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£5. 8 AL A9AF A B9 AR AsGe FEE 45 20 A5 s Ae BT
2 0. 4 E d7ie 232 3l A AYES Adets Hriol-9rlole dAS Eol A
o8] A No] 7hs A S} Dead-point positions 2-8-3F double toggle mechanisms ©] &3] 2% &3
Al AskE A e SH0 e LA EsHA] o, o] FRHATE HE o]&ste] A2 Jor:
AA Asdoh. g, 719 A lE gl 2 FE gARls A% F AT AAste] 349
Wste A3} starzt epglvk. B AAE S HEHA A gEslof ot Sl A @sAte] Alg
st 2ES o IS Hed F S Fo=E vgET.

Abstract: This design aims to enable manual forced opening of the windows of the power window system in case of an
emergency. A double toggle mechanism utilizing the dead-point position was designed to prevent malfunction even under
strong vibrations and shocks during vehicle operation. By leveraging the force amplification effect, the system allows for
easy operation with minimal effort. Through this design, it will be possible to protect human life by helping passengers
to escape quickly in situations where they urgently need to escape the vehicle.
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Fig. 1 Internal structure of power window system: (left) illustrated diagram of double bowden type'V; (right) actual
photograph of single bowden type
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Fig. 2 (Left) Internal structure of the motor dection: illustrated diagram‘'V; (right) actual photograph of motor section
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Fig. 3 Configurations of a nine-link type double-toggle mold/die clamping mechanism: (a) final position; (b) initial
position?)

Fig. 4 Structural diagram of a nine-link type double-toggle mold/die clamping mechanism?
F,=3(N—-1)—2(g+/p) =309 —1) —2(10 +2) = 0 (1)

AN N& BA9 M, 2 Fd 2AEY AF, Jp2 ZE)2ujy 2AE JfFojtt. o ¥4
HAYSFo 23 fﬁ Sl AHl, 5 0DOFE 7} Z}-Z(overconstrained) JEl 4 S oJu|gtr}, 18}
AAE o] WAYFS 1DOFE 7W , ol WA A Frxek 53 Y)eketA wiA| Yol Zhsefit
ol F3 DTM< 37}x]4 Nes T8 F Aok

BT WAAJA F FAavk BEe fAC EAEte] vl 7192 A

) RE Y25 A"z FPse] YS
ek o= Ad F = AE7E o

2) A 25 HBoR FYHAE Vo AN +5s & ¢ vk

3) T4 B A o] By BE FAVF HeA A5 0DOFE HgtEo] e nAgEs At

DTM #HA+= F 9719 Fa= o]Fozl % l"i*(top)% 3l (bottom) ™A T-FE 7FAaL oy, E oA
A s AfFes nAste] Ba7F 43 75S Holws & o3 1‘:} weha, AA AAel M= A
Fof b 2 BFE 18 28t ‘3,4\9}'1, s ol disiA Rt JFete] A e Aol

wEpa] Ao AbgE 9] X4 Fig. 49] rlL, 2L, 13, rda, b, rde, 152 W E W | o]9} &

FHA A Lx)7t Aot 714 Lx)= A AF o] ARAlel -2 ¥ S (ground link) o] A1 F-E] BLE]
Fof 2P| RU) gte e A HA ] ARE yYERdY. F3 X k] 718ehE dAlE o 2o

o, = cos—! 7"4241 + r4-2b - 7'4-20
* 2T4aTap 2)
L= \/xz + (1, — 121)? 3)

Yir = sin~'(x/1,) 4)
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0, =90° — (a4 + v, + Var) (7

1,,Sin0, — e
s = 360° — sin~1(=2—2~ *L (8)

s

L(x) =1y, cos8, + \/rsz — (rypsinf, — e;)? )

232DTM AHA

(o

do Ae vgor Zradye o YL o2 AAVT. YA o] AL Fa AAH DIM
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Table 1 Results of the parameter study for the function L(x): 30 mm < r4b + r5 <40 mm
riL [~] r2L [~] rda [~]| rdb [=]| rdc [~| 5 [~ r3 [~ x1 -] x2 [=| Lx1)~]| LE2)[~] AL [T rdb+r5 [T

