagly
fifndnadannnisaveiauass femun 68 9afiftn
i ) 999l 1 (5,5), (5,10),.., (5,85) 4ail 2 (15,5),
(15,10),..., (15,85) ﬁﬂﬁ 3(25,5), (255,10),..., (255,85)
Y7l 4 (35,5), (35,10),..., (35,85) uanssiaguii 2 (1dud
VX))

3.1 HANITNTLIYFIYDIA IS 283!

HANNI1ABINIINTEIYAIVBIBINIAUUTLUIUG
INMUBIANS 1 LIRS VOILUUTIABT 3 PRIRTIY

WAAIRIIUT 3 uazuaninIIeuisuauSIaY
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UusTUIUgIINAiueAITIEeY 1 ns Tnsldszuy
AfAmLNNTInveteAN5I3 I 68 AR (Aegu
it 2) a%mm’wmmiﬁmzmaaué’aagsumm 76.20
TAAWAT WUV 3, 6 WAz 9 83ATUINENT HADAAINEN
9 Model A ﬁmwm%aam@amﬂﬂdﬂmmmwﬁuﬁa
fnnudaedewindy 8 wasAedund o dumisg
91NABaNYaMe e n Model A Wlunsnszane
fveseniaf 83 I liasveseniAuy
szunultiaiiaue druusnareuniemsiaug
YBIINIAF Lﬁaqmnsxazmmmmﬂﬁﬁqmﬂgﬁ”’u

Aaudslna

UM 2 MIAMUAAIAONBIINNTINUAT

a7 Model B waz Model C ianuisivadninia
a | a < a Y
MoanangnIuuuieauiiauiuademiu 0.035
WATHTUT wazdn1us1v899N1ALUTEUIUD
avave wssdusipsifissuuriedaudiogngu

ilauiilvasenaingnsulnasenuiegeadias

=

waxflonsin1sinasenvesanssnliuin e1n1AnR
qquﬁqwzﬁmmnmmmmﬁ"w Lﬁaamﬂqquﬁqq
anAveesilfiaumLius eneezasyly
U19UU dauu%‘nmﬁﬁqmwgﬁm"’ﬁ AURUILULYDS
omaazanyiliduui i fanunneiniags
dmsunisissuisusznineenisi dnisivan
Au§eu Model C fuenansiilufinselnanainy

$9u Model B asunglainanmsluinisylvanainy
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91U Model B in15tuavedarnidad auanin

Wesmnlifgunsallaunvinsiuauiluasenainiie

au lildiieanudutuveseinianigluaians

(b) Model B

1550 5050 )
T T

() Model C

q‘ . < = &
JUT 3 TAseseanusauiniags 1 wnsnivy
Tiasinasailnannnusaunas liiluanaiusoud

ey m/s
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a ¢

MINATEAANTILANNAVIBANTIVEIRINIA
fdudatugdnduionssulueinis efurelddn yn
Ufimuge 1 wassnfiuvesis 3 uuudiass
81A15 Model B uaz Model C fmanusianeglutig
0.20 - 1.00 wasseIund Feegluveuivnanizaiy

AUNEATUNINTTIU ASHRAE F93UN 4 wagguil 5

Velocity (m/s)
o
e

Coordinate (Width, Lenth) m.

Model A Model B Model C

U7 4 nsmlidSeuiisuruiiauvesiosdiae i

3 UUU NIMNg 1 lnsanituies

3U7 5 Tasssnanudiaumingn XY uiiugerde

]

TuoAs s sunidslnaniseenaesenns

4.2 wamsInIzaIen 9ol

NINsrAeivesgungiilue1nsinssanisusu
1A AesiasansEinanauseuluneunaleiu
nndenn esneasimunsiviendlndie
awmesndauiidesa3an Tnefinvuaniusoud

818WLUIRI81AS 71 40 BeALYaLded wasAINSoU
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1NNUDIANST 30 erealdsauazgungiveq
volnsviend 7l 47 sseniwaLdoa

NANSIIABILARITEUIUNSNSE IR TITigs
NiULIAS 1 1A veauuaeis 3 JULUY
U 6 uarguT 7 - 8 wanans S suisugumg
vusTLIUgENue s 1 iwns lagldssuuidam
n1s¥avetenn1asaianin 68 a0 lngA1gung i
g9gAY9981A15 Model A iy 39.85 sarivalies
\Anflveuniisvesennns iesandunisnszaneda
Yase AL ligamaiivesoinauuszuuly
ashiawe

d1e1AnT Model B uag Model C dgaumgiives
omavusEUiasiaue mseidueiansiifiszuy
viodsauiaengu esnsvuudsauuuuiiavdsan
sonuuuvaihiaseuaziisnsnsinasi vinldaudu
flsanannvieaurangandumudoududaaineinie
nglueims dmfumsiiaseiangainuauy
finsanleingumgiveseinmaidudat iy
Aanssuluens Model C gagaliniu 26.75 3
waldvauazey luyi9AINaUIY @2 Model A

2 o

qquﬁmaammﬂﬁﬂzmammﬂumms Model A
geanwiniu 24.35 eargaldea wazeyluyieaiy
auy %’ﬂaQ’Lumauwmamwmmamammmmgm
ASHRAE Imaqmmqﬁmaﬁmmsﬁﬂsxmaamﬁwgw?u
naeAA21u8137 e (Hlnanainuseu) Model C la
ataueifiesanluemsiiivanaudeu sanm
waggFnduianssulueinsinssanisuananiud
waiialilannsasadld msedfnduiivanaing
Sounu
msimeiduledindieamesindouiidozaian
WUU Model B N3¥218a1A38 NI UARDAAIINETIVID
vilsinsnszneauseainarainTluuuafa
Funndnsfudniosdedmalianneanuanuaue
v ulununnnsgiu ASHRAE Standard 55-2023

anAd eIt uNITANYIVEY [13] Aina1331 Aunull
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nasoLduleinang19uINFeA1RAsURIAINLS 1B

91N1A FIUDINITNTZAIYAINIUTANIIAINY1IVO

HuRugugna

(@) Model A

Temperature
Contour 1

Temperature
Contours

(c) Model C

JUT 6 1A593199umInANEe 1 wnsniuvias

U il

Fravanilnanninuseusasliiivananuseutimie
WJu °c
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37
35
33
31
29
27

25 M\ /,/\/\.f’\/\»\_\//\—\)/'/

Tempearture (°C)

23 A
21

19 A Ly ol il
17 T <= A ~L b — <~ p ol g

15

Coordinate (Width, Lenth) m.

Model A Model B Model C

U7 7 nswlilSeuiiisudSeuiiisuveaiosinaeia

3 UUU M1ANUEN 1 lnsaniiuies

Temperature
Contours

35U 8 Taseswaaumgiiviiga X-Y Usiinuendely

91ANT 8 AN LLﬁﬂﬂlﬂﬁWWﬂE}aﬂ‘Uaﬂa’]ﬂ'ﬁ

dmsun1snsratgaude3ILIAEn wuu Model
A M3lMar890INIALYNNTEINLDBNHIUAILFVUIN

Wdnsenuiafiady wazauevesioduledn

= '

IndeanesindeuiideyASaninansenuUABAINILS?

wazaumiivesauet1llied 1Ay AosndsTiaeAuIN

o

s N ]

ANe1veatduledIndLadinesAd aunig

a

azasanialinIsnszavauLargamiiiiuluagnm

y

WILNZ AL F9F0AAARINUNTSANWIVBY [15]

4. a3d
mMsdarn1snseaefvesadlueAsingsanis
USUBINARIENBANR1NBLNE LOELADS AR BUNIT

1% |3

avATANMEIUUIAaN(Model A) vilviaslvasenain

37

¥
& A

suaznszgludsiuiusvennamieanniiguay
lisshiausuaziigamiigs drunsdauazmsnszane
AUAIEYDANINIY AABAAILE1IYE (Model B &
Model C) fvilwaulvasonaingwguiinmis i
asawe (osnauazAssqdusonainvieay uay
iefinsananmizamauis (Comfort zone) VB
sviufanssuluenans Tiesgiildinanusay way
gaumgiiivsnediidufnssuluoimsinssanisey
Tug 297 ASHRAE standard 55-2023 uuzilifie
0.20 - 1.00 WATADIU Uay 24 - 27 asAgalTyd
muddy FadugIdeTanuzilfldvioaurimelndie
amesinfiouiiidoza3invioausnunaanALY1IVie
dwmsunisdwaznszatgauduluenisinssenis
yueilng) AugULULil 3 (Model C) uandlifiiiun
ansndnsEIIsaL uazinvgaumgildfideiiouiy
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ABSTRACT

In Thailand, non-communicable diseases (NCDs) presented a significant health and economic
challenge. This study investigated machine learning (ML) for predicting NCDs prevalence using social
determinants of health (SDHs). Two scenarios, baseline and inference (imputing missing values) were
assessed. Monthly household expenditure and hospital counts appeared as pivotal features in the
inference scenario. Model performance remained comparable between scenarios, with slight variations
for specific NCDs. Random Forest (RF) showed slightly superior predictive power (RMSE: 1.53 -- 74.93, R
Square: -0.11 - 0.11), though interpretability remains a challenge. Addressing data limitations and
enhancing interpretability are crucial for fully harnessing ML's potential in NCDs prediction and
prevention. The study's findings underscore the importance of integrating ML and SDHs into public
health policy to effectively combat NCDs in Thailand, potentially saving lives and fostering sustainable
socio-economic development. The study revealed the intricate interplay between socio-economic
factors and NCDs prevalence, emphasizing the need for targeted interventions. The exploration of
machine learning algorithms in predicting NCDs prevalence provided valuable insights into model
performance and highlighted the significance of features such as household expenditure and hospital
counts. Moving forward, efforts to address data disparities and enhance model interpretability are
essential to maximize the utility of predictive modeling in informing public health policies aimed at

mitigating the impact of NCDs in Thailand.

Keyword: Noncommunicable diseases, predictive power, social determinants of health, machine

leaming, prevalence.

1. Introduction [UNDP], and United Nations Inter-Agency Task
In a report by the Ministry of Public Health of ~ Force [UNIATF] (2021) [1], noncommunicable
Thailand [MOPH], World Health Organization  diseases (NCDs) exert a significant impact on

[WHO], United Nations Development Programme Thailand, driven by factors such as cancers (CA),
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cardiovascular diseases (CVD), diabetes (DM),
and hypertension (HTN), collectively responsible
for 74% of all deaths in the country, resulting in
an annual toll of 400,000 lives. The economic
consequences are substantial, with NCDs costing
the Thai economy THB 1.6 trillion yearly,
equivalent to 9.7% of its 2019 gross domestic
product (GDP). This financial burden encloses THB
139 billion for NCDs treatment and THB 1.5 trillion
in lost productive capacity due to absenteeism,
"presenteeism," or early withdrawal from the
labor force. NCDs not only adversely affect
socioeconomic development but also challenge
sustainability of the

the long-term fiscal

government and public services. Strategic
investments in key clinical interventions for
prevalent NCDs and policy measures targeting risk
factors can both save lives and yield economic
benefits. Allocating THB 211 billion to such
interventions holds the potential to save 310,000
lives and generate THB 430 billion in economic
benefits.

Social determinants of health (SDHs) played
a pivotal role in both the prevalence and impact
of NCDs, manifesting in diverse ways. NCDs
exhibited a higher prevalence in low-income
regions where poverty, recognized as a SDHs,
significantly contributed to elevated incidence
and mortality rates, as demonstrated by
Rasesemola, Mmusi-Phetoe, and Havenga (2023)
[2]. Their study also highlighted that the
concentration of risk factors and poor health
outcomes was notably more pronounced in
communities

economically  disadvantaged

compared to affluent ones. NCDs often coexisted
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with high levels of infectious diseases, particularly

in impoverished communities. Interventions that

focused solely on individual factors while
neglecting the structural and commercial
determinants of health exhibited limited

effectiveness. Noteworthy, both individual and
national poverty levels contributed to disparities
in life expectancy, quality of life, and morbidity,
as highlighted by Manderson and Jewett (2023)
(3].

