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Objectives

The main objectives of this journal are:

1. to publish research articles and academic articles in science and technology, Journal focus are Electrical Engineering,
Electronics and communication Engineering, Computer Science, Computer Engineering, Civil Engineering, Mechanical
Engineering, Industrial Engineering, Occupational Health and Safety, Environment Engineering and Agricultural
Engineering;

2. to become a center for exchanging innovations in science and technology among researchers and interested persons;

3. to become a collection of interesting and valuable research papers and articles;

4. to promote and encourage Southeast Asia University researchers and interested persons to develop innovations.

Scope
To publish research articles and academic articles (Review articles, Technical article, Special Articles) in science

and technology.

Schedule
SAU JOURNAL OF SCIENCE & TECHNOLOGY is published two issues annually. The first volume is published

between January and June and the second is published July and December in each year.

Comments on the article of the SAU JOURNAL OF SCIENCE & TECHNOLOGY is a personal opinion of the

author. Editors boards may not necessarily agree.
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Abstract: This research presents a case study on the design of a Surface Piercing Propeller
(SPP) with an optimized geometry for water propulsion systems. The study focuses on a 3-
blade propeller featuring a 12-inch diameter and a 22- degree rake angle, specifically
engineered for integration with a 16-horsepower engine. Performance evaluations were
conducted in an open- water flume to simulate real- world operational conditions. The
experimental results demonstrated that the newly designed SPP achieved a maximum
propulsion speed of 6 knots (11.112 km/h) when positioned at the water surface. In contrast,
at a submersion depth of 30 cm and an approximate shaft angle of 36 degrees, the propeller
maintained an average speed of 5.6 knots (10.371 km/h). Furthermore, the optimized propeller
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design contributed to a 16% reduction in fuel consumption compared to conventional standard
propellers available in the market. These findings indicate that the enhancement of the
propeller’ s rake angle plays a critical role in improving thrust efficiency and energy

conservation for flood mitigation missions.

Keywords: Design Blade, Tip Blade, Camber Blade.
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Apparatus)
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3. 52UD3AA1W3950 (Tachometer) 1A30439
AU ITOULUVIALTDS (Digital Laser Tachometer)
dmsuiannuEIeuVeUNA1VY (Propeller Shaft)
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(Load Cell) Y119 20 kg @115 UIAUTIHGD MU ILAY
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6. yA1AT9a 31915 UL (Adjustable Jig) 9nTaivy
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Adjustable YSuiazdon | Manual Screw/Bolt

Jig Juwan Locking System

Camera uiin High Frame Rate
‘Wi]aﬂiill for Visualization
Cavitation

1.3.6 HWUAINIINABDINATNITIAAT (Experimental

Diagram and Measurement)

( Start )

Y

Preparation->i39, \a503tus, Jig Set

Y

> Setup Variable->ludng

1,500-3,200 rpm.

-Usuyawansi Jig

JSuanuisasey

Data Acquisition: -Thrust & Torque
-Rotation Speed (rpm)
-Boat Speed

-Visualization

Key
-Preparation
-Variable Setup
Process Step
Data Block

Y Calculation

Comparison: *\Q/ -Comparison
-Surface, -Submerged

Cal. KT' KQ, No

-Loop Data
Y

End

gﬂﬁ 10 Flowchart Diagram of the experimental setup

showing
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nazunsusuuiGanaeend (Long-tail Boat System Diagram)
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A. dausiuinas (Power System)
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A2. Fuel Systems——\

B. daudmawuasySusy
(Transmission & Control)
—> B1. Adjustable Jig
t—> B2. Propeller Shaft

I Key
3 Cenors

C. dumsindn

4 (Measurement Chain)
%CL Load Cell / Thrust Sensor
@CZ Torque Sensor
(7)C3. Tachometer Point

D. dauuARIEN1IMISinY
L» D1. Water Level Line

> D2. Propeller Position
gﬂﬁ 11 Schematic diagram of the experimental setup
showing
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2.1 Blade Design
Propeller Base (B,) azilsznoulidedu (Contour)
vo31lsz@nsnmludng (Propeller Efficiency) W30 7,
Advance Coefficient #39 & HAZBAI1AIUNNY (Pitch

Ratio) W30 P/D, [7], [11].
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A1 0 NAUNT (2)

_ npp®

BP - V}.s (2)

A

v . .
ANUMUMUANYRHA (Frictional Resistance) A9 A1

v 3 o

MuUMuNfeAMIIFeaasznIedsenuiii o
A Ao “ ¥ 4.
ieannmsnasudlIvesFouau 1 luihniiany
= . . Y = . .
nua (Viscosity) AUATIUNIUAIINUHA (Frictional

. A A v 2 A
Resistance) fl]zllﬂ']M'Iﬂﬂqﬂaluﬂq'lilﬂ']uﬂTuﬂﬁﬁilﬂﬂ

a 2 o ' ¥
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A . . ~ o v o A
gﬂﬂ 14 Ship Resistance N1NTENINVAUID [6]
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ANUMUNIUANLEA (Frictional Resistance) 11118910

qauNs (3)

Ry = > pV2SCr 3)
A1 Reynold Number (R,,) 1118910 arums (4)
4

Mdulszansusaiunieusnan (c,) mdulszans
ludng (¢,) uazamsza@niamluing (,) vildan
NI (5)

Cp = (P — Py)/0.5pn%D? for propeller

Cr = 2T /pAV, for Thrust Coefficient,

&
119 (A= Propulsion area)
no =T -V, /2nNQ, (Propeller Efficiency)  (5)

A1 Cr 11501118 Taeld ITTA Line (International
Towing Tank Conference) 310 ANN1T (6)

0.075

Cr = (log 10Rn—2)? (6)
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@ o v A
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v A A o qya ' v
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@
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@
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° 4 o ' A o o =
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@
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Fluid Fluid
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Tagnanusadusing v, luszuusrassludng
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meldauudgiu 111vesIvalulinnunilanas Ta
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= 9

Nveun1elusns (Blade Tailing Edge) [7] n101d
A ' Y v 2 o w A
Wouluiinms Ivadeseandroninuiiiine uie
o A { o 3

usaauiinsg Taanveuiieluins deuilugudlu
Yayr1an12zaan (Steady State) 1301l Kuiper G. [7]
¥elmvua a1laTna (Dipole Intensities, @) 18 1ag
Aa A H '
AlAnaNeasauuInTTumiuAazidudl8n13 19

fouly “Fudu Jhu'lddanns (19)

AbPrp = Dfp — Pip + Vier " T7p.