20.4 20.6 12.1 12.8 2.9 17.2 14.7 3.0 25.0 4.6 16.9 12.3 30.0
25.3 20.2 14.5 19.4 10.6 20.2 19.5 3.0 25.0 1.6 15.0 13.4 39.6
27.0 22.2 12.4 16.5 6.9 13.9 13.2 3.0 25.0 16.1 28.4 12.3 30.4
24.2 24.0 14.5 13.5 7.2 17.7 15.2 3.0 25.0 6.2 19.3 13.1 31.3
28.9 12.7 9.0 13.6 12.7 20.2 21.0 3.0 25.0 14.4 28.1 13.7 33.7
28.5 10.5 9.3 12.6 5.9 22.2 26.8 3.0 25.0 16.8 28.9 12.1 34.8
255 226 12.7 136 59 16.6 145 3.0 25.0 9.8 237 14.0 30.2
29.5 19.3 12.6 18.3 6.6 18.0 20.7 3.0 25.0 14.9 28.4 13.5 36.3
22.6 23.5 14.2 15.9 8.7 21.7 14.4 3.0 25.0 11.1 24.6 13.5 37.6
20.7 22.3 18.9 17.6 6.2 19.0 21.5 3.0 25.0 2.2 14.5 12.3 36.6
29.6 12.6 9.8 17.5 11.6 16.3 21.2 3.0 25.0 16.5 31.2 14.7 33.9
20.4 16.3 11.5 11.0 5.6 22.3 16.0 3.0 25.0 14.4 28.4 14.0 33.3
24.3 24.5 15.4 18.5 9.4 19.2 14.2 3.0 25.0 5.1 19.2 14.1 37.7
29.5 14.5 8.6 14.1 12.1 25.7 23.2 3.0 25.0 14.2 27.6 13.5 39.8
22.1 21.2 14.8 14.7 6.1 16.3 15.3 3.0 25.0 5.0 19.1 14.1 31.0
235 21.0 129 15.2 6.4 189 13.7 3.0 25.0 149 28.2 133 341
25.7 16.7 11.3 17.8 17.1 18.8 16.5 3.0 25.0 3.6 15.6 12.0 36.6
26.9 22.6 12.3 15.6 11.2 20.9 15.6 3.0 25.0 2.5 22.5 12.9 36.5
27.4 17.3 10.3 15.2 15.9 23.4 16.8 3.0 25.0 13.6 26.6 13.1 38.6
25.5 23.3 15.3 12.9 5.8 20.0 18.0 3.0 25.0 10.2 22.4 12.2 32.8
29.3 13.8 8.7 12.8 6.8 22.3 23.7 3.0 25.0 16.3 30.5 14.2 35.1
25.6 23.5 14.1 17.0 7.3 20.2 14.7 3.0 25.0 13.8 26.1 12.3 37.1
25.1 10.8 9.0 14.2 9.7 21.9 21.7 3.0 25.0 15.2 29.7 14.5 36.1
23.7 11.4 11.1 15.4 7.3 21.2 22.3 3.0 25.0 14.8 27.6 12.9 36.6
21.1 243 18.1 148 57 17.4 224 3.0 25.0 33 16.0 12.7 32.2
26.0 18.6 11.4 17.1 8.6 20.7 16.3 3.0 25.0 17.9 32.5 14.6 37.8
24.8 19.3 10.9 13.2 5.3 20.7 15.0 3.0 25.0 17.8 32.5 14.7 33.9
25.2 22.5 18.9 14.1 6.4 20.8 22.8 3.0 25.0 7.9 21.0 13.0 34.9
26.4 14.6 12.7 15.5 5.8 18.7 24.5 3.0 25.0 T4 21.6 14.1 34.2

Fig. 5 Configurations of double toggle mechanism (from left to right: initial; intermediate; final position)

B3 on FHole 724 544, 4 FFY A $A =
th WAYFY] A A7)7F ZeldaE Fdd A7) Al
= Q FEge oS AKX ol HA 7t 1M, 9EH e A
(lamrnmg) *oh Eﬁt E% 94 ‘l FATE Bt A = EAR ojo]d £ vt wEkA HE A= A%
2 2Y AN TS F A= 14 x5 areste], %71 (robustness) 2t AlZ| S 13 4 9l
T Hd9HE e AdnEot %ﬂf& APstRTE AT AFelA olwd Ao oAE glo] A
Ao JFate As HA9H BxE AAste] HF AAE AAssih
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3 Ao A Fig. 8¢ 1 HA St 5 H(elst P 1, HA 5HE AZaA == AAES S AFdA
S 9S F UATh gpolojE AAHZ 7] o]Ake] S et REFo| &3l oS ol AUoF AL
Ao A "Hojgd 4= lom TEFoA o] 7tald A9 HAe Fxo o8] Ha 13 HA 57F A=
Hhjbeko 2 38 7hshr] wiol] B e3]d He AshA A"

A T8 T 1A Aol ofs AE el " B 19k FA 59 HFe] ZeE JheAel A
o2 A s mE el AbEE 98 pt 8F BIIN AF ASES HAT F dE
Agk oo dgslofol @t Y AALS Fohvl 8 P2 2 AEH R, BHY 9Fp, T4 2
ToRFH FUEE HU TSR ape, s Boletal, ArE A X (free body diagram)ell 7|Whalo] P A S
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E. =R} L —E—O
[Link 1] Z x T 21 Zmlamax 2 - (13)
YE,=—Np; +R), =0
XM, =My, =0

) YFE =R —R{; —Maapax =0
[Link 2] YF, =R},—R},=0 (14)
ZM% = —AB sin 9,R%, — AB cos 93 RY, + Ly SIN oMy Gy = 0

YF = Ri3 — RY3 — Riz — M3amax =0
[Link 3] YF, =—Ry;+Ry; —Rj; =0 s
YMz = —CDsin@3R}; — CDcos3R,, — BCsin(@; + a)RY; + BCcos(p; + a)Ry, (15)
C

—lc ez sin(Bs + @3)M3Ayay = 0

] YF = R3, — R5y — MyQpax = 0
[Link 4] $F =Ry, —R3, =0 (16)

ZM% = DEsin@,R%, — DEcos@,RY, + lp ¢4 SIN 0, MyQpay = 0

F, mg P
YE=Ris+ o — = Gnax—5 =0
[Link 5] 2.2 2 a7
YF, =R)s —Nos =0

ZMz/E = Mys =0
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o|wl link 29} link 4= WA FENYS o] &t oh5 &
1
locz =5AB (18)
l —1DE (19)
D,C4_§
F,=0¢%1 45T DIMol 7}l A& 7FEE(ape) ol 98 Ha 13 B2 59 HFo] 8y e 43S
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cDh
P|- - (sin @5 + tang, cos (p3)]

. ms COS @3
— D —
Amax [C {sm Q3 (m4 + > ) + > tan @, (m, + ms)} 20)
m cos +a
+ BC {sin(<p3 +a) (m2 + 71) + ((’+)tan @, (my + my) + e 3sin(6; + (p3)m3}]
=0
CD , .
Amax i] B -5 (sin @5 + tang, cos @3)
- . m cos
P lkg CcD {sm @3 ( + 75) + ('03 tan ¢, (m, + ms)} Q1)
+BC {sin(<p3 +a) (mz ) COS(% + a) tan @, (m; + my) + l¢ o3 sin(f; + <p3)m3}
2 AFol A A DTMS o= 9] 2o o] WMol tigt #hes AA s
9 hEe vigew mm g AN Aot g B,
fmax _ ) 42446871 [i] (22)
P ’ kg

wela] ApFo Al HAEHE a7t BAE A9 T SR A BEZE Y9AE §A5H7] Y &5 P
o] Wele 53 2o

p>_tma g 23

= 042446871 ] 23)

QA FY BHNN A WE S

ok 22 ~ 44G FEOFE HIEo] gomg (49 H o
4 %—@%o}ﬁﬁ}.lﬁaﬂr %

gest 2.