Enhancing the performance of predictive
models can be achieved by incorporating SDHs
features in certain vulnerable subgroups.
However, the utility of incorporating Social
Determinants of Outcomes (SDOs) features was
contingent upon the specific characteristics of the
cohort and the nature of the prediction task, as
elucidated by Yang, Kwak, Pollard, Celi, &
Ghassemi (2023) [4].

Effectively formidable

challenge of NCDs

addressing  the
in  Thailand requires a
comprehensive approach that recognizes the
intricate interplay between SDHs and NCDs
prevalence. The urgency of strategic interventions
underscored by the profound impact of NCDs on
economic

both mortality rates and the

landscape. Machine learning emerges as a
transformative technology capable of predicting
and understanding NCDs prevalence based on
factors,

population-wide socio-economic

encompassed by SDHs. Integrating machine
learning into policymaking provides invaluable
insights into the determinants influencing NCDs,
facilitating the formulation of targeted and

effective public health policies. The adoption of
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machine learning becomes a meaningful tool in
the hands of policymakers, driving informed
decision-making, enhancing preventive measures,
and contributing to the well-being of the
population. In the mission of a healthier future for
Thailand, the synergy between machine learning
and public health policy holds the promise of
saving lives and fostering sustainable socio-
economic development. This study aimed to test
on the predictive power of machine learning
algorithms in Thai population datasets utilizing

the SDHs as the features.

2. Material and Method

Bhoothookngoen and Sanchan's (2023) [5]
reviewed identifies existing gaps in  NCDs
prevalence prediction, specifically in the focus of
prediction and the utilization of SDHs as features
in models. Noteworthy, Hu, Qiu, Su, Shen, &
Chen's (2020) [6] study was highlighted for its
incorporation of some sets of features considered
as SDHs for NCDs prediction not the prevalence.

2.1 Data Collection

In this experiment, the models from Hu, Qiy,
Su, Shen, and Chen's (2020) [6] study were
operationalised, substituted features with SDHSs
datasets in Thailand (population-based dataset) to
predict NCDs prevalence in Thailand. The data were
retrieved between September and December 2022
from internet access via various primary sources: the
Open Data web portal by MOPH [7] for NCDs
prevalence between 2023 and 2021, the Pollution

Control Department [8] for fine particulate matter

2.5 (PM2.5), NSO’s website [9] for all SDHs except
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for number of hospitals and MOPH’s website [10]
for number of hospitals.

The MOPH’s Open Data web portal [7] emerged
as a foundational repository, encapsulating
deidentified datasets illuminating various health-
related aspects of Thai population. This included
information on health service access, healthcare
providers, health status by some diseases (including
NCDs), etiology of illnesses, Tuberculosis related
activities, and diseases from occupational or
environmental exposure. This repository served as
the primary source of information for the number of
NCDs patients for at least a decade preceding 2021.

In a report by MOPH et al, (2021) [1],
prevalence rates of discrete NCDs, including CVD, CA
(Cervical Cancer, Lung Cancer, and Breast Cancer),
DM, and HTN were extracted from 2013 to 2021
because these four NCDs are the top of highest cost
of illness (CA, DM, and CVD) and prevalence (HTN).
Concurrently, hospital registries were  cross-
referenced with patient, describing correlations
between NCDs incidence and healthcare facilities.
The features as detailed in Table 1, painted a
portrait of socio-economic and health-related
dynamics across Thai provinces from 2013 to 2021.
This encompassed key indicators including average
household income, shedding light on economic
variations. Environmental health angles were
explored through the levels of Particulate Matter 2.5
(PM2.5), offering insights into air quality trends. Social
behaviors were captured with data on smoking
prevalence and the prevalence of alcohol

consumption.
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TABLE |
Social Determinants of Health Data (2013-2021)

Feature SDHs Domain)b Year
Average 2013, 2014,
monthly Economic 2015, 2016,
household stability 2017, 2018,
income by Y 2019, 2020,
province. 2021.
Average
Particulate Neighborhoods
Matter 2.5 and built 2013 - 2021.
(PM2.5) by environment
province.
The numbers Social aqd 2013, 2014,
of smokers or community
2015, 2016,
used to context,
- ) 2017, 2018,
smoking by a Neighborhoods
) 2019, 2020,
whole and built
) 2021.
country. environment
The number Cs(frf]'ﬁguan”f 2013, 2014,
of alcoholic Y 2015, 2016,
context,
consumers Neighborhoods 2017, 2018,
by a whole 8 ( 2019, 2020,
and built
country. ) 2021.
environment
The number
of
educational 2013, 2014,
S ) 2015, 2016,
institutions Education access
by Bangkok and quality 207, 2018,
2019, 2020,
and
2021
upcountry
group.
The
educational Education access
year attained and qualit 2013 - 2021
by a whole g Y
country
Average
monthly Economic
household o 2013 - 2021
. stability
expenditure
by province.
Average 2013, 2014,
annual Economic 2015, 2016,
household stabilit 2017, 2018,
loan by Y 2019, 2020,
province 2021
Hospital
counts by Healthcare
province by access and 2013 - 2021
matching quality

hospital code
*Social Determinants of Health - Healthy People 2030
(2022).
Underline Imputation by mean for the missing years.

The educational landscape was subjected to

analysis through the educational institution counts,
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the educational year attained, and regional
disparities between Bangkok and upcountry locales.
Economic dimensions were further illuminated
through examining average household expenditures
per month and annual loan disbursements. The
healthcare infrastructure received with detailing the
hospital counts in each province. These datasets
provided an understanding of societal trends,
serving as a valuable resource for policymakers and
researchers aiming to navigate the regional
development and well-being.

The model framework, inspired by Hu et al
(2020) [6] study, embraced a diverse set of
models—Linear Regression (LR) and Support Vector
Regression (SVR), Random Forest (RF), Gradient
Boosted Decision Trees (GBDT), and XGBoost.
Additionally, embracing ensemble learning with the
introduction of a Stacking Model (utilising Random
Forest). To ensure a thorough evaluation, a 5-fold
cross-validation — approach was implemented,
iteratively involved partitioning datasets into training
and testing sets to enhance a robust assessment of
model generalization. The Sequential Floating
Forward Selection (SFFS), facilitated by the
'mixtend' library, was employed during each fold of
the cross-validation. This dynamic feature selection
process, aimed to identify an optimal subset of
features for model training.

Addressing missing values in model training, a
mean-based imputation strategy using scikit-learn's
'Simplelmputer’ was employed. This approach
ensures a robust and consistent treatment of
missing data, specifically tailored for the inference
scenario. An alternative scenario was contemplated

by creating datasets wherein instances with missing
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values were omitted, thereby presenting an
alternative scenario for further examination.

2.2 Model Implementation and Evaluation
Framework

The model framework, inspired by Hu et al
(2020) [6] study, embraced a diverse set of
models—Linear Regression (LR), Support Vector
Regression (SVR), Random Forest (RF), Gradient
Boosted Decision Trees (GBDT), and XGBoost.
Additionally, ensemble learning was introduced
with a Stacking Model (utilizing Random Forest).

Figure 1 illustrated the complete workflow of the

model implementation and evaluation framework.

Framework

Results Analysis

Model Impl ion and E

Data Collection 5-Fold Cross-Validation

NCDs Prevalence + SDHs Features

Model Training
Data Preprocessing

- Feature Normalization

- Linear Regression (LR)
Support Vector Regression (SVR)
- Random Forest (RF)
- Gradient Boosted Decision Trees
- XGBoost & Stacking Model

- Missing Value Handiing

(Baseline vs. Inference)

Model Evaluation

- Mean Absolute Error (MAE)
- Root Mean Squared Eror (RMSE)

- Mean Absolute Percentage Error
-R*and Adjusted R
- Feature Importance Analysis

Feature Selection (SFFS)

Baseline vs. Inference Scenarios ]

Figure 1 Workflow and Model Framework

2.2.1 Feature Relationship with NCDs

The SDHs features in our model had significant
relationships with NCDs prevalence as followed.

Economic  Stability — Features  (household
income, expenditure, loans): Lower economic status
often correlated with higher NCDs risk due to limited
access to quality healthcare, healthier food options,
and preventive services. Financial stress could also
lead to unhealthy coping behaviors.

Environmental Features (PM2.5): Air pollution

had been directly linked to increased risk of
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respiratory diseases, cardiovascular problems, and
certain cancers.

Social Behavior Features (smoking, alcohol
consumption): These were well-established risk
factors for multiple NCDs including cancers,
cardiovascular diseases, and liver disease.

Education Features (educational institutions,
years attained): Higher education levels typically
correlated with better health literacy, preventive
health behaviors, and lower NCDs risk.

Healthcare Access Features (hospital counts):
The availability of healthcare facilities directly
impacted disease management, early detection,
and treatment outcomes for NCDs.

To ensure a thorough evaluation, a 5-fold cross-
validation approach was implemented, which
iteratively involved partitioning datasets into training
and testing sets to enhance a robust assessment of
model generalization. The Sequential Floating
Forward  Selection (SFFS), facilitated by the
‘mixtend' library, was employed during each fold of
the cross-validation. This dynamic feature selection
process aimed to identify an optimal subset of
features for model training.

Addressing missing values in model training, a
mean-based imputation strategy using scikit-learn's
‘Simplelmputer' was employed. This approach
ensured a robust and consistent treatment of
missing data, specifically tailored for the inference
scenario. An alternative scenario was contemplated
by creating datasets wherein instances with missing

values were omitted, thereby presenting a baseline

scenario for further examination.
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3. Result and Discussion
In this experiment, various machine learning

models were utilized in two distinct scenarios.

The baseline scenario, characterized by
comparatively lower prognostications across
NCDs, suggested a potential exclusion of

instances with missing values. In contrast, the
Inference scenario involves imputation of absent
data points by their mean, aiming to elaborate
the elevation of model predictions. Analysis of

individual features using feature importance
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scores in GBDT, RF, and XGBoost revealed
fluctuations in significance between scenarios,
with  monthly household expenditure and
hospital counts emerging as crucial factors in the
Inference scenario overall (Figure 2), followed by
PM2.5, educational years attained, and others,
respectively. Models like SVR, LR, and Stacking
were excluded due to limitations in feature

importance calculation.

Feature Importances Score - Baseline Scenario Feature Importances Score - Baseline Scenario
0.800000 0.800000
0.700000 0.700000
0.600000 0.600000
0.500000 0.500000
0.400000 0.400000
0.300000 0.300000
0.200000 0.200000
0100000 | || 0.100000
SRR W S | — o el
Income pm2.5 Smoking Alcohol School Education Expense Loan Hospital
uCA GBDT uCARF #CA XGBoost mCVDGBDT = CAGBDT mCARF mCA XGBoost mCVDGBDT
uCVDRF = CVD XGBoost w DM GBDT =DM RF = CVDRF = CVD XGBoostmDM GBDT ~ wDM RF
# DM XGBoost = HTN GBDT HTNRF HTN XGBoost =DM XGBoost = HTN GBDT HTN RF HTN XGBoost
(a) Feature Importances Score — Baseline Scenario
Feature Importances Score - Inference Scenario Feature Importances Score - Inference Scenario
0.500000 0.500000
0.450000 0.450000
0.400000 0.400000
0.350000 0.350000
0.300000 0.300000
0.250000 0.250000
0.200000 0.200000
0.150000 0.150000
0.100000 0.100000
0.050000 I | 0.050000 I| |
s Tl T I oo MK | LA
Income pm2.5 Smoking Aleohol School Education Expense Loan Hospital
= CAGBDT uCARF = CAXGBoost = CVDGBDT u CAGBDT uCARF ®CAXGBoost mCVDGBDT
= CVDRF = CVD XGBoosts DM GBDT DM RF = CVDRF = CVD XGBoostw DM GBDT DM RF
DM XGBoost =« HTN GBDT HTNRF HTN XGBoost DM XGBoost = HTN GBDT HTN RF HTN XGBoost

(b) Feature Importances Score - Inference Scenario

Figure 2 Feature Importance Score
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Comparing two prediction scenarios based on
model evaluation metrics (MAE, RMSE, MAPE)
revealed that the Baseline scenario, where
missing values were dropped, consistently
outperformed the Inference scenario, where
missing values were imputed. This suggested
stronger predictive performance for Baseline,
particularly for CA and HTN models. Conversely,
in the cases of CVD and DM, improvements in
metrics after imputation were somewhat higher.
Across all NCDs datasets and scenarios as
depicted in Figure 3, the performance of GBDT,
LR, RF, Stacking, and XGBoost models remain
consistently comparable as measured by MAE,
RMSE, MAPE, R-squared, and adjusted R-squared
between both scenarios. Some detectable
deviations, specifically, compared to the baseline,
MAPE for CA and HTN increased by approximately
20 points. Conversely, for DM, MAPE decreased by
around 20 points in the Inference scenario, while
CVD exhibits minimal change relative to other
datasets. These findings warranted further
investigation into the potential factors influencing
model performance discrepancies across NCDs
and scenarios.