(19)

a d a a a d
2.2 ﬂ1‘§'J!ﬂ‘i13ﬁﬂﬁ%ﬁﬂﬁﬂ'lﬂ!‘li\i@ﬂﬂﬂﬁﬂ]ﬁﬂﬁ
TugumsiinsiziansiouziFgnanamans
(Hydrodynamic Performance Analysis) 404119035 %
v
oonuuu Tl (uuy 3 u, 12 U9, Rake angle 22 8471)
TasNa1sa 1i1u@dI0135154@ (Dimensionless
. 4 A oA a X
Coefficients) Moo F 1815 1ngmMssimtnavulunis
s ¥
nadoug luaai
<
1. dudscanSanssouzvesludns (Propeller
Performance Coefficients)
meliausonSeumsuaussouzuealusnin
2 ™ o & S a P
ponuuvIuIrisulusasia ) Wumsinszvag
WU THED 3 @9 A duilszandusvy
r'd
o a g a @ <
(Kr), dulszansusaiia (K,) wazdunlsnnuii
M1 () a3 (20 - 22)

Va

=35 (20)
T

T = p n2D* (21)
Q

Ko =ims (22)
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Propulsion) IR04A131TINAN (Thrust) g4 Tuamizd
Sasimssmthm

2. wavasnIRaeY 22 09m AetlszanEmumslva
(Influence of 22-Degree Rake Angle)

WU (Rake Angle) 1 22 03¢ Faganlusnsfe
w1981 1)) sy TR0 (rake) danalasns
domuiiiansziuealusng (Effective Blade Surface
Area) 1AZN1TNTEINOAIINAY (Pressure Distribution)
Wufe

- msaﬁuiumuﬁuumunu (Axial Momentum)
11 Rake 22 098 Fau 1 Remams Tnavesthitily
Sns 1T uduase (Laminar-like flow) 303y
AANITPYIAINTIIUIINNITHYUIY (Rotational
Losses) ‘ﬁlﬂmﬂ"lil INg (Tip Vortex)

- aansHalnsLIMa (Aeration Mitigation) Tu
anmzmskdnduhiaiianuuuazias faage
yuTRueuiimng anvzseanmuesn Ui
lusnsaanaliaanisiialnsaeinimas 11l
inseseud 16usaiasadenieside (Power
Transmission) 1Ao810fNYsz@nTamlasliifa
0103 "lusnsus" (Slip)

- ﬂsz?m?imw‘lmiu?]ﬂ (Open Water Efficiency)
1 InsgnFenioudszaniamluiuila

(Open Water Efficiency, 7,) AMWWaUNTN (23)

J Kr
No = - "7
2m Ko

(23)

. e A e a %o o _d
wunludganznsiiauiszauini ludnsh
A a a A 2
pnuUD InulA)sc@nTMNgIga (Mnay) HNTY
pd1fed 1A FIaPANREINUNANITNAABINTLYN
R S ;
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insesoud lidealdseugunuanusuiuioadrans

v A 1A

UNNUAY (Specific Fuel Consumption aA4)



UNANIIY

3. wansnaasatazenisiana (Results and

Discussion)

3.1 #aMINAaad (Experiments Result)
'
iﬂﬂfﬂﬁ‘ﬂﬂﬁﬂ\iWU'JTﬂTﬁlJﬂﬁZﬁﬂﬁ!LiQWﬁﬂ lag

: ¢ :
useadanudsdumuadudseanimsindoudives

3.&

A 2 v A

vodlvafeon ¥eua¥deaussauzvesludnsh

|dy = < A

ponuuy vyl mafFeumeunnuEivesnisvyun
v v q Ada X yy v g v

A anvanldnuimavu lduaaalfisiuudalu

M3190 (3) uazgi (16)

~ 3 A o °

M13799 3 uaaaraveanNuEInszumihnlusnsi g

3
WU ANLTITOU

- Stream water of velocity
Y _
e | (@nufnszumh) gl
v £ 3| =
2 & 2| = = w| 2| &
=
I = E g E 5
& M g g =
1.9 0.9 1.0
298 3.57 | 59.50 33.62
3 9 8
1.9 1.0 0.8
402 3.68 | 61.33 34.66
9 2 2
1.9 1.0 0.5
596 3.59 | 59.83 33.81
4 0| 4
2.1 1.1 0.4
810 3.99 | 66.50 37.58
5 1 4
2.7 1.4 0.4
1010 5.09 | 84.83 47.94
5 1 5
3.1 1.6 0.4
1208 5.76 | 96.00 54.25
1 0 3
33 103.8 1.7 0.4
1410 6.23 58.67
6 3 3 0
3.6 112.3 1.8 0.3
1620 6.74 63.47
4 3 7 7
3.7 114.0 1.9 0.3
1810 6.84 64.42
0 0 0 4
3.7 115.6 1.9 0.3
2008 6.94 65.36
5 7 3 1
3.8 119.3 1.9 0.2
2212 7.16 67.43
7 3 9 9
3.7 116.3 1.9 0.2
2410 6.98 65.73
7 3 4 6
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Stream water of velocity
= 2 H )
g . (ANUIINTSUAUT) Z 5
v E = S
5 & |Z) =) g =] o
= - = = = » o =¥
o =] =] =
S| £ ERRES
& M g E =
4.1 129.1 2.1 0.2
2618 7.75 72.99
8 7 5 7
4.5 140.0 | 2.3 0.2
2798 8.40 79.11
4 0 3 7
4.9 1513 | 2.5 0.2
3006 9.08 85.51
0 3 2 7
5.5 10.3 172.3 | 2.8 0.2
3218 97.38
8 4 3 7 9
Power Torque
120 1.2
—Power Torque
100 1
80 0.8
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40 04
20 0.2
0 ]
&= S8F@agyFREEN
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31l 16 ANV UTVOIMEIT (Power) Htazu3sada