Table 2 Parameter values for DTM linkage

Length of link Center of mass Angle between links Mass of link
;= 1 _ @, = 98.28106° m, = 5.428g
D = 26 mm Acz = 7 AB = 6mm 05 = 0.40032° m, = 2.719g
- lces = 13.466 mm @, = 0.47311° m; = 7.676g
BC = 18.439 mm '
- lDE - 11 a =12.52713° my = 5.212g
Dot = PE = AL MM 0, = 4.25421° ms = 19.193g
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Fig. 10 Static stress analysis of DTM (material: ABS)
| £ =02 SH(MPa) | & :
Fig. 11 Static stress analysis of DTM (material: aluminium 6061-T6)
P > 101.6547486 [N] (24)
o) B3l mETel 912 P} 1016547N olelW BAH A AFOoR AT YA H@AT)S
PEREDEES NER
3 A A Y A g A uion 6% sl YA e daa
3D ZAHABS Fehay 2al) AAES A AR Aol B g Jnow 44 $9 2 o
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Fig. 13 Newly designed power window system (left: inner side of the vehicle; right: outer side of the vehicle)
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Fig. 16 Manual operation of the power window (left) before; (right) after
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Az A FAFH Bl Tl whE, Al 71NF AEAE A~ F8d0] F7tE]
1 1 7|9k 715 gFAsH7] f18] PC 7]6ke] Ao AJ~HE
71ake] Aol A H A AAVE oy}l i PLC 7)uke] A AElo A Qakel b

EUHY 2 gAEAS S dolHE FH5te] EAske FEERE FEEH B4 AAE A4
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AT 35S AL 840 91831, open platform communica-
tion unified architecture(OPC-UA) 7]HFS HE SO =M Al 7|9 RUHE Y x4 A
IS PLC Aof7]ell A AAzto s v =E T o8 B3 &nE
Az #d wFHFA AA 79 dlely 3, Al 29 FE, Ao A #A-dE] gAEd sl
= AA Az A B Ad & s 7 Al 3
Abstract: As the complexity of manufacturing systems increases, Al-based autonomous systems are becoming
more important. However, conventional factory testbeds, built on PC-based control systems that support Al
functionalities, are not straightforward to integrate with real-world PLC-based control environments. In other
cases, PLC-based systems are primarily used to collect and analyze datasets in terms of offline Al training,
which limits real-time application of AI feedback. This study proposes an educational autonomous
manufacturing testbed that supports personalized production and enables real-time AI feedback to PLC
controllers via open platform communication unified architecture (OPC-UA) communication. It will provide an
integrated educational platform for students to experience sensor data acquisition, Al inference, and control
integration in real systems.
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Fig. 1 Exploded view of the produced pen by the developed testbed
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Table 1 Lists of manufacturing process stations in the developed educational testbed for autonomous manu-
facturing

Station no. Station name Description of actuator-based tasks

- Feeding a pallet

1 Common - Feeding a ‘body’ part

module supply | - Aligning the ‘body’ direction (top-bottom, left-right)
- Transferring to the next task via a conveyor

- Feeding and screwing ‘head’ part
- Re-aligning the ‘body’ direction (top-bottom)
- Feeding and assembling a ‘spring’ part

2 Pen assembly | _ Feeding and assembling a ‘ink’ part
- Feeding and assembling a ‘knock’ part
- Transferring to the next task via a conveyor
- Conducting vision inspection on a single side of the assembled pen via
Vision pneumatic actuators
3 inspection 1 | - Transfer the pallet according to inspection result via a conveyor and
(single-face) pneumatic actuators
- Transferring to the next task via a conveyor
- Conducting vision inspection on a multiple poses the assembled pen via
Vision a 6-axis robot arm
4 inspection 2 | - Transfer the pallet according to inspection result via a 6-axis robot arm
(multi-faces) | - Changing a end-gripper (tool) of the robot arm
- Transferring to the next task via a conveyor
- Packing in a box
Warehouse - Retrieving the pallet by a 6-axis robot arm

5 loadin - Stacking the product box by the 6-axis robot arm
& - Changing a end-gripper (tool) of the robot arm
- Transferring to the next task via a conveyor




Fig. 2 3D rendering (isometric view) of the constructed autonomous manufacturing educational testbed (each
number indicates the corresponding station number in Table 1)

(e) Front view of vision inspection 2 station (f) Front view of warehouse loading station

Fig. 3 Physical testbed for autonomous manufacturing education
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Aol 2A A FLg Ao dis] HHH

o
N
1o,
o
o
=2,

£

W75 o= e Al

s AAT &, HEEW=A Al 23} HEsto], WK ow oS aifdow AMEeH7] 8]
python ¢lo] 7]uke] 42 5% PLC9S] OPC-UA 7|NF dlol¥ w$& APIE Al&stixl it
OPC-UA’Z4] PLC #H] o]&, BlL o]5< &3l A PLC @<= <18l read bool, read _int 3<%} ™8
B A7HA EESte] PLCAAl AAIZFe 2 WE S W2l write_bool, write_int®Z A EH $H lo]lH g
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Table 2 Description of OPC-UA configuration with industrial PLCs for monitoring data and giving a

command
Station no. | OPC address OPC tag name Data type Access mode
1 D1120.0 Supply P Reset completed status Bit Read
1 D1120.0 Supply P Reset completed status Bit Read
1 D1120.1 Supply P_Auto mode_status Bit Read
1 D1120.2 Supply P System run_status Bit Read
1 DI1120.3 Supply P Semi auto status Bit Read
1 D1122 Supply P_Current supply quantity state Word Read
1 D1123 Supply P_Accumulated supply quantity state Word Read
1 D1540.0 Supply P Accumulated supply reset control Bit Readwrite
1 D1540.1 Supply P Select auto mode control Bit Readwrite
1 D1540.2 Supply P System run_control Bit Readwrite
1 D1540.3 Supply P System stop control Bit Readwrite
1 D1542 Supply P System target quantity control Word Readwrite