A comparative analysis between the baseline
and Inference scenarios unveils refined shifts in
model performance. In the Inference scenario for
all NCDs except CVD, there was a minor signal of
superior performance, indicated by lower MAE
values. However, the superiority is premature to
conclude. Contextualized exploration within

specific scenarios reveals that RF, despite

achieving the lowest MAE (0.58 points) for CVD in
the Inference

scenario, is accompanied by
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negative R Square (-0.07) and Adjusted R Square
(-0.07), questioning its suitability. Conversely, the
highest MAE (44.03 points) is observed in the
Stacking model for CA in the baseline scenario
with 0.04 R Square and 0.03 Adjusted R Square.
For RMSE, the highest and lowest are found in the
baseline scenario in SVR for CA (76.63 points) and
GBDT for CVD (1.44 points), respectively. For
MAPE, the highest and lowest are found in the
Inference scenario, with 173.62 points in LR for CA
and 22.70 points in RF for CVD, respectively. R-
square and Adjusted R-square exhibit a similar
pattern for the highest and lowest in XGBoost for
CA in Inference (both 0.11) and in RF for CVD in

the baseline scenario (-0.011 and -0.012,
respectively).
Compared to other models, RF

demonstrated slightly superior predictive power
across diverse datasets referring to NCDs. With
supportive on the CA dataset, RF
exhibited a notably reduced MAPE of 166.88

results,

when contrasted with alternative models during
the Inference phase. This discernible trend
persisted across additional datasets, such as CVD
with a MAPE of 22.70, DM with a MAPE of 123.26,
and HTN with a MAPE of 131.58.

The graphical representation in Figure 3
further accentuates the consistent
outperformance of RF across a spectrum of
scenarios.  Another notably model, SVR
consistently manifested accuracy in relation to
alternative models, with MAPE exhibiting a
pronounced variability across scenarios. This
variability potentially signals challenges in the

interpretability of SVR within specific contextual
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settings. Additionally, inference scenario generally ~ where model performance is relatively weak

leads to better performance, except for CVD overall.

Baseline Scenario - CA Inference Scenario - CA
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140.00 180.00
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80.00 100.00
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2000 6000
- 4000
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0.00 —_—— —— 0.00 —_— —_——
20,00 MAE RMSE MAPE R Square Adjusted R RMSE MAPE R Square Adjusted R
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=GBDT ®LR =RF =Stacking »SVR XGBoost #GBDT =LR =RF =Staking =SVR *XGBoost
Baseline Scenario - DM Inference Scenarion - DM
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120.00
100.00
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80.00
000 6000
4000 4000
2000 2000
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Baseline Scenario - CVD Inference Scenario - CVD
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5000 5000
4000 4000
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(Y —— ———— R R 000 —— — fp— | | -
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(a) Baseline Scenario (b) Inference Scenario

Figure 3 Comparative Analysis of Model Evaluation Results in Two Scenarios
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This study drawn upon the algorithms and
methodology form Hu et al. (2020) [6], advocating
for the integration of SDHs into machine learning
models for predicting NCDs prevalence through a
decade-long dataset from the Ministry of Public
Health's Open Data portal [7] and other Thai
government bodies as outlined in Table 1. And
also building on the findings of Bhoothookngoen
and Sanchan [5], which highlighted the efficacy of
various machine learning algorithms in NCDs
prediction, including supervised techniques such
as artificial neural networks (ANNs), SVM, decision
trees, and RF, as well as unsupervised methods
like K-means clustering and the Maximal Frequent
Itemset Algorithm (MAFIA). Despite limited studies
effectively incorporating SDH-related data as
features, Hu et al. (2020) [6] offered a particularly
applicable methodology, utilizing a wide range of
data, including SDHs, as features.

This study delved deeper into the nuanced
impact of data handling techniques on model
performance. The features such as monthly
household expenditure and environmental
variables emerge as significant predictors when
missing data is imputed in inference scenario as
outlined in Figure 3. This study also compared the
outcomes of a machine learning experiment with
the original methodology proposed by Hu et al.
(2020) [6]. Employing various machine learning
models in two settings, the baseline and the
inference scenario, revealed that the RF algorithm
outperformed the stacking model as resulted in
Hu et al. (2020)’s study [6]. This difference in
performance is likely due to differences in the

datasets used between the experiment and the
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study by Hu et al. (2020) [6]. Factors such as
dataset size, quality, and feature composition
strongly influence machine learning model
performance.

While this experiment has yielded insights
but not outperformed as compared to inspired
algorithms and methodology from Hu et al. (2020)
[6], its full potential remains hindered by several
limitations that impeded the comprehensive
utilization of the predictive power embedded
within the explored features. Addressing these
limitations is imperative to maximize the
effectiveness of future research endeavors. One
significant impediment is inconsistency, which
posed a formidable obstacle to the result's
integrity. The absence of guaranteed consistency
across datasets spanning the entire feature space
and anticipated time series introduced the risk of
bias. This bias served as a distorting lens,
potentially skewing the true relationships
between features and predictive result.

Furthermore, granularity emerged as another
critical limitation. The analysis of SDHs features,
such as  smoking  prevalence, alcohol
consumption, educational attainment, and the
number of educational institutions, primarily
operated at the national level, offering only a
broad, population-wide perspective. This dearth
of province-level data inhibited the capture of
variations in these features across individual
provinces which is on of SDHs category.
Consequently, the generalizability of findings
weakens, as conclusions derived from national
data may not accurately reflect the unique

demographic and risk profiles of each province,
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potentially leading to incongruences with NCDs
prediction.
The full potential of robust predictive
modeling lied in overcoming current data
limitations. A shift is therefore required, ensuring
consistent time series for all features and
establishing a reliable foundation for analysis.
Incorporating province-level SDHs data is key,
enabling a deeper understanding of geographic
variations and enhancing the generalizability of
findings. And the increasing the granularity of
data for SDHs and other key features provided the
necessary detail for nuanced analysis and

facilitated deeper insights into predictive
modeling efforts. This data metamorphosis holds
the key for the future research endeuvor to reveal
the full potential of SDHs as features for the
in Thailand

prediction of NCDs prevalence

landscape.

4. Conclusion
NCDs pose a global threat, demanding

innovative  solutions  through  data-driven
approaches. This study investigated machine
learning models for predicting NCDs occurrence,
focusing on algorithmic diversity and data
dynamics, comprising cancer, cardiovascular
diseases, diabetes, and hypertension, represent a
significant menace to Thailand's public health
and economic stability. As highlighted in a
collaborative report from the Ministry of Public
Health, the World Health Organization, and other
UN agencies (MOPH et al., 2021), these conditions
claim numerous lives and impose substantial

economic burdens on the nation.
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This study emphasized the pivotal role of
SDHs in shaping the prevalence and impact of
NCDs. Factors such as poverty, education,
environmental quality, and healthcare access
exert significant influence over the distribution
within

and severity of NCDs populations.

Addressing NCDs effectively necessitates a

profound understanding of these social
determinants and their intricate connections with
health outcomes.

Machine learning emerged as a potent tool in
the battle against NCDs. Through the analysis of
vast socio-economic datasets, including SDHs,
machine learning algorithms can predict and
elucidate patterns of NCDs prevalence, providing
policymakers with invaluable insights. This
integration of machine learning and public health
policy holds promise for saving lives and fostering
sustainable development in Thailand. The results
of the study shed light on the performance of
various machine leamning algorithms in predicting
NCDs prevalence within the Thai population.
Through evaluation and comparison, certain
such as RF, exhibit

algorithms, promising

predictive power across diverse datasets.

Particularly, RF demonstrated the reduced MAPE
values, suggesting its efficacy in NCDs prediction
compared to alternative  models  with
underperformed as compared to the inspired
algorithms and methodology from Hu et al
(2020).

Despite promising results from certain
machine learning models, limitations such as data
disparities and the absence of provincial-level

details hinder a comprehensive analysis. Moving
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forward, it is imperative to address these
limitations by establishing consistent time series
SDHs, and

data, integrating province-level

expanding  data  collection  efforts  on
environmental factors like air pollution. By doing
so, Thailand can develop a more nuanced
understanding of NCDs prevalence and its
determinants, paving the way for targeted

interventions that enhance public health
outcomes and promote the well-being of its

citizens.
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ABSTRACT

Electric vehicles have advanced significantly and are now widely used in daily life, with the
potential to replace internal combustion engine vehicles. One of the key technologies in electric
vehicles is the battery, which determines the driving range. Currently, one of the most important battery
types used in electric vehicles is lithium-ion NMC due to its high energy density. However, a major

drawback is that its efficiency is highly sensitive to temperature, making the design of an effective
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cooling system crucial. Heat is primarily generated during the charging and discharging processes of the
battery. A study by Mohsen Akbarzadeh and colleagues simulated airflow and heat transfer using CFD.
Their findings suggested that an airflow rate of 21 /s combined with 5 mm air channels was sufficient
to cool a system of twelve 3.7 V 43 Ah NMC battery cells, maintaining the battery temperature within
an optimal operating range. This research was then applied to a system of twenty-four 3.7V 180 Ah
NMC battery cells. However, CFD simulations indicated that the battery temperature exceeded the
normal operating range. To address this issue, the volumetric flow rate was increased to 127 /s, which
successfully maintained the battery temperature within the optimal range. However, this resulted in a
high pressure drop. Consequently, the air channel size was increased to 7 mm, reducing the pressure
drop but causing the battery temperature to exceed the optimal range by 10 °C, making the setup

impractical for real-world applications.

Keyword: CFD, lithium-ion NMC, air-cooling system.
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il esannliaugaiidseninsanumuiuiues
WiUare1gNslF LuReI NMC anusaLiu

o v & H o o ' da a
Wﬁﬂﬁ']ulﬂﬂ']ﬂ%uluu']ﬁuﬂmL‘U']ﬂ’JWLL‘UG]LG]aﬁﬁLWEIlI

TooaulszLandu wu LFP (Lithium Iron Phosphate)
lingdvsuse BV fidesnisszegmadudiilna
Fusanisvrsanid sads 5] udiwunaed NMC
(Nickel Manganese Cobalt) 328 ANUAUILUUVD S
wdsugnazsesfunsuTualdd waindly
Fodinddfenisinanudeussrinanisldon e
\Hutladefidwalaonsadeuszdniamuazorgmsly
PUTBLUAADS LUAADT NMC annsaifinanudou
1NNTLUIUNITVISIMaENIIAI8UTET Iaglanzly
ﬂiﬁﬁﬁﬂizLLﬁlWﬂ’@& Wy N1stsernusmiensld
s¥UUr15aL57 (Fast Charging) [6] wenand A
Tauduinainalrus 1uniuniely (Internal
Resistance) veaigaduunnes io1auiud uile
wummedidenaniv [7] Wogumgiiguiudiidivun
oravi 1A nnn 98 euaniwvesTan 4l
(Electrode Degradation) kaze1anlugusingnisal
Thermal Runaway i'fuﬁumwﬁqmmqﬁwmm?
Lﬁm%m)&hﬁimL%uLLazawﬁﬂﬂgjmmLﬁwwqumq
(8] fewnil walulaBnisdanisaruieu (Thermal
Management) 3sfimnudiAgyegied slunisaiuny

PN IvaUAMEI NMC [5]
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U351n9n15ad Thermal Runaway lukunimned
NMC anunsaiindulaiiogamaiaiu 150-200°C
[9] szUUMSsEUIgALSoudsianudAgyet1eBsly

nsAuANgUgivesuuameIiegluritivaensie

a

TasUnfud uusiae3 NMC sl dAfiaaigamgs
15-45°C wagmnladfiszuudnnsanudeudivuivay
audouii avauntsluiwad 81915 9nsrUIUNIS
W ouan muesLUnmes wazli ua1uLd eves
Thermal Runaway [10] fatfu szuuszutsnnudou
fifiuszansam Wy nssEvIeaueudLeInIA
(Air Cooling), U®9t1a7 Liquid Cooling), B3 oY
TUIYAINUS DULUULWALYUT (Phase Change
Material, PCM) § edumaidenil drdlunissnun