(Torque) Aludnsi
' < A sa Aq Y 2
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< A s A < A s a
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FINIL VUIA 16 153N 4200 SoUADUIN UTW1AT
ATTUBNGU VYUIA 420 — 425 &.8. AUPTUFOING
- Y. 4 -
6.5 40T ANUPIWATEN 1.1 AT TTUUNE V-OHV
s A o A A o
(Maanilegngu) aaaaluzili (17) naziniesda

3 = ' o =
ANULIITOUNITSYLIDUA N ﬂﬂ!!ﬁﬂﬂugﬂ‘ﬂ (18)
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4 e a2
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Level) Tagtiymwarvuilssuia 28 03a1 ludns
v 3 A v = ]
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(11.112 P lamnsaeda Tu9)
o § A o g
Tumaassdudy emuszezavvosludngidu
30 1 UAINAT (Submerged Level) Uszansninluns
] 3 v A v A
a¥1aanusins Ivanduiuurlduanas Tagh
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A v o : :
naael s iU zmIhnuIUURIYN a0y
(Surface Piercing Condition) yoaludnsneenuuy vy
IRaussouziBgnanamans iiiloniian1nzauia
luegdanu

Usingmissidanananioeivieldaarongui
msasemendigludng (Ventilation) Taeluan1iz oy
o 3 « - v q. o
AN omisazgnasas lldnaguusnavdaludng
(Suction Side) i usuiuyu (Buffer layer)
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danalda1u150¥2a0n19NA THIIDINIAF UL
(Severe Cavitation) az e ue 1N sgadons vy
REUNSY (Thrust Breakdown) 18¥19ufinnus 1501
qu

2
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FUDINH (Air-film lubrication) Ml szansnin

a 3
FEAUANVANINAIN (Surface Level)

(11.112 PTawasaeya 1u9)
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@

a 2 < '
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]
~
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Ed

MAIINTTUALL
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1. AIsaausaa1uyinanazusadiuilsda

(Reduction of Mechanical and Parasitic Drag) Aotilo

v
a o

a 2
aaasludns luszauauini ’cT’Ju‘]Ji%iﬂ’ﬂ‘]J‘llﬂQ“]gﬂLWﬁ’l

v W

v
YU (Propeller Shaft) !!’dBﬁ1ﬂ!ﬁﬂﬂ$ﬁﬂﬂﬁﬂﬂu1ﬁlﬂﬂﬁﬂ

]
S a

danaliissd1uisda (Parasitic Drag) MAAINNTT
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Yy 9 H
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2. AuanBULIANIZYe YN TR0 220971
I
( Significance of 22- Degree Rake Angle) 1 unas
ponuuulusns 19iiyn TR ey (Rake Angle) gans 22
A o S A A XA da o ¥
931 Taeldagiseaaaomununminssvinily
ANYULNIINNIA0Y (Surface Piercing) IHaA1IZINAD
H P A [l =~ J y A o
1 yulAueUNILHIE “TANT uazaiNauANaY
(Pressure Wedge) Ninnudndugausnumiluing
¥I8aAN151AADINASOUNG (Ventilation) 19111/ 11
o Y [ v v @ a =y
szuu N ludnsanuseasussnanauF s uiasg
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(Momentum Transfer and Propeller Theory) Tuaaie
e g ‘ﬂ' 1 1] -7 S W
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o ¥ < A 1 o
d11n1W15299 (High-velocity jet) 71 lifiussdudiu
Y
31ANIAUIAT1U VY (Hydrostatic Pressure) 1111% 013
v
V18R IV0I8 11U IMaIuINT (Slipstream expansion)
I [ a 1 0 H
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3.2 msedUsramarBa/Seuiay (validation and
Comparison with Previous Studies)
=S = a d
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(Hydrodynamic Comparison)
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A9y ADANGDINUIIUITEVUDA Olofsson [29] UaL
Ferrando et al. [30] #4521 Tudnshamluaning
Y

=

Surface Piercing i]mJLLSWITLHHﬂﬂ’JHJWﬁﬂ (Viscous

' v o W 4 ¥ do o 3%
Drag) anad0g19ltisd i ioniniuidunailues

o
' Fl

lusnsanasnsenilalundazseunsnyy uennii
ASIRAFUBIAA (Air-film lubrication) YA 1UTAF 3
FraausUFeAN AT (Skin friction) Heapande Iy
UUINAUDY Young and Kinnas [31] #oTured1A21u
WU LYRIE NN INIAEz I (Acrated flow)
dntninisgns S0l lusnsannsamanudisey

" a v H
313 TagliiRa Thrust Breakdown 9101598114 170101

Y

ATl

2. M3A3IVAOUANINYNABIAWANNIINIING B
(Theoretical Validation)

NI HIUAUNTVDY Advance Ratio (J = :—Z)
WuIAANWETITOVFI (3,200 rpm) A1 J ludnizay
a Ao J = = ' Y . .
faluiimdinnaniizniaunsase dewald Slip ratio

49! =) @ Y
gevutazgydendsnulugdvesnnuiounazms
4 f ¥ & o
Tu1l9uv0911 (Turbulence) ¥1A31 Gadudu 1daae
J