Vision_Inspectionl P_Visionl activated . .
3/4 D1561.1 - T - - Bit Readwrite
2disabled control

Vision Inspection]l P Vision2 activated ) .
3/4 D1561.2 - T~ - - Bit Readwrite
ldisabled control
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= Aiaer e 27 Sk flo] W s @ Fe= Awsns S9eh £e PLCIA TAE o
2 odlolE et HgEo AF FE HAAME fg v deoly %W FhdegE Sgk 3 oA dHolE YA
TCP/IP A& &3l Fx3tal At Holguo]~ 8l 24 ZErjo] A4 == Jefjoln] o] Al APIZ
Falo], W&o R AAE FH T, AA & WAE 7 I ATk
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52 AEAx AAEE 918 gA g3t Aol A Adu] e E g dloly 4 el disl sk
A HERE Sk dEA AFAG FERYH Hiled, g Edo] AnjoA dAsteE 1S A
st7] 93 oA9A A& =AE A EC] wigA "k o] HAFoA 5T WSE HEEWEA F
HeE 34 oln A2} python APIE &3+ 7|7] AA 7oo Ab&ste] AAZE Au|e 34 AAE A5
T Atk det AR A Aol TR FRE T4 olv|AE xSl T ou|AE dY jte=
stal, AAlY Avj(Es 34 AANEE A v 1FoE fguste Jod EES shEsoi(dA
TN E T2 537 217 W(recurrent neural network) 7|WHe] R ElS SHAEo] Ho] H83ta Qlr}). ¥
g olm A A JidE HAEWEC] 72 ofEFgAoldor AztE AZEOE FI d4A FUIE
ZEA AL ok A Ao AAZIe® AGET. o] & o]&ste] S HAAR Y A Z=E RY
gtk o & Eol, A% onAE B, dad Rl oY ftom Yo HYfps &% §, 9
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o] A MRS AASE A, Aies 7w aAEY 9 A 39 2 A ARE Fgelee AL
T 7bEslth dE B9, dAE vuy z2aRs B TR AakEo] XA oARE HAsE
Al 2E& F7F Jidetar Qlrk o= oo AlFe F4 HAALE Fd A AlE AFRE A AdA
olz}, B&Fo] uhgsk A9 ojds HEld AAdA|] I WS FrrHor @33t B g AEHE
of 7o) NS A, AR oAl Ak BES dEle FEHsF Hdefof st ey 2 AFE T
3 e HAEWES AMEE A9, AEAS Fdste Al RE dolH FAs @9sts APIE
T3l wFo] AT A9, Y =EES AL, olF AT AE Aiks AF AL WEo® APIE
Fal AEFoEM, AR T MYE Hasd AEAXENY WRE TFEE 5 Tk
o] olo= /AE APIE AHE3le] HAEWES FAS adyoz RUHYEY] Ysiae deoly A
£9 Hol7b % Flojth. AlAIE dlolE o 544, & F49 delyrt H7] fsiAe BET Aol
7F dAslop stk ey Al APIE E83 TS FAT A9, UEST A JdFgor i G
A FEo] vt JMEE Al EEd HIPHS F3 AE " (resampling), AlZF X9 71HE Al (time
window-based aggregation)®t > TFFE W T oW Zlo] 7PF aRARIAE FA ke AE FHE
9 7hsetth w3, AZE o] AA A B A A Al 29 AT 2 9FE v F Aol
AMEH o7k A Fe Azte] WEtE dlole o 98 4 flo] Al BHle] Aol FAHA JTFS
FAR, AEE dolrt Ao ¥ "ol o] WA AAd HEs F & oAtk ool i
HA ol MEF Aol7b dmijlAl 3= Af Y JA AFAGHES Vv R S F S Aol
o & £0°] Beak T2 Aol wWEW, ofd R A AT E o] gste <zl Al~Ee u AAE F
st d o Yol ~E MEY #o|Emyquist sampling rate)s A -831S W 45& st
AYEAEA I AT S B4 A, MEY Aot &S55 1 A ATl FoAE A
< FAEHJSHY, YolAAE HMEY HolERT ofF 10v] AL wE &R ojn 17 A 5ol
froju Al Solg s = AT thA] e, et Al BES Shgele wS g AdedA e
Al9] AeS To elae 52, MdE usg HAEWs: &4 &89 4§ dd

5.2 B

Az 27 §FAdH EiAdo]l Frhske AdSollA, Al 7I8F AEAx AJ~Re] T84S FolA AL
ATE Al 7]9be] 2HEAZ A 2~RlS OlFE PC 7|REe] A& FHE = v, 7| Ed F5E A "H
Edss @3 4sS wodjolsts EAldl wpel PLC 7o 2 FEE O], Al 716k A& A2 Al ~E
of i A¥E AFA R dAASkE Aol ofelzel Utk ool # A= AAY] Ax ER=] oF
Z A A g2aHA OPC-UA 7|¥Ho = PLC 7|¥he] A& A 2BHoA] &44 HolEE F1
S Qe AFARE % 158 HAEWEES Eelglth. 53], OPC-UA 7IRke] RUEHE 2 A
oE 93 T dAAE Al Bd e @o] ALEE = python S gholHBefE] FE|e] APIZ 7)'2slS]
ot o]E 3l Al 7INF EUHH I JAEAY AIE PLC Alof7]e] AAte 2 wgdd F e wSE
H2EWE2 FHHATH HFHoZ A4 dd wFgos Ala 7|9k dlolg] =3, Al &4 7]
o] oAlAA, At wE J=w Aol AE7tA e H = FZ(closed feedback-loop) HEf S A%
Al=go 2 HAEWETE 985 3 4= Qlgol wet st 5] /MEs Al 2o A5 3 A34E A4
A z"loA] A3 D AETE 5 Qe 76ke] H Ao