AUNATVBILUNLADS LA AT [7] N15eBALUUSEUUL

3 U

v o

Fosfilata minszareanufeufiasiays, nnsan
gn3ou (Hot Spots), warMsmeUauesiiTIaE eI
Wasuulasgamad wonand n1swaiuwmalulad
Wuwesnaingungiinazyenduasniunudnies
avraeldszuvausalsunisssutsaus ouln
wnzaLAuan MY nuuesneudlwilaATY Ja
\Duiladudfyiivae faegnisldnuvesunne’
NMC uasiiiuauvaensovassasudiii [6]
A5 SolidWorks wag Flow Simulation 928733
FYM 1A @ 13015031As 18R Lasnada UL UIAANIS

sanuuy Taglifesasiaiunuuase anduyuuazIan

MIFANTIAINTTUAENS UNINY 1S UATUASUNTILSAL

1 21 adudl 1 Weou unsAu - Jquieu w.e. 2568

n1sWaLT wanaInd Seaunsnszyaniou (Hot
Spots) foravinlAuunmedidenan ity uazaae
UiuusamsinavesveslnafieliiAnnisssuioainy
fouftananeuniu maluladddeelkaunse
WisueuUTEANENNDITEUUTEUIEANUSDULUY
F199) LU NTTZUILAMIUSOUMEDINIALAZVDILIAD
soufan1sesnwuulasiadianunines A ey
UsrAvsnmnistemanuieuldgean fedu msld
gonfusTasmaimnssuiaduedesdoddnly
NN50DNKUUTTUUTZUNEANUSBUTBLUARES NMC
Tifisz@nsnmuazlasndsdmsunistdaulu
soeuAlnin

1n891U398U83 Mohsen Akbarzadeh wazanizlea
MszUUTANITALS ouTeIMUALNES ALTauleeay
WUUTEUIEANTOUAIEDINAkAT YR IMaIlLLNAA
LumLAB3 N9 ugsd s U uEud i Tngldnns
Sasamarnansaedlaliiuaniietnsizinnsly
WAIULES LA UTEANBAINNNTIZUIANUSDUTRS
Waeszuy demuiinisldermagesnsinisiva 21
Vs saufun1sldtesniniaauia 5 mm dagudi 1
A1UITOTTUIBAIINS DUTOILUALADS NMC 3.7 V

43Ah 917U 12 Ay 1 dauund 36-38 841

9 U

v
= o

Wwalded A ua1ulded i luinavres Mohsen
Akbarzadeh 11Uszendldiuwunnas NMC 180 Ah

3.7 V 377U 24 wad [11]

SlzialanEngn:

3UN 1 laaaves Mohsen Akbarzadeh fildenielunisssuieanusaurewunngs NMC

1w 12 wad [11]
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2. W/MIANLUUIY
M3s1aessruUTEUIeANSauliau A ades
AuanwUzNTEIEmMANNSOUNANS 2 ogslann n1g
11A2105 98U (conduction) kAT ATTNIAIINS BU
(convection) wazifiedestunislvaluvielnensddag
dnvarnisinaluvieleg@oauuufiowuusuisey
(laminar flow) waznasinawuud uvau (turbulent
flow) Inehluisannsansunginssunmsiyaegng
Taog19n18n15A1UIUA Reynolds Number au
aunsii 1 nsewaianudetestusnsnisiva
Y9901N1AS AU AR R uTesvadlna A1
ANSNYMEAINYTT (hydraulic diameter) A1A14
wilavesorna Tuaunsi 1 ArgadnyuzaNue
Jusg fudnwasvidavasiodeliisnsmuanl
wioudu aunsafuinauannsi 2 [12] tag

WAUoIiLUTA o Wulunumised 1.
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PUD, (1)
U

Re =

T9e7i  Re #e A1 Reynold Number

p Ao Anumuiuvueena gungd
25 °C

U  fe arwidivesornmaiiudu (m/s)

D, fie wuruaudnaislansedn (m)

Y fe Aaundalaundinues

87N (pa » s)

D, =— 2)

Togfl A fe fiunintindavavia(m?)

S fla VunvBdUTEUTIAUNEvaslra (m)

a

M13197 1 fuUsenee NldAuIuAT Reynold Number 48491016 0 AIMAWBINTA 1 atm Uazgaungil 25 °C

Y

fauusildmuan YUINVDIAUS
AMLEIVRIDINA 30.48 m/s
ANuniinlaunfinuesenie 1.98 x 10 ° Pa.s
AUAUIUUYDIDINA 1.215 kg/m’
ANATINVBIRTNAR 0.044 m
ANNYTIVOIVUNAA 0.095 m
Huiinihdavosie 0.0352 m’
ynduseuTiduiavediva 0.128 m

AINANNIST 2 uasTeyaIINAIIIed 1
A1U150ATUIUNIAT Reynold Number L‘{juaﬂﬁu
Ieiinifu 112,476 Fsunnndn 4,000 sihlimsud
Bunslvauuuiuudeiuaumsauesiildly
N139188NgAnTsuNTInaveteIniAluss Uy
soaduaunisoysnyduna (mass conservation)
(@un157 3) wagaun1seuinY (momentum

conservation) Fslagguniludgmsunisivauuy

Juvauszdessaaunisluyidu Reynolds-
(RANS)
(@unsil 4) Faduaunisiegluguvesaniads
[13]

Averaged Navier-Stokes equation

¥+ Vi{(pu)+ V[(/:) =0 3)
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o(pi)
ot
Vot yVE + V(-] —V[(pﬁ)Jr Py

+ p(ilV )i = @)

91NN 3 NI UITNVEIEUNISAOTRIINAT
WA suwUaunafisuiua Tneunflusunsuas
Sudumsiunaiisaunsigsmsiassnsinaves
syvutdunuunai (Steady State) vinlnaiusnues
aunsnae 0 Tuiian mssrassnslvauuudulou
‘uuﬂauﬂaLma{ﬂzﬁaﬂ%’f;ﬂammsﬁ'mmzauu,az
wadwsilnafedlumsufiRuniian deitlfaunis
7i 6 vzfosrunsuiuluee k — & ioliaves
n1391809 A NENaS N ulneaunisi i
AuduRUSTU Reynold Stress Tensor auaunsii

5 Fudunsedureanuduiiusuu Boussinesq [14]
—+— |+— KO (5)

Feau5afienu Reynold Stress Tensor tAna

aunisi 6

T = uiu' (6)
if i

9naun1sfi 5 Winldd1 Reynold Stress Tensor
fanuduiussuaunisi ¢ egslsfiniudoadinng
ferudududieliaunseldlueg « — & ladead
A305ULHIUANNTT Turbulent kinematic viscosity

ANANNST 7

2

k

VI = C/.l _— (7)
&

aunisil 7 daudunusiu Eddy Viscosity &4l

AMUEURUSU Eddy Viscosity Fadumiuusauuf

wielinmsvawuududiuuunisdassdinnugneies

WINTUTIQNOTUIBHIUANNITN 8
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1= pv, ®

gavingdmiunisdiasngfnssunisiuawuy
TutumeluviegneSuieruluea « — & vilild

ANMUFUNUSHIUENNSN 9 way 10 fadl

Ok 4,

a—-‘rV[(uk):V U+ Vi |+p- 9
¢

o

k

0

—8+V1y5):V y+i Ve +C‘£F’K—C2 (10)
ot o, K
Tagaunisdarnandsaedi i oloUsenaunng
A Turbulent Model loun C; = 1.44,C, =
1.92,C, = 0.09,0y = 1.0,0, = 1.3 @un1s
o | & v g ¥ °
sanaridesiuduaunisilglunisdrassnslnaves
sruv lagsialUilaun1sniuAunisdnaesanginig
Foudaiilaunnisiianuiounazniswinuseulu
gUnsaldRzisuNsesULMIBaNNIINIsALEaAL

Soussaunisi 11 [15]

0
pcp—TZKVZT-l-c'] (11)
Ot

Aomumuuiueunmes (ke/m’)
¢ fenugdmizAuiou (°C)

T ﬁaaﬁquﬁ‘uauwmmﬁ o Vet (°K)
k  AsAinsiianusauwes (W/m, °K)

a

VT #ie Laplacian dwiugamgl

q AEsRTINITALEnAMUTEUTIUTUINS
(W/m?)

naunisi 11 Wuaunsavauiiluiieglugy
284 Transient n1sa1aadluasaiduni1s@nylunsd
I & Izy a
\Ju Steady insrzagiunaiilsrnveunssemune
winduaznateidu 0 luiiga 99n@1 Reynold

Number 7 A1urauLd a9d usinbinsulnnisiraves
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syuuiflumsinauvuiiutau mszazdunalanism
audeusadunvutadud saunsi i duluana
aun1si 12 wazdlmuieidedaenssiu « — ¢
[16]

V(¥ (pE+p))=V-(kyVT (7, 7)) (12)

INAUNITT 12 aun1sndseud sesuienisds
w&suR1uvesiva osa1nn1smaLTauLUY
Uity Feiiinsdusznaunmsmaudou mstha
Sounaznisnsyareaunie wevlui wredold
ofusfiandanudignéresaenalnnisminiuieu
Tne@t E Aendaunmuanenladsznaulusae
wasarun1elu (Internal Energy) Lagwa191u9a 1l
(Kinetic Energy) é‘]‘ﬂﬂaiﬂwﬁqﬁamuﬁ'qﬂai”wﬁw
iy drulumeni wavesaunisinenaiusnues

AUNTTADNITUIAIINT DURALAITNTLANYWAI9TU

55

ieannanuidudouviofindrofuuansneiuil (a)
YWIAYRITRe 5 Aafiuns uaz 7 dadiuns (1) wn
YOUTAGUUALADS

9n3Ui 2 AeswaziBunveslinnail 1 uas lua
7i 2 Taolunad 1 Tuauddsves Mohsen uazaais
Dulunaiidiigalunmsszuisanufouvesuunne’
Tnosoazidoavasusaslunasglunsisi 2 Falu
msedfideyaveslunad 1 uazdl 2 naanns@nw
189 Mohsen uazAmy NUI18ATIAINTIVOIINA

o

1 21 Vs anunsasnwigumgivesiiiegf 34-37 °C

il U

v
v o

wsrartunuideiladeenlumaves Mohsen
wazany U1USUlTuLUAADI YR 180 AR 3.7 V
NMC $7uu 24 1988 dafvunalngninanuideves
Tnemsdasssuduseldonniasyuisnudeunuy
Tarudasnslvalalsuing 21 Us way 127 Us iite
Tdoyathiuiiileuussaninmmassuisanuiou

YpawUsaeslngfieunulainan 1 way 2

2960

NMC Baticrics

Air Ouikt—,

109.0°

Batterry Housing
Air Indet

=57

106.0

Q)

JUN 2 swaziBunvadlunail 1 war 2 (n) JUMUUTRIUYDITEUUTEUIANNTOUYDIUUALAD

17.0

106.0

106.0

. 148.0
78.0

0]

a

3 (V) VUINVDIVD

¥1991N1A BIFULUULUIMNNITIAY (A) VUIAYIDBINAAUEAELUANMET (1) VAL URLABIATIEN NMC
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Tnensidentdonsinislualeuiung 127 Us 11
N3 8o Blower NIzuaRSs B%a SEAFLOW In-
Line Blower 12 V 6 A 270 CFM Taglusunsudildly
n1591a83f 8 SolidWorks Flow Simulation 4 40w
TUswnsufild35n15 Finite Volume Method (FVM)
Favmngiunisiassvesluaruing (CFD) lngnis
Tda09835 FYM agpsimuauszinnnisivaidu
wuvtutunasdunisiuanigluvie (intemal flow)
Feulvuazveulunnmnissil 4 auaul® Thermal
Conductivity 489 Aluminum 6061 wazainiadu
AaauTALUY Isentropic #ntiu Battery NMC #ign
fanualifidu Orthotropic 11 833 1nduUsENBY
aeluvesuumaed fauuanaiafy §evialsd
AaANURLANATUA UL