—-ﬁ) Tagna
Ko

aumslszaninmvesludng (770 ==

Y 3 ' = = 1
msnaaenaadliiiunluaniiznianniaos Al
< 1 § '
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anaIUoIdNY s aNTuI Ty (Kr) E]‘Ll!ﬁ’t]ﬂiﬂﬂ]ﬂﬂﬂ
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4, agﬂwa (Conclusion)

INNITANBILAZNAADUANTTOULITIQND
warmaaivoalusnsSeviinvuia (Surface Piercing
Propeller: SPP) 11 5uszvundnduilunisne
VIINMYNNAY Yumusadnsed Fuasied uag

Y
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4.1 N ANIINVBIINIIINANAZANTIAUITIQND
d
nwamans
1. wgAnssulnssIma wamsvenunluaning
o2 -
AN (Surface Level) 1AA151nn158in13A101018
119 lusns (Ventilation) Feo1niavzidnlinagu
v '
U3nUHaIludng (Suction Side) wganssuiaenlasy
gUnuunnInssermeuuy leszime (Vapor Cavitation
Aa o ' a Y £ g
) AANuguusaznansaurd ludns Tnaieiu
TW3991MIAUURANDINA (Ventilated Cavitation) &9
uANuEdesINNIM
o 3 2, Y A g
2. MIAIVYNANNAY FUoIMATIHI T Y
Buffer Layer N428A309uAwaunuia ludns Tald
dagaungaInga deawaliamisoyzaonisme Tnsg
81N1AF U5 (Severe Cavitation) Haz1oanuoIN1g

gaydonssuBeunay (Thrust Breakdown) #if#191u

= <3 =

1nWI32591G9D9 3,200 rpm
< ¥
3. Wwadugns ludnswiia 3 1 vuia 12 49 yu
9 <2 A <
Rake 22 0371 19A1M59ms lvamasgaga 6 Toa
yawan 28 84 Feganiannzauiialy (5.6 fien)
peiiod ey
4.2 Uszansammslynasnuuazlvaamana
da o . 4 4 ,
nsnluansiauluaniiznaanniaseyisan
139A1UIINAUNIIA (Viscous Drag) 1199910 NU
, . N
NUUUYRIAIURANDINIAAZIIAINI11UT NG
Y
ngAnssuiaINa 1aonsIAoN15aAn15 Inaa (Torque
A A o q Y A s
Load) Na4018910AT098UA M1 1HIAT090UAYUIA 16
v o v g a a o
w1 oo Iddulszansamuazandai
2 A Y o X a vy A A
msaunldeainiuremasaslddesas 16 iomeu
nuludnsunsgiu
A U % U =S
4.3 MIBUTUHAAIHANMININGHE
nan133veduduInseenuuuludng Iiviiau
Y . . . [ Y 1 1
n1eldna'ln Air-film Lubrication 578 1% n13 @ 9818
@ I [ a
Tuudnvesveslvaidu'li1dee 18 ase awngu]

v
o_ o

3 X a
A1UININEITIGN (High-velocity Jet) GdINWi]GlﬂiiiJ”llﬂﬂ
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TH5401MAIDTE 110109 (Ventilated Flow) 1F1
Tosendnii 1 lusnsfiauduiiaussous
milonNannemsinunuulng
4.4 YomuenuzmSunuidelueinnn
arsfimsAnsuiaanfety Tnseairadanaves
Tnsaerne ( Cavitation Cloud Structure) Tagld
suusaeanamansved lnamasiuis (CFD) $auduy
ﬂﬁﬂﬂﬂ’ﬂmﬁﬂgﬂ (High-speed Camera) Lﬁaﬁmﬁzﬁmi

¥ . da s
guamvesInseeimalniuiiaznon Feezaelu
msnauiaquazginsdludns Idianununiude
ManaEe (Erosion) Tuszazeiuazliaussous gaga

luannggnndvaseediadagude 1.

a % Jd
NEIUANN
Fp = 1153900807 (Buoyancy)
9
7V =1U51055291990U1 (Volume Displacement)

R, =Reynold Number

Py =duruguinaialuing (Diameter), (ft)
Q =us31a (Torque)

Py = fidunsesnslig (Brake Power)

P, =mMaunan (Shaft Power)

Py = mMavsz@nTma (Effective Power)

Pp = Masd (Delivered Power)

Vy = AT IEANUS (Advance Speed)

Vs =aui33904150 (Ship Speed)

Ry = anuiumuise

Rp = ANUAUMUANLHA (Frictional Resistance)

Vv
= ANuKHAU I (Viscosity)
= TWIUTOUMINYUVOUAT N5 Triy, Tudns
] I
ey rpm
a a a2 o .
ne = UsgANnSNINAYS (Gear Efficiency)
nr
K
S =wundlen (Wetted Surface Area)

= 152ANTANWNITAY (Transmission Efficiency)

o < o 2 . .
= qulse@nEMInani1 (Quasi-Propulsive
Coefficient)

b
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Cr = Fulszansanudumiuauila (Frictional
Resistance Coefficient)

w = ﬂ’JWﬂJL%OL%ﬁgﬂJﬂJ@QiU%ﬂ’i (Propeller angular

velocity)

T, = anudans lvadh Quszuvasiivesde),
[ Effective inflow velocity ( in the ship fixed
system)]

U o = awidams nah Auszuulusnsasdi) [Local

inflow velocity (in the propeller fixed system)]

q,= AWI539W, (Total velocity)

-

V', = Total velocity on wake surface

Cp = (P —Py)/0.5pU2 Pressure coefficient for

otherwise

Cp = (P — Py)/0.5pn%D? Pressure coefficient for
propeller

Cr = 2T /pAV, for Thrust Coefficient, (A= Propulsion
area) Snlszansusay

Mo = T - V,/2nNQ, Uszaninmauesluing (Propeller
Efficiency)