AA7HA] AT s Al B F5o] 7hse e £33 FEo] Az A|AHE PLC 7|V Abs
st FAolA sk Zo 2HS A7 FHE e 98-S WE 7 de UAE dEE A5l o
sk BlT1o] FRIE vl thgskA s @k o ® yolria s BE AlA 9L Aoy WHES o= A
3l 2F O S A5o] 7R E AP oot FriHoer Axng fusta HH3E S
A AEARS 7eS & HEEH =N gdstA AEstaxt stk ol & 5o, o= gl ojH 2
ds Arem wATRAE AAsteE AY T L A AEFS Al FdE AxH, w9 2HS
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ArL dHE 4D = floh ol & fste] dFeloly W uFd Fus 2y, oF REE @
AHez F7pe ol dis] argstool dnh. 3 JiddE HAEHZ oA AiEE 2HES S
A Fl =AY & dvd AEY A e 2AEY, AY 279 "2 AAS AA Ao Hlalel A
Al Aol 2 5 s Aoy

(References)

(1) Choi, S, Woo, J., Song, I., Hiep, H. M., Tam, L. M. and Quyen, V. T., 2023, “Layout-based Smart
Manufacturing Assessment Method and System,” Trams. Korean Soc. Mech. Eng. A, Vol. 47, No. 2, pp.
163~172.

(2) Wu, K., Xu, J. and Zheng, M., 2024, “Industry 4.0: Review and Proposal for Implementing a Smart
Factory,” The International Journal of Advanced Manufacturing Technology, Vol. 133, No. 3, pp. 1331~1347.

(3) Wang, H.,, Wang, C., Liu, Q., Zhang, X., Liu, M., Ma, Y., Yan, F. and Shen, W., 2024, “A Data and
Knowledge Driven Autonomous Intelligent Manufacturing System for Intelligent Factories,” Journal of
Manufacturing Systems, Vol. 74, pp. 512~526.

(4) Leng, J., Zhong, Y., Lin, Z., Xu, K., Mourtzis, D., Zhou, X., Zheng, P., Liu, Q., Zhao, J. L. and Shen,
W., 2023, “Towards Resilience in Industry 5.0: A Decentralized Autonomous Manufacturing Paradigm,”
Journal of Manufacturing Systems, Vol. 71, pp. 95~114.

(5 Kang, Y. S., Jang, W. K., Lee, S. W., Choi, I. H, Seo, Y. H. and Kim, B. H., 2020, “Development of
PC-Based CNC Test-Bed with LinuxCNC,” Proceeding of KSMTE 2020 Annual Autumn Conference, Daejeon,
Republic of Korea, p. 46.

(6) Yu, W. P. and Lee, Y. C., 2021, “A Multi-Robot Task Scheduling Simulation Testbed for Logistics and
Manufacturing Automation,” Proceedings of ICROS 2021, Yeosu, Republic of Korea, pp. 91~92.

(7) Kim, D. Y., Park, J. W., Baek, S., Park, K. B., Kim, H. R., Park, J. I., Kim, H. S.,; Kim, B. B., Oh, H.
Y., Namgung, K. and Baek, W., 2020, “A Modular Factory Testbed for the Rapid Reconfiguration of
Manufacturing Systems,” Journal of Intelligent Manufacturing, Vol. 31, pp. 661~680.

(8) Malburg, L., Seiger, R., Bergmann, R. and Weber, B., 2020, “Using Physical Factory Simulation Models
for Business Process Management Research,” Proceeding of BPM 2020 International Workshops, Vol. 397,
pp. 95~107.

(9) Choi, S., Lee, J., Kwon, M. and Kim, Y., 2022, “Test-bed Implementation for AloT Smart Factory
System Research,” Proceedings of KIIT 2022 Fall Conference, Jeju, Republic of Korea, pp. 879~882.

(10) Song, Y. H., Cho, C. N., Lee, C. H., Kang, M. J., Park, Y. S. and Lee, H. J., 2019, “Designing
Test-bed for Fault Diagnosis and Failure Prognostics of Cooperative Robot,” Proceeding of KSMTE Annual
Autumn Conference 2019, Pyeongchang, Republic of Korea, p. 159.

(11) Park, C., Park, S. H. and Kim, S. B., 2019 “Structured Regularization Modeling for Virtual Metrology in
Semiconductor Manufacturing Processes,” International Journal of Industrial Orienteering: Theory, Applications



CREE AE A ALV OB, ead, sme delt ks d AgAZ wSE BlaENs 75 25

and Practices, Vol. 26, No. 6, pp. 835~849.

(12) Lee, K., Park, S., Sung, S. H. and Park, D., 2019, “A Study on the Prediction of CNC Tool Wear
Using Machine Learning Technique,” Journal of the Korea Convergence Society, Vol. 10, No. 11, pp. 15~21.
(13) Kim, A. R, Kim, H. S. and Kim, S. Y., 2024, “Artificial Intelligence-Based Fault Detection of
Hydraulic Pump According to Missing Value Handling,” Trans. Korean Soc. Mech. Eng. A, Vol. 48, No. 7,

pp. 445~454.

(14) Yu, N. H., Lee, Y. B. and Baek, S., 2023, “Development of Product Picking-Quality Inspection System
through Convolution Filter and Ensemble-based Deep Learning Analysis for Distance Deviation Measurement
and 2D Image,” Trans. Korean Soc. Mech. Eng. A, Vol. 47, No. 3, pp. 283~293.

(15) Jeon, S. H. and Song, E. C., 2019, “Implementation of Real-time Quality Inspection Automation Process
Based on Machine Leaming,” Proceedings of KIIE 2019 Fall Conference, Seoul, Republic of Korea, pp. 3720~3734.

(16) Kim, B. S., Song, G. M., Lee M. J. and Back, S., 2024, “Real-Time Fault Detection System of a
Pneumatic Cylinder Via Deep-leaming Model Considering Time-Variant Characteristic of Sensor Data,”
Journal of Korean Society of Industrial and Systems Engineering, Vol. 47, No. 2, pp. 10~20.