91n815797 3 Aenisiivual eulauazvoulwn
¥oen159a095zvulngls N nn1sAIUAY
aniniing oulae MM UUANY 998958 UUNU
annnnasuldiinisanglounasau(Adiabatic wall)
wszardunsiamnE I uAn T uamzLunae3
Hivegdidenuaze1nia dn15AIUANTEUUALEY

AL p9annus s dualsvadtan wenantun

A15199 3 KeulularveulAUBINITINAR LTI ILAY

NIENTIFINTINAEARS WINeTBATUASUNTILTRI

7 21 atufl 1 Weou uns1Au - Tquieu w.e. 2568

neganvesienangnivualilanuduusseIne
AL Seudalsunsvesunmesiiavinu
41,825 W/m3 3aldarnusunaninudeuiiialaain
nsra1eUseqlaelddns 2C a1n 80 % wde 20 %
[11] e snsanrsinadautauazidausunnsuas
anudremealuusaztoauuinaedsdeiuiin

N1ATIAABUAINGNA 039U8IA 1R IUUTAUTY
380159551 91v83MMoU (convergence) 4 a5 aq
nsraeunsasuLUalwesrneuitesnin 1 %
VERIM é”aamsgjﬁ’mmﬁmauﬁmmLﬁwﬁaﬂmama
AuUSuragas v vn1suu's (meshing) Tne
nsEUINNISITL ud usaen1suU N3 naula s
Suf 100,000 N3a wazvhnsiuauliafuls
aueenindarmeutiuenvazlyildriuiase S
Wnsuuenieldandenunniuwasinnseuiain
adwnilsuazianisivasunlamesmnouintosnin
1% w3e dsldldmuiindnfivinisuvandalugdn
addvavidomnniuniniuarAuagidna sy
Amaulign1sgitn 9angud 3 uansdauunldums
Wasuwawesinoufitusg fuuTinanisudaead
[17]

dnsnsluadedsunns

YUINNBDINAAULYARLUALADS

AIRULUY Tumail 1 Tumail 2
fuusauna AarufeudsUsinmsiiatulusunieed | 41,825 W/m®
nniasluszuuilgamgfisuduil 25 °C
Lifinsanewmwaanusznineszuuiunils Adiabatic wall
YUAYioANLNIUALE 20 x 109 mm
AauUseiu

21 way 127 Us

6 mm

127 Us

7 mm

fandsany

QauNniiaNe g NEITeILUMNES dnT1NsivaLTaIawauTs

USuns anudugede
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3. wan1sldguazaAUsiena

mﬂgﬂﬁ' 3(n) wag (1) Aensmuansdian1sgidn
gasnauiilannsiaemsneniumeslaslunail 1
faeufinsdsunlatldiy 1 wWesidud fisiuau
\gad 3,000,000 e Tuvaiilumad 2 Aaeuiinis
WasuuUadliiiy 1% 7isuiuead 6,000,000 wad
Waedlunanngeufisnsimsinadaiings 127 Us
sufsmsiUAsunlasgumniveseniAmuLLILNLY
x finswdsuudaiiiiu 1 wWesidudiwudientu &
U7t 3 () viotl Sruaumeadfananildiusnsnisiva
B9 21 Vs wuiiieadu Taegudl 3 (3) uag (2) uans
NMSUUNYAATIUIU 1,000,000 wag 6,000,000 Lwaa
nnsuilumaues Mohsen Akbarzadeh Lazang
Fahuussyndldiuwaduunines 24 1wad vos
e dewansiassnisivaetenniAuaznis
aemMANUS U NI USRI INITINaveteINA 21 /s

voslunail 1 1¥ulumugun 4 FJudiulddnamgd

a

meluveauunineigumniifigeande 94.33 °C uay
iande 42.33 °C Fsdaduonmgiigainitoumgd
dmsunsliruunAvesuumineife 25-40 °C d iy
wuaLme3 NMC Tagangamadisananuandliiiuin
8131N151Ma10391U778 Mohsen Akbarzadeh wa
Auy LW eanen 9n1532u18AIUT0UBBNIIN
LUALABITIUIY 24 19ad TaBFULUUNIINTEILYD
pamaiannsaaiunisesuneldlaegud 4 (a) Tag

gauuiivouaadi 1 uay 2 guugiisgade 42.33

il U

=2

fis 77 °C Fsaenndostiuarsasmsinaiiunauas
nslnaldsusunsvestesiindwuazvosiiaed il
dm31M3lua 0.0016 7 kg/s fiu 1.556 /s waz 0.002
ke/s fufiu 2 Us ndanntesiiaeaduiulusnsinig
Ivadunauasidsuiimsiaanasausgaiivesd 5
0.0008 keg/s wag 0.7966 Us vinlvigung Tves
LUAMBIWAAT 14 wag 15 flgnumniigetien 94.33 °C
wdaangosd 5 1uduld ArdnsimsinaiBanauas

WFeUSumsiainTunewiasaudarasd 8 4A1ens
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N15bnaLg 9128 0.0016 kg/suazdnsiniluailia

\ oA

U315 1.60 Us Fafialndidgaiudead 1 wusinas

a

Wwadhl 14 uar 15 naulaamgilfiaauinee 93.33 °C

U

&

warafidasnduldldinniigafeuuninedivadd 15
way 16 lasudninansaremanudeusinaadi 13
14 17 uaz 18 Feflgamnif quauiioaduvinlid
Svsnauinniinismiaduseulutesii 8 uay 9
w&191nY0afi 8 AremInnsluavesenia lnewa
nssrassidanlndifssiuedse [19] feranas
usgafides 11 Geqail wadil 19 uay 20 fiud
qquﬁqammﬁqm%mamé’aaﬁué’mwmﬂwaGil’wqm

1939037 11 A 0.0007 ke/s waw 0.7209 U/s &N

Y847 11 da5AsaveInAarde A ANTULLAY

P

yMlvRuRouralivonwadn 21 22 23 way 24 10

gl u
o

anad Aeun15u1luLAaves Mohsen Akbarzadeh
wavAne WldiuLUnmes NMC 24 1wad Tnelddns
mslradeusunns 21 Us duldifiemestonissyue
ANSauINLUAWMES SuhnsiUdsuAsnsnisiva
WeuSunesidu 127 Us

9n3UT 7 ihildeumpfiiintuessiiiodidty
dlainrwiavesdosain 5 mm Wy 7 mm Tuvaed
Tnann1anuseureswumnedsdfvunmui e
farsanfiansanaunsi 12 fuusiiddevesnism
audeuniennusvesenAdlaail 2 Sas1ns
Tavesernid 127 Vs fanusronmaluusazdesd
aanalulunad 1 ludmsinisiua 127 Us
wsrzazyulumadi 2 nndesnistid nsii
UsEANB A mMnIssEU18AnusousenaINkUALASS Lo
wnndnduiuezdesihnsidenaioathornmeuin
Tng Tl it uAnusrvese1nAd ez ity
UsednSnmnisseuieanuioukazyinligumngl
anas ms1zaztunsidendu SEAFLOW In-Line
Blower 12 V 6 A 270 CFM Téfulumaiinilsanunsa

angaumgiivesunmesivieglussiuildauld
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Velocity (X) [mvs]

S0
ot 500,000 Grids
70 1.000.000 Grids
60 s 1,500,000 Grids
- et 2,000,000 Grick
o 2,500,000 Grick
40 et 3,000,000 Grick
30
20
10
o ol bl L L L
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s0
—— 6.000,000 Grids
» w— 500,000 Grids
- 60 F 5,000,000 Grids
-
E ok . 4,500,000 Grids
2 et 3,000,000 Grids
~ w0 F
& w—— 2,500,000 Grids
v
g
'9
20
10
0

0 02 04 06 08 1 L2 0 02 04 0.6 0.8 1 12

Model X [m] Model X [m]

(n) ()
D36 | et 6000000 grids
&0 e 100000 grids
534 T 5000000 grids
3532 t 4500000 grids
5 - e 3000000 gricls
030 |
< i 2500000 grids
®28 [ e 2000000 grids
L2 g 1500000 grids
524 RN RN NN NS N et 1000000 grids

0 02 04 06 08 1 1.2

Model X [m]
(m)

()

U7 3 (n) Apnudvesemamadiluliaai

adndandaly

uwunu X

madremaresuunne’

a

)

(@)
Admsnsvaalsunng 127 Us Wsuiussegmadn

MU x (1) AANuSIvesonEnainluliea 2 Adnsinisinaalsunns 127 Us eufusseeniain

MLNY x (A) NMsdsuulasgamalinuuwuidnsds X (1) dudigeddenuniluwnnu X @) Juea

PR9INANSLUSIUIUTRA VLA Uas ey () lUnanadannsLuslumannauwas
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T TEm

2500 4233 5967 7700 9433

Temperature [°C] Reration = 566

Cut Plot 1: contours

24 |23
4|5]|6 718
%N 1 2 3 4 5 6 7 8
(n)
0.0025
= W Mass Flow Rate (kg/s)
En 00020 F m  AVolume Flow Rate (I/s)
@ A =
"g‘ 0.0015 - ., .
8 0.0010 A o st . o
w
p Ty
8 0.0005
>
0.0000 1 1 1 1 1 1 1 1 1 1 1
123 56 7 8 910111213

4
Chanel Numbers

(m)

2.5

1.5

[y

0.5
0

g
o
°

Volume Flowrate (I/s)
Air Velocity (m/s)

T T T T

[y

2 3456 7 8 910111213
Chanel Numbers

)

a

JUM 4 wan1sdnaesweduiaail 1 dasimslva 21 Us (n) fiuiigumiuunineiuasgumvgivetainie o

Fuvisasmilevadlang (1) MwsiNvesiufigamgiivedluninesluyuued Isometric (A)

u

o

ansnsivaldana

UAzITIU3UINTURINARLTIRNN 9 (1) AINLEIDINATDITBIN 9

4. @yl
AITABIALIATIEIRATRINTT TN AG S
grelounnudounnuumnedaiseylosau NMC lu
soeudlni1vilinsiuiTumad 1 ve991u3 S
Mohsen Akbarzadeh wagamiy @188 051l naLds
Usums 21 Us ldamnsassunennuioulasgaiios
waflaghluumaes NMC $1u3u 24 wad 180 Ah

a

UBUNS

gl U

Jvhaulasgranunzauit 40-45 °C Fasinns

19

UFuusslaenisideniinay SEAFLOW In-Line Blower

12V 6 A vunsasinisiva 270 CFM daduvunadl

= o = I I a a
LWEN‘WEJﬂ'UIlILﬂa‘W 1 WWWIWQENWQN‘(J@QLLU@]LW@ﬁ@EJ

T

Tugsfivnyan wWoswnisdusnsinisivaiilsen
audugadefidnnnduiainisusvannvesdes
90 5 mm 1Ju 7 mm lulueadt 2 Feilieian
suggdediatasediudiulddn winiuiivedes
mmmfuamawuﬁﬂﬁqmuqﬁsumLLumLma%‘Lﬁuﬁu
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ATl AnwavesmseenuuuluRatiiuamiless e euesames i nszuansalduuse
a1 (BLDC) lngldmsiasigrinnusounaznssassnaransvasivaidemuan (CFD) namssnassuanalviiiu
d']miﬁmeﬁgﬂuﬁmﬂ’qﬁ’umﬂwamaammmhaamqquﬁiua‘auﬂizﬂauﬁw 9 vaoLnes tnug N IvedTn
MANDIAENAIUTTLNA 59% Lnuwananasuseanal 47% wagemangluneinesanasuszana 63% aawali

M3TEUIANNToUTeINaWmes INTATY LavanAudswenudeneangumgdviguiuiiia uenaini

ro A

aunnTivaINIATENIN I UIAaIRftNegfUT (Stator Teeth) AULVsWANAFaUN T1udEhATaULBWDS

3 y K

v B3 v 19

AuntuaATUnas anasuszanu 17% Feiesnyilssaniamuasasemsldnuvemewes lnslanzeg
fuflenawesiruneldnsuiuiinn nansidediluwuimdumsianssuussuisanuseuvewomes

BLDC wiatinuUszavsnmuaznisidausioly
AdAy: nseenkuuluiin, MlAsizauiew, NM3d1ass CFD, wewas DC wuuliuusswu

ABSTRACT
This research studies the effect of an air-forced impeller design for cooling brushless direct
current (BLDC) electric motors using thermal analysis and computational fluid dynamics (CFD)
simulation. The simulation results show that installing an air-forced impeller reduces the temperature
of various motor components. Specifically, the temperature of the copper coils is reduced by
approximately 59%, the shaft core by approximately 47%, and the air inside the motor by

approximately 63%, resulting in better cooling and reducing the risk of damage from overheating.
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Furthermore, the air temperature between the stator teeth and rotor magnets, as well as the front and

rear motor covers, is reduced by approximately 17%, which helps maintain efficiency and extend the

motor's lifespan, especially under overload conditions. The results of this research provide guidelines

for developing BLDC motor cooling systems to improve their efficiency and broaden their applications.