Ne = Ry - V;/2nNQ, Propulsive Efficiency, (R= Total
Ship resistance)

I_/')Tip: Total velocity at the center of the tip vortex core

K, = Ardulsransusaiia (Torque coefficient),
K, = Q/pn*D®

K, = fl Wﬁnﬂizaﬂélti 99U (Thrust coefficient),

Ky = T/pn?D*

n= mm?imimgumm“lu%’ﬂs (s0U/3UM), (Propeller

rotational frequency, rev/sec)
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Abstract This study aims to examine the application of Artificial Intelligence (Al) technology
for preventing merchandise theft in department stores. The research focuses on exploring Al

technologies that can be applied to theft prevention, developing a conceptual framework for
applying such technologies, and evaluating the suitability of the proposed framework through
expert assessment. This research adopts a qualitative research approach using documentary

research, emphasizing the analysis of relevant documents to develop a conceptual framework
for this study in preventing theft in department stores. The proposed conceptual framework

consists of theft risk management, the identification of risk-prone areas based on retail

business formats to determine appropriate technological applications, budget and
consideration of legal frameworks related to theft prevention technologies in department
stores. The results from expert evaluation indicate that, overall, the proposed framework is

appropriate for preventing merchandise theft in retail businesses. It can enhance the

effectiveness of security systems and aligns with modern retail risk management practices,
particularly through the integration of Al technologies with (Closed Circuit Television: CCTV)

systems and behavioral analytics. Organizations can practically apply this conceptual

framework for shoplifting prevention under a clear risk management approach by starting with
high-risk areas and selecting technologies that align with the business model, budget, and

existing organizational systems. In addition, legal requirements and cost-effectiveness should
be carefully considered before implementation.

Keywords: Atrtificial Intelligence (Al), Shoplifting Prevention, Department Stores, Retail
Business, Behavioral Analytics
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Abstract: This research presents the design and development of a gantry- based Mini
Automated Storage and Retrieval System (Mini-AS/RS)as a prototype for automation systems.
The system employs an X-Y-Z motion structure controlled by a PLC via push buttons and a
touch screen interface to enhance positioning accuracy and reduce reliance on manual labor
in storage operations. Quantitative performance evaluation shows that the system achieves an
average operating time of 23.1-30.2 seconds per cycle, with a standard deviation of less than
0.23 seconds. The average positional error is 0.2 mm, and the positioning success rate is 100v%,
indicating high accuracy and repeatability. Furthermore, a pre-test and post-test assessment
conducted with 40 students revealed a 30.22% increase in the average score, with statistically
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significant improvement. These findings demonstrate that the developed system not only

achieves reliable engineering performance but also effectively enhances learning outcomes.

Keywords: Automated Storage and Retrieval System; Gantry Mechanism; Programmable

Logic Controller; Automation Education; Miniature Prototype.
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Abstract: This research proposes surrogate model optimization (SMO) for engineering design
by the use of machine learning regression algorithms and an optimization algorithm. The SMO

proposed in this research features an optimization process designed to use only a small number
of generated solutions. Additionally, variable scaling is applied prior to constructing the

surrogate model to ensure that each variable has a similar impact on finding the optimal
solution. The machine learning regression algorithms to be evaluated are gaussian process

regression (GPR), support vector regression (SVR), and artificial neural network (ANN), while
the optimization algorithm used is particle swarm optimization (PSO). After testing with

benchmark function optimization problems, GPR with PSO has the highest performance and
outperforms the design of experiment (DOE) technique, Taguchi method. For three standard

benchmark functions, the proposed SMO using GPR and PSO vyielded average errors of
0.0001, 0.0000, and 0.0856, whereas the Taguchi method resulted in average errors of 0.0000,

0.1249, and 1.0000, respectively. Thereafter, SMO using GPR and PSO can effectively solve

engineering design benchmark problems and engineering design problems with the numerical
calculation by Solidworks software. It produced design objective values with deviations of

only 0.63% and 0.58% from the exact solutions for two standard engineering design problems
where the exact solutions are known. Therefore, SMO using GPR combined with PSO is
considerably suitable for surrogate model optimization in engineering design problems.

Keywords: Surrogate Model Optimization, Machine Learning, Regression, Particle Swarm
Optimization, Engineering Design
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Wudgyminsmiaunungiganiasgiu daldiie
NATDO LN Machine Learning Algorithm Mnuizay
A oA I 9 a
yauzingui 2 Wulyminsesnuuun1eaIImns sy
' oA 3| Y.
a3 gy daungui 3 Huilyrinisesnuuunigay
fn55uTAsAI1UIN Finite Element Method (FEM)
TaoTa/sunsu Solidworks yaiz SMO gnALIAIY
T1/510n53 Python TA8$11IU Generated Solution 114
Y
Tunaazdymivzuanateny Tasduegnusiuiudg
u1ls wagdmauSeu lviiady (Constraints) Taotlaymn
' ¥ A A a &
2 nguusnldienadouilszansnwued SMO N1
U§17AndIM1nN3511 Explicit Function 499 Objective
1o &
118¢ Constraint 182 s uiludesld sMo mszanse
14 Optimization Algorithm 521Au T sunsURMIINZ AW
U Python, Java, Matlab 1H9a9AM IR Objective
1182 Constraint 1¥11a17P8WT 120510 Explicit Function
uda Taalunied§iiauds sMo mangi Iy
oA R v ° ..
nqui 3 saldarnulumsdiuia Objective tay
o ° % o g o
Constraint #4n15A112% 1as FEM Fasuilulesiuau
Generated Solutions 1#looNgamsiziinalagasany
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uag Rosenbrock Function Iﬂﬂﬂiyﬂ111m531u‘ﬂﬂﬁﬁm
A =~ a a o '