(17) Kim, M. and Shin, M., “Agent-based Dispatching System for a Multi-area Manufacturing System,”
Journal of Korean Society of Industrial and Systems Engineering, Vol. 47, No. 4, pp. 12~21.

(18) Kim, N. J. and Wang, J. N., 2017, “CPS-Integrated Architecture for Smart Factory,” Proceeding of KIEE
2017 Spring Conference, Pyeongchang, Republic of Korea, pp. 5326~5337.

(19) Lee, W., 2024, “A Research on OPC UA PubSub Model for Manufacturing Environment Monitoring,”
Proceedings of KIIT 2024 Conference, Jeju, Republic of Korea, pp. 274~277.

(20) Marins, A., Lucas, J., Costelha, H. and Neves, C., “CNC Machines Integration in Smart Factories Using
OPC UA,” Journal of Industiral Information Integration, Vol. 34, Article 100482.

(21) Groover, M. P., 1980, Automation, Production Systems and Computer-Aided Manufacturing, Prentice Hall,
Hoboken, USA, pp. 1~592.

(22) Kim, J., Jeong, S. C., Seo, D. and Kim, D., 2022, “Development of OPC UA based Smart Factory
Digital Twin Testbed System,” Journal of Korea Multimedia Society, Vol. 25, No. 8, pp. 1085~1096.

(23) Baek, S. and Kim. D. Y., 2015, “Effects of Sampling Rate on the Performance of Multidimensional
Discretization-based Fault Detection,” Proceedings of KIIE 2015 Spring Conference, Jeju, Republic of Korea,
pp. 1905~1910.






Trans. Korean Soc. Mech. Eng. C, Vol. 14, No. 1, pp. 27~35, 2026 27

<887 e=E> DOI http://dx.doi.org/10.3795/KSME-C.2026.14.1.027 ISSN 2288-3991(Online)

FEAFUS T ot AT, o FEAFN SR A5 AT o)

-

Vehicle Driving Performance Analysis Using Smart Phone App

Jeong-Sik Eom™ and Bok-Lok Choi '

* @Graduate School of Mechanical & Automotive Engineering, Gangneung-Wonju Nat’l University,
** Dept. of Mechanical & Automotive Engineering, Gangneung-Wonju Nat’l University

(Received May 6, 2025 ; Revised August 30, 2025 ; Accepted September 1, 2025)

Key Words: Data Acquisition System(DAS, Hl°]¥ 4% “&X]), Data Analysis(d]©]E] +4), Driving Line(5
)74 &), Data Logger(dl°]E] Z7), Slalom(£2}%), Smart Phone(Z2V}E ¥)

Z8: AS5H dolHE vt o2 A VY A% T AeS A gotetal EAHE i
St AL Asak Ay REAEZ=OA g S35kt o] = 9]8] data acquisition system(DAS)ﬁ g
a7l ==t DAS®| 7FAo] wjg- o} olE ThE ¢ U AdAYo] ws ZTRIWS st AR o
g ol "elAy 7hed Aot oy A5 % 45 & 5 Ae AdAY o g 8= TRt
AWk gigto A= Al2E 5 H&o] Frhate] wgo] oy AAo|th oo H AFE AnEE app
< o]&3te] DASE A HIsta, AFE we ARE dS F deE WHEE AAStaR; g ol
Fal ditell A = v]& ik glo] dlolE A AUl g o] FhsstA | Aot

Abstract: In automotive company and motorsports, the data acquisition system (DAS) is used to assess the
driver's skill and vehicle driving performance. So DAS plays an important role. But due to the high expenses
of DAS, training systems for engineers to handle them in university has been very limited. This study aims
to propose a method to easily access DAS using a mobile phone app and obtain reliable results in school. It
emphasizes that this approach can expand engineering training with almost at no costs.

LM B
FAA A Ao FU A AR Heshs A AFA AL BEAEE Lok
W Fastth 53 REszxdAE ASE dolHE Biel BANS BAs%m ARAL 4§l
Fo ARE Pol ASF el BEHolL oled AS AxHE dolE F#F FH(DAS: da

£ data logger(H©]H iﬂ)a}ﬂ 3=t DASS] 7}4 o]
$ Eo}l o] AHHoE 43V H A= =dH go .

o] B 59 % B4 AAgelst Aash 4%
A S el GelAe] FaBw ohle AEA g ¥E YADAE Ao AF R BAE @
F ool A Uolol Mg et RS FgolAw Syl dstlAt Axw $E vgol U o} @
o] el Agolth. TR B ATNAE WEe EAZ Hitol olel¢ DASE °l8% Hele /)
S 9 B4 ROk AvHEE appd ol§3te] g golsbl ek WHE ANSuA B oF B
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A= -

3 st dlolE BA elx U] 4 mgo] A5ES AAste] istelAe] da 7lsAe Sy
2} gk

=
=

2. AppZt DASS| H|1!

Table 19 R.<Q1 uje} o] appd} DASS 4 7bs &S vustd, DASE F7F AAE &3 o &
< Hel"HE %Zéa T YA =& AN A 7)Ee] dolkRE &gl oyt AAl Holy 40
a3 £%, /&R F8 A2, AR 5 applEE A Bl ow T 75T 5 vk DAS
= Race Technology DLI(I)OE Fig. 1(@)9} Zo] AU #HEs XA RE g 52 AU viehe] 14
3}il, appe VTA Program®S AM&-3}e] Fig. 1(b)e} o] gttt ~ntEE U JAE o] &3l ztge]
£, 7ML, AR HoHE A5k, AFE dHelHe vdd o RE PCy A AR ovd F
AT App USIM 3 §lo] HA F ARgo] 7padfrt

Table 1 Comparison of app and DAS configuration

Category App DAS
GPS o O
Acceleration (0] O
Velocity 0] (0]
Time O o
Option port X (0]
CAN signal X (0]
Dashboard X (0)