Keyword: Forced Air Design, thermal analysis, CFD simulations, brushless DC motor.
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Hijsiaunszuunsnduseluwidnidmssenlagldmada YOLOVT weaudlulgninisasnasmis

@

Neiveh1d
thilvuuiunarsunse Tnedsudioudsyavanmees 3 sane3iiu léur YOLO (You Only Look Once), SSD
(Single Shot MultiBox Detector) ha ¢ Faster R-CNN (Region-based Convolutional Neural Network) U
%a:gjanwwﬁwmma”a@ﬁﬁmmaxLﬁa@ 608x608 finiwa s1uau 1,000 N wuadunmiidise 750 nn way
awlidiFe 250 A Uszliulszansanaeslumalagly confusion matrix nan1sAdeUNUINSANDI AL
YOLOVT Tif#in F1-Score 44 (95.0%) s03a3u@e Faster R-CNN (93.0%) uag SSD (82.0%) ins waztiu

ganesiiu YOLOVT fivszavsnmluminsiaduieluwididinssegeigalunisvnaeil

v

ANENARY: TEUUATIITUS WUINTEe1 YOLOVT 9373590910 Useansnin

ABSTRACT
This research aims to develop a system for detecting boats in the Chao Phraya River using the
YOLOV7 technique to address the issues of heavy and hazardous water traffic. The performance of
three algorithms YOLO (You Only Look Once), SSD (Single Shot MultiBox Detector), and Faster R-CNN
(Region-based Convolutional Neural Network) was compared using a dataset of 1,000 images from
cameras with a resolution of 608x608 pixels, consisting of 750 images with boats and 250 images without
boats. The models' performance was evaluated using a confusion matrix. The test results showed that

the YOLOV7 algorithm achieved the highest F1-Score (95.0%), followed by Faster R-CNN (93.0%) and
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SSD (82.0%). Therefore, the YOLOV7 algorithm was the most effective in detecting boats in the Chao

Phraya River in this experiment.

Keyword: Boat Detection, Chao Phraya River, YOLOV7, water traffic, performance.
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andlmenssunisasnduingiifiussansamuay Ay
waiugge wnzdmsunsldauiideinsienuis
wazALLugT agelsinin TS-SSD fpnnududou
g SSD wuuRaAa

Redmon, J. taganz[13] Ldus You Only Look
Once (YOLO) §1¥u38n15m599duinguuy Single-
Stage YOLO Usznaus 28 Convolutional Neural
Network (CNN) 19t aLiien vl v af um
Region 984 Interest (Rol) LLﬁsﬁTWLLuﬂf@quﬂu Rol
aulpsuvinimesniluyaves Grd Cells usiaz
Grid Cell azvhuntindi aArani5al Bounding Box 184

Y dl

Tanfusinglu Grid Cell ifu nagey YOLO UUYn
SzTaaia PASCAL VOC, COCO wag ImageNet Wan1s
naaosuanslifiiuan YOLO fiusy@nsninuaz
anualunisnsaduingganinisnisdu q uas
MU E1IUSUNTTEYIIULUY Real-Time Ge, Z. bag
Auz[14] Ynaue YOLOX Tun1snsiaduinglag
NENNANUNATIANIT stitching WUUNANYTEAULTIAY

YOLOV5 naaouuugateya COCO 2017 wadilsiae
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YOLOX @147150U558 AU WN e mAP (mean
Average Precision) 56.5% U1 COCO 2017 ?jﬂq&ﬂﬁﬁ
YOLOV5 4.4% naasufe YOLOX v uluinanas
n5937UTRaLUY Single-Stage fifiaanu Wl uea
scalable wazUszaNENING

o

Hu, H. wazauz [15] lddnauenisnsiaduing
\esdusaelina YoLOVT fildFumsuiuugslums
praduinglunwuiodile sy Tuaadldsunis
USuusaseyadoyaiseilouil nssdnsaimnag
75793V waglun1sfanuinglalddinses Kalman
YIwAINITALLaran uzYasinglusudaly
Fatheliannsofanuingldegsuiuusiininges
untanIeLad outiis nanismaasstandliiiiuiy
Brnsfiauetifivsyainmuasududilunmanmaty
Souvuidualn Biaunsonmaduideldvainuas
Uszian wihinazegluanmuasiivainuaieuazanin
fufnfidudeu X, Swazame [16] Yrauslung
YOLOV7 fldFumsuivusaiioatnnudnvuzain
amvdeinle wisu lueadldSunisusuudsde

v

JeyaisaiiaiinuseAvinmnisainnudnune lng

IR

sjathiluiivinnwesnnmiedfle wisuiihanduge
nalniidefinussansnmnisasadulaesadulud
Uinaiiieateanniian Taslumanisduunussay
ThfloTuwuningiinsaduldindusoniels Tuaadl
IgsumsiindusnegndeyaiFeileiuyussansninns
FuunUsziam nanisnaasuandliiuinisnnsi
et HUszAns imuazuduglunisnsiaduile
Wang, Y. hazamy [17] l@uoivn19msI93ulsaluy
Foalngdlasld YOLOVT wazia3odeuaviiniu
I3 udufa9n15UuUss YOLOVT daenisanuin
Tunauaziisluganevinuuuvens lunadiufuuss
wd1 156077 YOLOLite-v7 9101y YOLOLite-v7
luRneusuuuyadeyaiFerunlng nan1snaaes

wanalifiiudn YOLOLite-v7 @unsansiasuisels
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pgaualuguarsInGga IneilA1 mAP (mean Average
Precision) 88l 92.5% 71A111453 50 FPS
MNN1TANYIITIUNTINT A UNUIWAlulaE

o = o ' = o

ﬂ’liﬁli’ﬁ]ﬁ%’)ﬁﬂuﬂ?iwwu’mﬂ’l\'ﬁ’mL%’J UNITULAUD

q

o
' o

35n1slual 9 egiawe FBn1mandiiianuy Single-
Stage wag Two-Stage umazisnisiiveduaztolds
uansnefuly Suegfuanusosnsléan Ine3ims
n3193uTngquuu Single-Stage AdafAnnanuialy
mMsnsaduinggs waslinududeusi wildoidede
Auusiuglumsnsnduingeivaziniisnmsiuy
Two-Stage d3U35M1395393UTNQUUU Two-Stage i

doffe Amuwiuglun1snTaduingas widdelde

o

Ao andilunisnsanduingsn wazanududougs
Faster R-CNN 1§ 3§ 154Uy Two-Stage 7 i
Armuiuggs winusilumsnsaduingoudn
s SSD L1 TuABA1suUL Single-Stage Midiaransalu
n1315333UTRnge SSD usednsanladiassiu
38n15UUU Two-Stage 7114 RPN T5-5SD +Juisnas
WUU Two-Stage finanutafivas SSD way Two-Stage
detectors 11938fiu TS-SSD fiUsyansanuazAIy
uaiug1gandn SSD wuuAuAY YOLO udsn1suuy
Single-Stage fifiAnuisalunsnsiaduinggs YOLO
fivsgangarmuazanusalunisasiaduingaenda
38n138u 9 vuyadeya PASCAL VOC, COCO uay
ImageNet YOLOV7 1Ju38n154uU Single-Stage 7l

v

ANUKL UETIGS YOLOVT @1u15ans3adutiola

D

varnvateUseian widd1agey luaninuasi
yanvaBuazaNWURTUdeu

laidondane3iu YOLOV7, SSD uae Faster R-
CNN wsgvisanuidy Sanesfuiiddeidouarldsy
n1sueusUsg 1swnsvate lusius 1u object
detection uazATEUAY ANwIAUA1AIY LakA

- YOLOVT \Jusane3fiunuu one-stage 71ty
anusuazdanuwiudaduneiduaian Suvne

ASUU real-time
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- 5D «Ju one-stage Wufiu usflaunaszning
AN LazANULIuEN

- Faster R-CNN 10 u two-stage i uay
wlUgINNI LAUTEINaNATIN

fau nsidentia 3 Sanesuiiuiuieuiiien
ATOUARNVAINMANENILD Wamnda Anuuiug
waranududouvesiung e 3si munzaufuau
aneduelumididmszen ideundgivainnds
Fudouunaziinguuindn

o a

wualdulueuranmalulagnisnsiaduingdl
wudlifufiezsiaunegseios lusuian 35013
ma’sﬁufmqﬂwzﬁmmLtﬂuﬁﬁLtaziamL%MWﬂ%u
au13095333uTng lavainvatgUszian luann
wasTivanvansuazanituAafidudeu wazannse
Téilsugunsaliiingneinsdda

1.3 IngUszasAvesInIde

udTeidysiaurssuuanaduid elunsh
Wanszerlaeldinada Deep Learing vt auly

=~

ﬂiymmmiwsmqu’ém'wmLLu'uLLasa”umw
fngusvasdvinuesnuideiiased

1) Wanszuuasedudoluwiindmszelne
14madia Deep Learning LHunsieuvesdane s
YOLOvV7

2) WisuisuUszansnimvesdana3fiu Deep
Learning 3 ¥fin Uszneulualwdane3viu YOLOVT,
SSD uag Faster R-CNN Tunismsiaduiseannaineny
nsTnUsedns nawvesdlunaszussidulaely
confusion matrix

3) fundane3fia Deep Learning 7l sunzau

o o LY o

nandmsun1snsinduseluldindmssen auidell
39AUMBana3iu Deep Leaming Miladuusiugnga
THaUsvinanaties waztnmngauiun1sldamuass

MUTUAAIAIFUN 1
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\

% % 5 grid on input

Final detectlons

|
T
1 | & -

Class probability map

JUN 1 vdnmshnuvedlassasiuasedigludana3iiu YOLOVT

2. UYBUUAUITY

1) sATesjaduluiimsianssuuasnduise
Tt mszenlneldinaia Deep Leamning

2) WisueuUszdnsninees 3 danoinu
Deep Learning le'wn YOLOVT (You Only Look
Once), SSD (Single Shot MultiBox Detector) wag
Faster R-CNN (Region-based Convolutional Neural
Network) Uugadayan1na1891Anded A2y
azLdun 608x608 finLa

3) yadoyauszneausie midise 750 am
Usenouludisnimie 1Sedudn, 1Seussnnuia -
thiu, Feuszumuasn, Bedarn uaziIoaInge
o198z 9 AU lagldnnisaaut19luILaUYDY
Bewhty wazamdlaifiZe 250 A mnZedtlaann
Feitnusnussnindnszen s?j‘msamqmﬁuﬁ

wit i nssevausURsiuividodauay 55.10¢

' '
A

5o Ywinaynsusnms auwwnveiimianuniig
Useanl 800 RSNty

4) ldymvesya COCO 2015 (Common Objects
in Context) {uyndeyadmiuliinluna

5) awildfuasainadfivawe laiffumuets

6) InUseanSaneaan (Confusion Matrix)