!Wﬂllﬁ&lﬂ!‘ﬂﬂﬂﬂigﬁ‘ﬂﬁﬂWWﬂlﬂﬂ SMO NUNITHNINT

a

A aaX I as
!ﬂil?xﬂi:fﬂﬂ']ﬁﬁﬂﬁqﬂlﬂu'l‘ﬁLL‘U‘]Jfﬂiﬂﬂﬂl,!‘]_l‘]Jﬂ1§
. . = sladd'd T
NAaDY (Design of Experiments, DOE) #9143 nisenN

A5n13N1)% (Taguchi’s Method) [18] Ty 11103511
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1 § 3 @ 3 a 1w a
Tymirehge uaazdnnlsifludaszaenueiuiedie
aumsh (1) Tagi x,,x, € [-10,10], MaoVANGARD

x*={0,0} #17 f£ = 0

3 19 3 Sphere Function

flx,x3) = xf + x5

(1

ﬂiy‘ﬁTﬁ 2 A9 Multi-Modal Function [18]
(U7 4) TageTinedreaumsh (2) Taoh x, x, €

[0,8] MapUANgARD x*={3,3} Hali /* =1
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jl'ljﬁ 4 Multi-Modal Function
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@

sin[n(xz—S)]|
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y { <
ﬂtgmﬁ 3 fi® Rosenbrock Function (gﬂﬁ 5) 1w

]
A

aaaumsi 3) Taod x, x, € [-5,5] AnouAngade
& q 9 2 o o ¥
x*={1,1} 3319 7 = 0 natluaaz Tayrraziinssus

4 v . {q ¥
10 ATIUDIADE Algorithm N1 1%

25004
20007
|

15007
mno%

500 4

gﬂﬁ 5 Rosenbrock Function

f(x1,x2) =100(x3 —x2)* = (1 —x)* ()
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Tunisdiudrnvz 1¥¥onu3 Python 1aw
Learning Regression Algorithm Tu smo ﬁlﬁﬂﬂlﬁﬂ
Ysziiiu'ldun msnaneedlonszuiumsmdidou
(GPR), M3nA00gFNN0sALINIADS (SVR), Ag
Taseuelszaniion (ANN) Tag GPR 1182 SVR 1%
on14910 Library “sklearn” Tag GPR #afinmsalszana
aruusilsausiuvesdoyass 19 Radial Basis
Function (RBF) 1un1sdszmmdand1n Tasfived
89NN Hyper Parameter ‘ﬁ%ﬁmﬁ Optimization 1aun
Length Scale (/), Variance (&%), 1az Noise Variance
(%) Taw Optimizer 711901811 GPR A0 L-BFGS-B
algorithm Gumzﬁ SVR 19 Kernel 1114 RBF Lﬁﬁ)slﬁl
Yszmnuanuduiusuuylidwsadu Taeld
Regularization Parameter (C) 1182 Epsilon (&) MY
100.0 1@z 0.1 AMUEIAY dIU ANN azgnisonldnis
Library “TensorFlow” Tae ANN 19 2 Input Node #14
AT 1az 1 Output Node AT IUIU Objective
Faumiiu 1 Tae ANN 1 2 Hidden Layer Taguaas Layer
Usznoudie 20 Node t1a Activation Function L‘ﬂu
Hyperbolic Tangent Function | Nonislszuiw
anuduiusuonlifuFadu vazd Output Layer
1% Linear Function LidJLl Activation Function 18 ANN
14 Learning Rate=0.001 Y@l & ﬁ Optimizer ﬁcl,"]gf’ Ao
Adaptive Moment Estimation (Adam)

TunismidineuveInIsMIAIHIIZ T gA
nuuHraesiumu (sMo) lundaznsdieziildmaouii
a?1ady (Generated Solution) 314U 25 A1ADY
1¥UIRBINY Taguchi’s Method Tae SMO 1% 4 Aaew
E'iilc?l}uiﬂﬂdil mm:‘ﬁ Taguchi’s Method 14 Orthogonal
Array OA (9,2,3,2) 1482 Reduced Rate (RR) = 0.6
1HuFedTURY [18] 9 Taguchi’s Method 1101511
FADY 3 501 FarzTlMAoUR a1V UNIAY 9+8+8 =
25 IR0V 13199 1 59 13190 3 udaRIRGY, SD, M
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aud1ay ilenfiouieunnig Regression Technique
#1911 SMO 1a8 T-test WU GPR 1H¥wadnsanI p-
value < 0.05 14911 SMO #i19 GPR nag PSO

'
o =

v
113801 e VR Taguchi Method Naaolvinasinouh
@591 U Exact Solution 11 Sphere Function PR Y YR
Multi-modal Function 1482 Rosenbrock Function 1ag T-
test WU GPR 17 HadNTAn31 p-value <0.05 lag
faouii 18910 sSMo 19 GPR uaz PSO limaeuiasa
11 Exact Solution 11 Sphere Function L6 Multi-modal
. s
Function ¥24£# Rosenbrock Function 14 11184910871
115AUDY Objective function / luaun15N (3) UA1AN
=2 I 'y o q. ¥ '
PINAD 100 AUIYNIY ﬂﬂwwmmmammﬂﬂxgaﬂm
o =2 o & = A o
INBUYIAI 5'Hlﬂ\1ﬁﬂ14mZﬂQ‘JWWﬂNﬂ"IﬂﬂEJ'JLu@QﬂH
v v
(Coupling) ﬁzmnmuﬂﬁmﬁmﬂauﬂhgﬁmﬁm
@ 1 = 1
IulﬂﬂulLiﬂGUﬂﬂﬁllﬂWiﬂﬁﬂﬁTJ Lmﬂﬁavlﬁ"n GPR+PSO