O.00

(a) First standby screen (b) Configuration screen

Fig. 2 VTA first standby and configuration
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(a) Logging start screen (b) Logging closed screen

Fig. 3 VTA data logging screen

@ GPS Data — [m] P24
Index Time | X | Y I Z (Al [ Latitude | Longitude | velocty | Bearing | MNumsat | Entity -
1 00160703 405713.0 4128892.6 236 37.301881 127.936106 0.0 245 23 77937952
2 00160704 405713.0 4128892.6 236 37.301881 127.936106 0.0 249 23 77940256
3 00160705 405713.0 4128892.6 236 37.301881 127.936106 0.0 249 23 77940976
B 00160706 405722.1 4128894.7 236 37.301900 127.936208 0.0 24 23 77938360
s 00160707 405722.1 4128894.7 238 37.301900 127.936208 0.0 249 23 77939968
5 00160708 405722.1 4128894.7 238 37.301900 127.936208 0.0 299 22 77938816
7 00160703 405722.1 4128894.7 236 37.301900 127.936208 0.0 249 25 77940112
8 00160710 405722.1 4128894.7 236 37.301500 127.936208 0.0 249 22 77990400
S 00160711 405721.5 4128894.9 238 37.301501 127.936202 10.0 238 22 77939824
10 00160712 405717.4 4128893.3 236 37.301887 127.936156 14.0 249 23 77933536
11 00160713 405710.3 4128890.9 237 37.301864 127.936076 22.0 250 20 77941120
12 00160714 s05698.4 4128836.3 238 37.301826 127.935943 39.0 243 20 77939248
13 00160715 405887.9 4128881.7 233 37.301779 127.935825 24.0 247 21 77940832
14 00160716 405675.7 4128876.7 238 37.301733 127.935687 48.0 250 22 77938384
15 ONIENTI1T ANSER1 T 4128871 9 38 37 3N1688 127 Q35530 sS40 247 23 4 =
Velocity

Minimum 100 kmh Average 743 kmh Save to Excel
Maxirmurm kmh Count
136.0 247 Save to PDF | Close

Fig. 4 Driving data output from app

3. APP Al HHH

AppZ AW 3 S Fig 2@t ATk GPS ALk app s T AH o= A= ojof F3
O|lHE 7|32 AntEES AEFo| A XS & GPS calibration #H4S A X ofgtt). Fig. 2(a)] config
UﬂﬂTQ]' Fig. 2(b)2] calib ™7 & A}83}] GPS calibrationS st} o] HAgoz AufEE Ugd 7}

297

SAMU)S] Z7EkS AAste] stEre] Fukekyl 3ubekS A o)
Flg. 2(a)2] Z7]°l calibration 2t4S 3HA| ol F4L 7hssty X247 AeS A& e e
7} ol AmlEEo] EEPA ¢LEE 114 F calibrations T s oF s Aol R EW Fig. 2(b)}

2ol Adeke] a7F AR F45 AlFE 5 e ulr] dErE "o

A4S AASHY Fig. 3()9 22 oz WAHETE GPS 7| F0] AlFET s gk
7F ZA3tE o ol Fol|l “Opened’ts 7-7F WERATE 71E5S mix F STOP WES AH3SIH Fig.
3b)= e App 54 Foll= Fig. 3(@)W FAIEHT, HolEl & 45t ™ PCol AX¥ VIA Z&E71
HE dasof gt

Fig. 4= PCOlA &3 VIA 7FEEgtolal, AntEFE 7|25 HolHE 4o 83t} 7MEes
X, Y, Z3%& 5431, S5 At wE dolHE a2 FEsi, GPSS s Mo b

4. = Holy &of Hlw =4

-

4z

mlo F

A
ax

o,

§ =t} Case 194 Fig. 59
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Table 2 Slalom course specification

Distance between start line and A 20 m
Distance between A and B 20 m
Obstacle diameter 0.4 m
Minimum tuming radius I m

wv
= .
% @
= < > 4
Fig. 5 General shape of a slalom course
e - e e
aeme— L J
,,,,,, . .
e e e °
/ -
7 Py L3
—
P L
(a) DAS (b) App
Fig. 6 Slalom GPS route data
SUAPPS APPS
====DAS APPS 40 =T 7 7 DAS
c] 06 FENT s F, — 06 TTTTbas P
E 0.3 _,-'W ‘-“\‘ R g o },-” e.,.\.,‘,;\__»__% . i/_‘;--.'\-.,-'\_\\j - ;.:30 :‘},,,--‘/ n'\:'\. ;."":'::'
£ . DN W f E o i 3 ey e
3 03 Y "-‘\»f. é o P 219 ,
£ 06 < 06 0 b=
0 5 10 15 o 5 10 15 ) 5 10 15
Time(sec) Time(sec) Time(sec)
(a) Lateral acceleration (b) Longitudinal acceleration (c) Vehicle speed

Fig. 7 Comparison of slalom driving data recorded by DAS and app

& AZ, B4, maste] case 19 2& hAE Feje] Lok wako] o)
N FHAE I3t} Case 32 U=

sety aE AEE o

O =

-
rr
&l
rlo
o
i
2
>

tget F3 540 vEhue e mE 7SR skt
7] w o]t} Y A FA L Table 29F Zom, H|AE X3 Ao DASS appS X AR X 1435}
3 GPS A& AZstal BASH= calibrations A 3T

Fig. 691 GPS Z & dolEHE e Fig. 6(a)2] DASE HI°|EHE 100 Hz2 ASste] A3t A A
o] F¥Ao] Fol dte] Mo r Hol=d Fig. 6(b)2] app> HICIEE 1 HzZ AlS3ste] A3k A Abe] b
Aol WA ‘ARG FEg Fo AFHI EFH] A 7F Zolk GPS 2k, A7V Ak Sl 9 El
AA AFFol A &L AS7F s 4 ok