7) pauiuneililnda ssuuufuRnis Windows

10 MUsiaigos AMD Ryzen 7 U 4800H AuL37
dysyrauuninT 2.90 GHz ns1¥in Radeon Graphics

8) YUIA input 608x608 WnLLa N1IN

preprocessing 4n15ANLAUNTT 19U Resize A 11

WU input size ¥89 YOLOV7 wlasand 1Ju RGB

30 BGR muiilluinasedsu uag normalize A1 pixel

(Hurmsgruyiluly deep learning)

ad o

3. nufiineaus
Tufidedavndishesueisatumaiams
\S8us L1898 (Deep Learning) WagI§n131191u
UseloriuazAuanusauas Deep Learning Tun1s
Usganananmukarasduing Musinveslymnig
n5237UTRg bunInuagAUdI A UoIN1TH AU
Sanesfiuluntsuiletomi esuredinnusimed
Wi eadestunisasiasuid eluwd g mszen
§an03711 YOLO (You Only Look Once) Tuaauaas
MFNNILVDS YOLO uagivawai vinlwaiudl

o ¥ o

Usgdnsangelununnaduing deduazteldeves

YOLO wlotlFautiisuiudanasviudu 9 danosiu

&4 o

SSD (Single Shot MultiBox Detector) aSueiLienn

A1SVN9IUTDS SSD hagAMNEIN1TalUN1TATIATY
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o

e ALAULAZIAAOEUBY SSD 8ane3Tiu Faster R-

CNN  (Region-based  Convolutional — Neural
Network) M8 NN15%191UY 09 Faster RCNN Uae
38157 ltlunnsesaduingluain wWisuiiiey
UsgdnSnmves Faster R-CNN AU YOLO uag SSD
ngud) Confusion Matrix N15UsziliuUsEaNSAINYDS
luiaalagly Confusion Matrix N13AWIMAT F1-
Score wagANUMINgYeiuluUTUNTBINIINTINTY
i

3.1 Deep Learning

Deep Leaming [18,19] w30 mai5ewusigadniu
wadiamsi3suvonnd ssUsziammils lngldlasane
Uszamifien (Neural Networks) fiflassasadudou
yenei ieFeusandeyadiuauann Deep Leaming
Usvauaauans seg1sunlusiudszuiana
MWIFIINNF MIINTINIW Msuanw wazaudu
5 Bnannag

Mé?ﬂmiw“yugwumm Deep Learning Usgnouly
A28 1) Iasareuszarmion (Neural Networks)
Taseas1ei ldsuuuunsviuvesaue sy yd
UsgneufemheUszananavuaidniifonit dasou
Fousdetududu 1 dseuusasduhminisudeya
Uszudana wazdmaansludeiasoudaly 2) n1s
\38u3 Deep Leaning 138uiandeyadiuiuuin lng
Yfvamisdinesvedlaseviedszarmiouly
wngan Lt Wanunsodiassguuuuvesdeyaldosns

aneas 3) Handunisnsesu (Activation Functions)

K

° '

fvuninfiiseutrdmadnsorls Juaydudeyad
Fuitnun 4) Weddunisgayide (Loss Functions) 1n
AuRananvetiiag Piglmintuealuuiuuselia
Tu wazs) danesun1susuua (Optimization
Algorithms) Usuemasaiinesvealuna v oanen
Handunsgayde

Deep Learning Usrauaudnsaegsuinly

NuRsRIUTNg Inedidanasiuventiounans sy 1
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YOLO (You Only Look Once) 7 a1ut$2lunas
19784 SSD (Single Shot MultiBox Detector) it
Anuslunsiaudiunans deaundugigs uay
Faster R-CNN (Region-based Convolutional Neural
Network) fifinnausiugngs uifiauiglumsya
#1 Fawandlassireuszamiiond udulassadng

¥

WuF1UYD9 Deep Learning faguil 2

Hidden
Input

Output

JUT 2 Tnseasnaiiuguues Deep Learning

93Ut 2 Tnssadrsiiugiumes Deep Learning
Usgneuseviheustnanavadniiienin faseu
Fousotududu q rseuudazduiminiisuteya
Uszndawa wazdwmadnsludeiliseudald lasedng
UsgamiteuiTous mndeyadiuiuuin lasusu
Amnnimesvesnisifensosevinsdaseu el
ausadnaesgunuuresoyalietagneies

3.2 e YOLOv7

YOLOV7[20,21] YOLO (You Only Look Once) t8u
aondnenssud ldmiunisnsraduing (Object
Detection) lunm YOLOV? Wuniesduangenes YOLO
fAldFumsusuuzean YOLO uniou q Tneifumsuia

o

Usednsamuazanuusluglunsnsiadudsg

4
v

NANN1TNIUVDY YOLOVT Usznaumiedunaunan o

o

&
AU
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¥ o
o

il 1 mswvsnmdunia amgnuiaduniaves
\waasuuawiniy (au 13x13, 19x19 &)
Fuit 2 nsnensalnseulnLAY (Bounding
Boxes) wagAnuuavidu luudaziwaduesnsa YOLO
NYINTUNTDULIALAUNAIENTOUNS DU UANLUNE
L‘T;Juﬁﬂiauﬁuaxﬂiamqui’mqﬁau’h

Fuit 3 msUsznanansoulnuay Tneld Non-
Maximum Suppression (NMS) Wi BannIoULALALT]
Fouiuiunaziiuemenseuiifnziuuggn

Fuil 4 nsmensalaana YOLO aznennsalaan
vnesduiinsouvauauaziiunanaingla 9 91nya
Toyatliiin

ALAUTDY YOLOVT zUsznauluaies1using 9
fail puga YoLOV? Sinmsesnuutlsivinenilésnia
F saunsauszutananmluiigias e (real-time) 1o
AU UEIYOLOVT dn15UsuUs vl A ugn
geludaisutuneidureu q Ussdnsnmlunis

o

dan3ingudn YOLOVT din1sufuuismsnsnduing
Wén 9 warnisdanisuanednglunin waganudely
meUsuly YoLov7 lasumsesnuuulldnudteuas
annsaufuldluneundiadui varnnansliogng
Ay

da01UmnenIsuvee YOLOV? Tn15Usuusga
andnenssuain YOLO sunau q lnednsld
Backbone 1va/ 7 138071 CSPDarknet 4 457015574
Residual Blocks ez Cross Stage Partial Connections
daueuannsalunisnsaduing uenainidsd
msld PANet way SPP (Spatial Pyramid Pooling) e
W wdszdns amlunisdanisvaisvuinvesing
Usznoudaelugandndsialuidl Backbone Tassdng
CNN wuy Backbone Tuyl” fiUszdng nnuazainu
wiuggs Neck Tuna Neck Usgnaumeluga CSP uay
PANet Head luga Head Uszneusigluga Focus
Module hagn1Uszauiananas NMS Lag Adaptive
loU Thresholding
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Backbone ¥84 YOLOVT T4lasarneg CNN wuulvd
7 fUseAns amuazainuusugigs Tassdnedl
Usznoun EJIJJ@J & Cross-Stage Partial connections
(CSP) vanelaga luga CSP Paliluaaanansaisouy
AMALURYRIIRYIINVATEAU

Neck ¥8¢ YOLOV7 Usznaunieluga CSP uay
PANet Tuga CSP ¥aelvluinaaunsasiuamuaudian
nagszau luga PANet ¥l luiaaauisada
AnanTRTIAy eI

Head ¥84 YOLOV? Usgneun duluga Focus
Module 19 a Focus Module % 1el# lataaaiunse
ARG GRS L el

YOLOV7 T imaiansuszananand saaauuuiile
USuleUsednSamAe Non-Maximum Suppression
(NMS) aelilansaanansaaunsnsaduing idoui
1 wagzAdaptive loU Thresholding 7192 8l#lana
anunsausuAnnaet loU Timinzauiurinaesingas

Wanwiagun 3

JUN 3 M3nsiadunimienie YOLOVT

3.3 JURBUNITATIVTUA IS DAY YOLOVT

ABnN15RTITUNNS R YOLOVT[20] HTunau

S

28]
Tuil 1 wIsudeya anulvaaluina YOLOVT

Wenlunafiviangauiunuaeanis Wy lnantnu
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N1INNOUTNVUYATBYALTD LATEUYATOLANINTD

a4 &Hoy A
Mo ldasivannatsuseinn YUNed wa waz
annwnden Itheiiuaaiaiignaes

& A a o

Juil 2 Uszuianan i Wann1miefifednis
n5793u wlaswuanwbiiduvuieiiluwa YOLOVT
5995V wazulasardvesnmliiduguuuuiluing
YOLOV7 543U

Jufl 3 a5RIuing Jeunmiivszaanaudaly
galuiaa YOLOVT Useutananinlagluina YOLOV?
AwUTTaIARAN ALY TN AIHadnsINluma
YOLOv7

Y & a ¢ v ¢ v oeay 1A A

il 4 WATINGANS nsemadnsnliunede
W azuuuauiulas 1anseuseuing NAnseu
59UTNONNT19ULA waruanINadNs Wi AatauDs

o

g AzkuuAuUle duvdwesingaansdsgy

a

4 NMSATIIUNNS DAY YOLOVT
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3.4 SupeunsaTIvTUN ISR SSD

SSD (Single Shot MultiBox Detector) [22] 18u
§ane57u Deep Leaming 7 1 Uszd 05 nnuay
AMILEIEe mnegdmsunisnsnduingluninuay
F6le SSD gninlulduaiegaunsnay W N3
anedunmideluwith funeunisnsdunmide

¢e SSD fisdl

o

fiadl

Y o a 1% i |

Uil 1 iwseugadeya SIUTIWANIEWEO IR o7
= = 1 ’(: v J .

T elundundmszen dviua Bounding Box

= ' 1 o < I
asousoluwiasnn uusgadeyasaniu 3 4n Ao
YARNauT (Training Set) YAn5d0U (Validation
Set) uasyAnAdoy (Test Set)

Tuf 2 Anluiea SSD adluanluiaa SSD
Yuusidluina SSD Mg iuyadeya Anlaaa SSD
vuyadeyarnousy Yseiluussansnmuedumauy
YAteyansIaeu USuunsluing SSD taiumIn
Judu

Uil 3 nT393unIse Inanluna SSD AlAsu
nsiniu Jeuninateniedalelvinuluma SSD
luiea SSD A¥AUMIFUNSS (Bounding Box) v@diialu
AN UAZUARNIHATNEUUNINEEYS 0TI LA AN

gﬂﬁ 5

1 I
P R (e IR ra
Ttk Wi s -
£ B g Ly 0 i I
N =T i : { o Y i I ::
[ L 1 T L | Lo il
LU OEEELRR S | L SR
Lol o L R e
[T Talm b s o
1 ]
Gg.—ﬂ(c:x,m,w.h)
canf (C-J_, [ Cp)

(a) Image with GT box

(b} 8 x 8 feature map {c) 4 x 4 feature map

U7 5 m3nsandunmisenis SSD
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Tun1mse SSD Framework azuusnineeanidu
n3n wiazlwadvesninaziueingfiusngluwad
1 Tainaazadng Default boxes Ha18uUIAUAY
30374 Default boxes id 11l 9z nUszananadae
CNN it o samdnwazraanm antduluinassld
Aadnuuzivadii oviuieTaglunw Ty
¥iruneitaunes (Localization loss) wagUszinm

(Confidence loss) ¥oeing anvineluinaazidon

=De

Default boxes ﬁﬁﬁqw 1ne Default boxes ﬁﬁﬁqw
dousausolunlaeg 19U

3.5 JumounITATI9TUN IS 0828 Faster R-
CNN

Faster R-CNN (Region-based Convolutional
Neural Network) [23] tJuluinanisnsaaduing
(Object Detection) 8o 8w 14 Convolutional
Neural Network (CNN) Tun1sszyuagdnuszianing
Tunm Twnadvhauldsanduasudug) uazgn
ilUlgiunuasnduingranvaieUssan s
n15A5795uA M3 e Tuneulasazidunuoinis
svadunmiSedae Faster R-CNN st

Fuil 1 wieudoya Tassausmninge mgunm
Fednnumniidanuvainvanslundve o
anauarUszinnvedse @519U18A iU (Annotation)
fuanseudinde (Bounding Boxes) 5aULTaluLLA
azamn theffumaiarldlunsiinluna

Fuil 2 Anluna Faster RCNN insoulaing
Fonluaa Faster R-CNN fienunsiineusunds wie
Anluaalvianngaisudu deuteya deunmidouay
themfuiiaatuludunewd 1 1Udduea Anlua
TasusulunaliiFouifiosssyuazdnussiamiiely
amilagldfleidunisgayde