Taeundlndifesnufmaounuissaneaunis

{ v do .
@lﬁNﬁ 1 HAaWDHAIMDU Sphere Function

_ Taguchi Regression Techniques
/ Method GPR SVR ANN
Avg. 0.0000 | 0.0001 | 0.0356 | 0.0414
SD. 0.0000 | 0.0002 | 0.0369 | 0.0687
Best 0.0000 | 0.0000 | 0.0011 0.0036
Worst 0.0000 | 0.0008 | 0.0871 0.1443

@

A1519% 2 WA wﬁﬁmau Multi-Modal Function

_ Taguchi Regression Techniques
/ Method GPR SVR ANN
Avg. 0.8751 1.0000 | 0.8583 | 0.8362
SD. 0.0000 | 0.0000 | 0.1443 | 0.3266
Best 0.8751 1.0000 | 0.9977 | 0.9996
Worst 0.8751 1.0000 | 0.5772 | 0.2164
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A15199 3 WAGNEAIADUN Rosenbrock Function
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NANAFNTATIFURALINUND Benchmark Optimization
Problem tite1flunisuanssz@ninmues SMO &8
113149 GPR 32wy pso TaeTgyn1d 1 1iuns
90NUUY Two-Bar Truss 199194 UUUA? A(gﬂ*?i 8)
91031 b =30 inch, Truss MNTAQIANUHRUMUY P
=0.3 Ib/in’ , Young’s Modulus E = 30000 kpsi, 139 P =
33,000 kip Taviazdl 3 daunlslumsesnuuudeving
b, d,uaz ¢ lumiefia Taoii b € [10,30],d € [1.3],
way ¢ € [0.01,025] ail Objective YDINTOONLLUAD
Truss doailhmindosga Fednnal§nnaunisii
(4) TagluaIuved Constraint 9z9nM¥iuA TasAI N
1 (Stress, 0) Tu Truss, ANuAuIng (Buckling Stress,
AN ER AT IR o) fuseanserdaaunsi (5), (6),
1ag (7) uaIay vazdou vty (Constraint) W
amveadiiiae o#oeliifiu Yeild Strength (5)
04 Truss 1A 5, = 100 kpsi Fsarumsii (8), odoal

nuaNuAuIng o, Aaaumsi (9) uazszes Saogli

U 5. = 0.25 in A9dYNI5N (10)

max

Section A-A

f =W = 2ndtpy b? + h* )
2PV b2+h?
0O=—— 3)
ZZTE;‘%ZtZ)
n“E
% = gp2ei) ©
_ P(h2+42)3/2
T 2mtdh’E @)
g1=0-5,<0 ®)
gr=0—0, <0 )
g3 =0 —0max <0 (10)
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A

TAu Objective iz anfigafin1ilazana 11.8093 Ib
a0 h, d, 1= 30,2204, 0.067 112 A [22]

SMO (GPR+PSO) ldff1anuizudu Tasmsgu
1067 Tagldineunanua s0@1 a15190 4 uaas
faewi 18910 SMO (GPR+PSO) futlaym Tasnusn
&S moui 1diminued Truss 11.8836 b uanaaiy

A W A - I
0.63% Tagharduilsesnuuuin’ldlag SMO ATiAN

Y v o Y a
IndiReanuiineuuNeIa91n [22]

M350 4 Maeui 18910 SMO (GPR+PSO) futlaymn

N1599NLUY Two-Bar Truss

Variable | Value (in) Constraints Value
h 29.4950 g -0.0161
d 2.2216 g, -3.3195
t 0.0675 g5 -0.0500

s W = v g o R o
dusuynid 2 [16] dunvandadalinnuau
3000 psi LazliTU1AT081961 750 ' HINTINTZUDNN
A 2 Yy Y & o Y Y
Mada1eni 2 AuAIATINTINANAT R8N TFLHY
Tanzgdhu uiuTanzdhugmieumuuuiuie 119 14
o s 4
N39nT2V0N ARLTZAIA (Objective) Aota AU
@ Y T Y [ &
sou dulseenuny laun aAnumnaiunihvas (ass
NIINAN) x,, ANUHRUIFIUNITINTZVDN x,, TN
X, HAZANWYIIMITINTZVON x, TasNanls x, 1ag x,
0 (] A 2 A ) I .
A Tuaeiies Falianmnusiuauauga 0.0625 in,
Objective YDINTOONUULLAAIAIAUNIN (11) VR

Constraint HAAAITNMIA (12)-(15)

f =0.6224x,x3x4 + 1.7781x,x3 + 3.1661x2x, +

19.84x%x, (1)
g1 = —x1 +0.0193x3 (12)

g>» = —x, +0.0095x3 < 0 (13)

s = —mx3x, — 37§ + 1296000 <0 (14)
ga=x4—240<0 (15)
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Tagi 1x0.0625 < x,x, < 99X%0.0625 tag 10 < x,x, <
200 MADUANTAVII x* = {0.8125, 0.4375, 42.098446,

176.636596} Tagl¥ian fix*) = 6059.714335

D e—m——_ 7

@

gﬂﬁ 9 D35ULI5IAY (Pressure Vessel)

SMO (GPR+PSO) Wﬁmauﬁuﬁuimmiﬁ:u
4067 TaelFfaunanua 150§ A13199 suaaa
Araouildan sSMo (GPR+PSO) nuilgyvi1ng
PONUVUNITULTIAY (Pressure Vessel) 1agW1 21
faouii 18910 SMO; x__ - {0.08125, 0.4375, 41.9011,

179.5759}, £. = 6095.0246 1na1Asanumao Ui

fIMOUANGA x* = {0.8125,0.4375,42.098446,
176.636596}, f(x*) = 6059.714335 HINA1 £UANAINY

0.58% o Nmne1 Iag SMO 15090 1d

A15199 5 Ao 1d91n SMO (GPR+PSO) f115

ONLUUNITULTIAU (Pressure Vessel)