Fudl 3 asdunmide Jeunm Jeunnluid
fosnsnsadudeludduna Tlumaavyiuienseu
dwdeu (Bounding Boxes) sousefinsranulunn

warAzkULANNIUlIE NS ULAaEN15MI9TU
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a a ¢ ¢

U 4 A1 RaaNS USEUNAaNs IAsien

Qe

<2

ANNgNABIvaIN1InTIRTUlaBUSsugUNAENSTU
Uneifuiiusiasa (Ground Truth) U3ulaiea 11n
$10u Uiulualfisduileuugsnnugnieses
MINTINIY

aunsnuAnstuRBUNSTe U 3 Sanediiu

ladaguin 6

= -
MIFATELTaUR

(Data Preparation)

v

ATUTENIANAa I

(Preprocessing)

L 2

ATRABALASHASANET Y

a779dY (Model Tralning)

L J

niERTITduingAan YOLOVT,
55D, Faster R-CNN

nsdTziunan g Confusion Matrix

L J

nsLaRsEaEWaLazUSIUWaY
Uszansam

L J

| [ |
v
o

3U#l 6 dumeunsvaues YOLOVT, Faster R-

CNN, ugag SSD
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21n3U7 6 amnsnesuisurass unaulddeil

1) Sunmateanndesldndesduninuiiiu
withidmsyenanuaziBenesnin 608x608 fina
FruuAMTaLa 1,000 Awaniifise 750 aw
amitlaifiFe 250 nmamesosegluanimuasnd
laifimsuatase WU 19

2) Msieseuteoya (Data Preparation) N1siw3e

v ° o 1Y

Jauad1niussuunsI1adulse 3¢l COCO Dataset

U

v o

\Dugruteyandn Tasisudusiionisdnnseianis
sUn1muaz Annotation il TgUszian "3e" wirdu
Wioliaenndotun1sm3I99ULUY Binary Class (3
i Class "150" 1hg7)

3)n1sUszutanaa 1911 (Preprocessing)
Resize USuru1an1mdu 608x608 WnLwa Color
Normalization uiasAd@vesnn (11 RGB — BGR)
Format Conversion wtasnmidu Tensor 1138 array
Tindaudoud1luina YOLOVT #8915 input 73
unasLaNoway preprocessing 7y auii ol
NaAWSWuEN

4) n1sidenuasindane3Nuns199vu (Model
Training) T4 lana Deep Learning 97474 3 luina
lAuA YOLOV7, Faster R-CNN, uaz SSD

5) minsuingUeunmdiluea 16 output
WHu Bounding Box $8Ul3®

6) n1sUsziduna (Evaluation) 19 Confusion
Matrix 7 83 Ana True Positive (TP) False Positive
(FP) False Negative (FN) True Negative (TN) Anulad
A1 Precision, Recall LagF1-Score

7) ASLAANSHAA WS LazlUT UL B ULAAIAIN
HAaNSN19MI2193U NSoU bounding boxitAswH
aruuluguazanuiivewnaslunadonluinad
wanzaLTigaUUTUNTSs

3.6 N17IAUsEANENINAE confusion matrix

Confusion Matrix [24] \Jue3eeiledildusuiiu

Usgandnmvadliimanisiiunysean frelidnla

87

Tlueavinuigraianatneg19ls lnguunaans
sandudussian

True Positive (TP) ﬂiﬂﬁimmaﬁmwgﬂﬁam
Hunduidu q Sunmiifiess 4 Alueaseyind
1390

False Positive (FP) n3¢i7iluinavituneiinnann
InBunguify q Kaiiasalally Snnunmilldfizenss
9 wiliaaseyindiise

True Negative (TN) nsdifilunaviiunegnéiosin
"Lsfiﬁdﬂejmfu q S1unnilifizenss 9 wazluea
seyilifiise

False Negative (FN) nséifilanaviuneRanain
iﬁl@i‘lﬁdﬂ&juﬁu q ez adu S1uaunmiiiidesss g
wilimaszydliiise

A1 TP, FP, FN, waz TN Wielda1uudaanunse
ihluAnausziiudszansamaedaunanisduun

UszLaneng o Taaal

TP

Precision = T (1)

TP
Recall = @)
F1score = 2 x \brecision x Recall) (3)

(Precision+Reca )

e

Precision (AULN UEILTau1n) TuuSunaes
iddell muneds dadruvesnwilinasyyindiSe
waniduaseiifide wanwszansnmuedunalunis
szynmiiiliFelsigndes

Recall (A1) Tuusunvesandsed mneds
FadauvesnmiifiFoads 4 AlunaszyinfiGe wans
Uszdvsmnwadumalumsiumamiifideraun

F1-score AgiLuU Fl-score LfJthLa?\IEJaWﬂﬁJﬁ

AY89 Precision wag Recall wansUssansnmlnesiy

a4lna
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4. WaAN19IY

uATedy smuszuuasatudoluuith
vnszelagldimaia YOLOVT Wisuiisudszdns
ANYBITANBIAUATIITULTD 2 BTa laun SSD
(Single Shot MultiBox Detector) wag Faster R-CNN
(Region-based Convolutional Neural Network) Uy
YntayannEeAINaLBEn 608x608 Winkwa AU
1,000 2w wdadunwiidiBe 750 A wazawlid

139 250 NN FUUAAYHANISNAABIANTINT 1

@15199 1 nsUseliuUsEAnSamn1snsIaduisely

wd ST

danesyiy YOLO Faster SSD
R-CNN

Precision | 98.0% 97.0% | 92.0%

Recall 92.0% 89.0% | 74.0%

F1-Score | 95.0% 93.0% | 82.0%

JUT 8 MInsandunimiseniy YOLOVT

MIATIFINTTUAERNS UM INBNFBASUATUNT IS
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UM 10 N1305399UNMLTeRY Faster R-CNN

JUN 12 nMInsadunmisedie SSD
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5. agu

NAsNINeaesd 1 luiadenan1sidelae
nsilSeuiisuussEnsainees 3 danesviy loun
YOLO (You Only Look Once), SSD (Single Shot
MultiBox Detector) Wag Faster R-CNN (Region-
based Convolutional Neural Network) Uuﬂgmﬁﬁa;ﬂa
AmgenndeafifinuaziBun 608x608 Aniwa
F1uw 1,000 a v wiadunmiifie 750 o way
anldfiiSe 250 nw Uszillulseansanwesluing
Tagld confusion matrix mmmagﬂmamimaaﬂﬁ
el

5.1 Usgansnmlunsnsindu

dane3fin YOLOV7 dusyansninlunisnsiadvu
Feluwiiidmszengaan Tasien F1-Score gegn
YOLOVT 1A F1-Score 95.0% @ 4g4n91 Faster R-
CNN (93.0%) @y SSD (82.0%) A1 Precision wa
Recall g4 YOLOv7 {iA Precision 98.0% way Recall
92.0%

5.2 Lupaiimsnzas

91nNan1sMAa0id 1 31 lunadanas ity
YOLOV7 aun3032yL3olaad 19gnaed uazsinuiey
dmsunsldruaidunisnsnduiediendludam
11595195M190 7 mud uuassunsieluaniaz
wndeuves il

5.3 mseAvsiena

qmm’wmmu?ﬁ'aﬁy ABANLL UE1E V0
Sane3fiu YOLOVT #ilsiAn F1-Score gegn (95.0%)
wansliiiuinlunaanusonsiduiseldegiegndies
walud wanrdmsunsldauese dewseuiiou
Uszdnsanves 3 danaifiuvuyateyalagliu i
Thdendanesiumnzaufueiluanizwndoni
& wan1sideuansiiiuiisdneninues YOLOVT lu
msldnuasidmiunsnsaeduideluiiidmszen
widedinvesnuiieAevuinyndeya Tnsyateyad

1Hlunsneasufivuiaasud1adn (1,000 A way
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- fudnuwalzueas pvuAEnLaT A A8 Yiln
1ad

- filuga Focus wag NMS Ausiugilunisdnnses
bounding boxes

- 5995V input AiflanuaziBun 608x608 finua

1o

1ad vilvinsdusiumisingusiued

Y Ao o '

Fedudlofugtugadoyaiifidnvuzniwdoudis
AT wazid aflauran 19U YOLOVT Sed@uisa
AIMN3al bounding box lawsiugh dwalit precision
g909 98%

5.4 Touuzihamsuanddelueiing

AIIVIA@EY YOLOVT Augadayaiilng/duuaz
VannvManEINN I

AU BULTIEU YOLOVT Audanasnunig
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classification (11U ResNet, Inception) 324U YOLO
Talaienn

Tumddeidldfimsieudieuiv YOLO neddu
§u 9 wnlunisiuSeusisu YOLOVT U YOLO

1e3Tud Y (1Y YOLOVS %3e YOLOX) azasiiudiy

Tunirsnsiasuseluntdndmszenlaagradaiau
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unAnge

ATelAnwnmarieiundninessadain (ferrous sulfate, FeSO,) faelesnuaniiun (sodium
alginate, SA) 1 aLft uAuLaR o 5vess I IvAnluam sazarsdasslunssinize1msi pH 1.2 Las@nwinis
Uanuaeesiandnluaisazarsdiaesludlidnd pH 7.4 Tasld38nsvieriusinndndaelalas
wasowuuy Wulaglelnsaaussysmwianeisnisidorvnaas Yaqlelasiaaussesnvmanainmsus waan
msaRaeusmalla Fourier transform Infrared (FTIR) nuin3Sidesmansasnsaviosiusmmanlsfninnsus
NAN15M3I9dUALNATA UV-visible spectroscopy (UV-vis) kag atomic absorption spectroscopy (AAS)
wuhmelfianiog pH 1.2 BmaviorudeluiuweaiiuniaoisiszaninmlumsannislanUdessinusn
Fe”* WAy Fe** finin FeSO, wawil pH 7.4 Janlalnsiaussasmmansieismsidenvneanuaessmman Fe?*
wnniianlelasinaussasumdnanmsuy way Feso, illsignieviuis 30% nansAnuduandlsiiiuinnisld
loieuweadiundutaoveiueraiiuszdvsnmlunisanmsuaeessmumanluasazaisdiaenszsnizemns 8n
amsvierudeifidessmahlismman Fe?* Samuafioslumsavarsaesdildidn Ssorafivaruannse

Tumsgeadusismaniusesmeninndi FesO, Tiliigniteriu viienisvieviusaeisuy
AdAsy: weadium vietiu nsUanUdeesinmin n1slieuug

ABSTRACT
This study focused on developing techniques to encapsulate ferrous sulfate (FeSO,) with
sodium alginate (SA) by comparing two encapsulation methods: crosslinking SA using Fe” from FeSO,
as a crosslinker and immersion of SA beads in a FeSO, solution. The aim was to enhance the stability
of iron in a simulated gastric fluid at pH 1.2 and to release iron in a simulated intestinal fluid at pH 7.4.
Analysis using Fourier Transform Infrared (FTIR) technique indicated successful binding of iron with
alginate. Evaluation through UV-visible spectroscopy (UV-vis) and Atomic Absorption Spectroscopy (AAS)

demonstrated that iron-alginate beads prepared by both encapsulation and immersion effectively
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reduced the release of Fe*" and Fe** at pH 1.2 compared to unencapsulated FeSO,. In particular, the

crosslinked beads released up to 30% more Fe”* at pH 7.4 than immersed beads and unencapsulated

FeSO,. This study demonstrated that using SA as an encapsulation material can reduce iron release in

the gastric fluid, and crosslinking method resulted in Fe** that may be better absorbable in larger

quantities in the intestine compared to soaking method and unencapsulated FeSO,.

Keyword: Alginate, encapsulation, iron release, crosslinking.

1. uni
swwaniludiuusznavvesdlulnaduluda
\donunsiivaslunszuiunsiunuedfunaznis
dndeseendiaunislusianieg s1amaniiaeszunuy
wdnfe Fe? uag Fe** Tny Fe?* 1luguiuuiisnsniy
annsagaduldituarlduslondldviud esnn
Fe?* anunsngnaadulnenseiidildidn Tumansaiu
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n3gmzemis(3] Fevihliusedns anlunisgads
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pd)}
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Tunsidsuanansazaradulalasansadinia
deinufnsendenvinsdvuanlesou wu zn®,
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1NN 99% 91nEve KEMAUS Inuvaiduupaslse
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a a
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Fe2+ Release at pH 1.2
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