Variable Value (in) Constraints Value
X, 0.8125 g -0.0038
X 0.4375 < -0.0378
X, 41.9011 g -2635.97
x, 179.5759 g, -60.4241
Objective [ 6095.0246

3.3 ﬂaujmﬁﬁmamiﬂﬂ Finite Element Method
N1399NLUY Cantilever Beam ’juﬁﬂ Cast Alloy

Steel JUs 19T imAsua1anyFagli 10 galdiilu

nsaiAnuIdImsumInageunularInIsoonuu

A1UIY Finite Element Method (FEM) Ta# Solidworks
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v
[ | U
9103UAU1ITINNWNA 540 mm uazusnilu 2 du
A A & ' . & A = 2 A
Ao ILITlug1919 Top View itlummasun1any i
1 A A . I
210817 460 mm LagdIUNY Front View 11U
= a Ay ' & o
THAOUAUAINAIING1Y 80 mm AIUNILT LTI
.. A A v o A
Distributed Load NN 338 WF394 1000N @211 59
v A y A 9 v
A0IN1T00NUULAD ANUAINTUAY (b) ANUNI
auiho (v) wazaumuInIu () Tagi 50 mm < b, <
150 mm, 4 mm < bfé 40 mm, 482 10 mm < 2 <20 mm
[ =1 A a & v o . L2 I
natiTyn1iidl 2 19oulufadD (Constraint) FnAo

Maximum Von Mises Stress (o) 8% Maximum

V,max

Deflection (&) V9IAIUADI 1IAY Von Mises Stress

max:

sou'ld (o

v,

) wazszezusunueen’ld (5,) awdidy
A A 3 o A
vaue N Objective () ABUIMUNIINVDIATY TasTag
A g 4 v o ¥
ponuuu i Idmundluldarudeu lniiduniaes
~ Y o Y A 2, )
wagtihmindesiga Tasn1uilviaindeg Cast Alloy
9 g v
Steel Jeyn1tinen 1a1iu 2 n3dia 1y Constraint #
HANANNUAIATIT1N 6 LaBaaIndaunIsi (16) Lag
T v Y
(17) Fanustasauds SMO Hmug UYL UL
2
HmsgldnaiuiulunisAiuie Objective oy
% o g o
Constraint 18 FEM & 43113 11431191 Generated
Solutions 1o gaws1zlina Tasasenunaiinlylu
NINIAIABY N15AIUIY Constraint L1 Objective 11
Aa Y 3o
Tag 14 Solidworks 31901 3 HAVIATUIINT UM
MIa319 Surface N Fixed tazlausanszaingd aedde
° v A Y ° L.
#$1715e319 Mesh 1o 1% 14n15A14I8! Finite Element
¥4
v
Method (FEM) 910UUNTIWITDNIT1U Von Mises Stress,

Y 1
Maximum Deflection tiazii1viinveaniuas 1118
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460

~,
i | b |b
Area of Distributed Load *
Y
Top View Distributed Load
y [I11]y
h
/i{ T

Eront view

i . T
gﬂ‘lﬂ 10 Cantilever BeamgﬂiNﬁmaEJNﬂN‘Hy‘

?1519% 6 Constraint YVOUAAZNTANTOONVY Cantilever

Beam 313 u@magun1aMY

Constraints Case 1 Case 2
O, ., (MPa) 75 150
0,, (mm) 15 75
91 = Opmax — Ovau < 0 (16)
92 = Omax =S <0 (17)

A13190 7 Maeun 1#91n SMO (GPR+PSO) ¥04M3

99N Cantilever Beam J1/319FMasUA1MY

aanls nsEii 1 nsdii 2

b, (mm) 112.45 73.42

bf (mm) 9.34 8.29

h (mm) 20.00 20.00
g, -0.11 -47.40
g, -9.94 -0.01
f 4198.80 2840.65

A13199 7 naasdIAe A 189N SMO (GPR+
PSO) ¥9411599ALU Cantilever Beam gﬂs'wa?rm?iﬂn
aany 37t 11-307 16 1809 Generated Solution Az
ﬂé’l\ﬁﬁ]‘u SMO, Constraint 181¥ Objective LL@ia&:ﬂ%\ﬁJBQ
SMO, Contour Plot YB3 Von Mises Stress GlJENﬁMFJiJﬁ
18310 SMO, 11ag Contour Plot ¥®4 Von Mises Stress

v v
V94 Deflection of Beam ¥03fa017 1@910149 2 n5dl
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Abstract: This study presents the design of a multi-link slider—crank mechanism for
generating vertical motion in legged robots. The design problem is formulated as a problem
of multi-objective optimization (MOO) with two primary objectives: (1) maximizing the
vertical motion range to cover a specified target interval, and (2) minimizing horizontal
deviation of the center of mass during motion. To prevent bias toward oversized mechanisms,
the total link length is incorporated into the formulation. The MOO employs the Non-
dominated Sorting Genetic Algorithm Il (NSGA-II) to obtain Pareto optimal solutions.
NSGA-II yields 508 Pareto-optimal solutions, notably, 40.35% of the solutions achieve
horizontal deviation below 1 mm. Compared to single-objective optimization (SOO), a
specific solution obtained from the MOO solution set achieved a reduction in total link length
of over 30% while maintaining high vertical motion efficiency and low horizontal deviation.
Consequently, the solutions obtained from MOO offer more compact mechanisms than those
from SOO. These findings highlight the effectiveness of the MOO framework in providing
design flexibility and practical suitability for implementation in mobile robotic systems.

Keywords: Multi-Objective Optimization, Multi-link slider-crank Mechanism, Mechanism
Design, Genetic Algorithm, Legged Robot
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Mulit-objective optimization problem
Minimize/maximize f;

Minimize/maximize fy

Subjected to constraints.
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Mulit-objective optimization problem
Minimize/maximize f;
Minimize/maximize f,,...,
Minimize/maximize fy
Subjected to constraints.
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