7FEE HolHE XYW Fig. 7(ax ¥ 74X (lateral acceleration), Fig. 7(b)x & 7+ X (longitudinal



31

(a) DAS (b) App
Fig. 8 Circuit GPS route data by (a) DAS; (b) app
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Fig. 9 Comparison of circuit driving data recorded by DAS and app

acceleration) a2 YERTE 3 7}&% Z1g oA DASS} app Hlo|E = AvfEES] uA A9 HAA
ol @27 A s oW DASTE A EE Aeto] LA E I, app WAEE Fhe] 114
of A wo] Aol FH Aol Ao|7} AT 4 Q. old A5V 54 AAE st SHT
Ay} o] oo whgl AA AlFzko]l debd G ASS GRIEHAT) oo o] AolE Hulgh FAl st

o 10 em oll2 sglom oo] mE FEe aX e Ao wHIAL F AEE Tz AE A

AN
=€ dolgel 2 AolE molx] geth oA T bk A el we o] 3§ VMEE no
e Ao F5% 4 vk TN appt DASS] HOJHE Hlast T JhEEE £ 0.06 g oISt
Fol Apol& v Fmetgleh. ol e g VMEEE F kSRR ASE gho] Aot 25 o 2
S El=dl 1 ARle R A5 Al 2rtEEe]l AAT Al s DASEY W vt dFe W
k& Aom doEnh Iy £ 008 g FEORE B FEE AHEENS FFoE wdH it Fig
N H%5 WERATh 22 Apol7h mejAwt Al A ¢l adx FAe vl fAkskeh

4.2 Case 2 - 2ol M3

Fig. 8¢ QIAl 2=9tl5 MR ASE 4SS etk Azle] gAke] w9 fAkgk AL & 5 <l
th AZleA = dAHom o e ASsioernz oz 17l § dHolHE #4383tk Fig. 9a)+
3 /M4 YR case 13 TFEA DASS}F appe] A7) vl FAFSHS
gt o] A77F gt x4 7SR ko] A77F g2 Hed S A
Aol Wol A HE A|~®le]l SE5o] A7) Ae-Ht; v AA ex7F Jvkar FHEETE Fig. 9(b)©
T 7t e Y EE dloly o] Aozt A gl

M7 Fol = Fig. 9(0)d &% L ZolMA F4% 53 45 wsy
ol Wsl: A yelvrEz 8 doly BAS 7P wo] &&3hoh

2 BAsE A9 s =51 9 B2 dolErE et %7

_O__ E—g—
E 71RHL BAo] ASHEE ap W HEF F Uk



32 d 4 4.4 % =

(a) DAS (b) App
Fig. 10 Road GPS route data by (a) DAS; (b) app

Fig. 11 Segments with disrupted GPS signal marked on app driving route
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Abstract: This paper presents field observations and mechanical engineering analysis of failure phenomena in streetlights
located in coastal areas. Based on long-term observations conducted over four years from 2020 to 2024, luminaires of
streetlights installed in coastal areas showed significantly higher failure rates compared to those in inland regions. The
main causes of this phenomenon are determined to be a combination of airborne salt in sea winds weakening the strength
of welded joints and excessive bending stress applied to the connection points between the luminaire and the light pole.
Therefore, to improve the safety of coastal streetlights, it is urgent to establish salt-resistant designs, welding quality control,
and maintenance systems.
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£8: Alo7] WAL Aol wge] WY FAl F shbolth, DAY FoAFeHPE 1A Al
A AW FANE Fad 9ANE AARAT, FHHoR Bgsta AZA olsi7t ofeld sl o
Bgo] EAUY B ERAE 2AH @ FResd AAMY A oldE 7 A% e 2
Eqo s, ol Fal Alojr] M7 m&e] EAYES PPAIAA Bob. AR mTEG o]
A7 el AAZE SIEW )53 AR ARA 24 BHL AT, AA A Fa LxE

dole] w3hE Haskginh

Abstract: Controller design is a core topic in control engineering education. Root locus and frequency response methods
hold significant positions among classical design techniques, but their mathematical complexity and the need for visual
understanding often make them difficult to learn. This study presents the development of an educational software tool
aimed at facilitating intuitive understanding of root locus and frequency response-based controller design. The proposed
software offers real-time visual feedback and a user-friendly interface, helping learners grasp key concepts through direct
interaction. The effectiveness of the tool was demonstrated through example applications and user evaluation.
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Table 1 Performance indices of the uncompensated system

Peak time (s) Rise time (s) Overshoot (%) Settling time (s) Steady-state error
2.46 0.81 0 1.41 0.96
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Fig. 4 Block diagram of the feedback control systems Fig. 5 Step response of the uncompensated system
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Table 2 Design specifications

Settling time (s) Overshoot (%) Steady-state error
<0.5 <10 <0.01
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Fig. 6 Root locus of the uncompensated system Fig. 7 Pole zero map with undetermined additional zero
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Peak time (s) Rise time (s) Overshoot (%) Settling time (s) Steady-state error
Uncompensated 2.46 0.81 0 1.41 0.96
Compensated 0.076 0.034 10.45 0.30 0
25+ 1.2-
2[:._
" 5_ N
) X
o 0 0.8-
T P Mo = 0.6-
g £
2 54 E
E 0.4-
-10
) X
<15 02-
20—
-25-5 T T T T T T | 0= T T T T T T T T T
140 120 -100 80 60 40 20 0 0 01 02 03 04 05 06 07 038 039
Real - axis Time (s)

Fig. 8 Root locus of the PD-compensated system passing
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Fig. 9 Step response of the feedback system with PD
controller
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Table 4 Time response parameter data of the control systems

Peak time (s) Rise time (s) Overshoot (%) Settling time (s) Steady-state error
Constant gain 0.38 0.17 13.87 0.58 0.21
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Table 5 Time response parameter data of the control systems

Peak time (s) Rise time (s) Overshoot (%) Settling time (s) Steady-state error
Constant gain 0.38 0.17 13.87 0.58 0.21
Lead 0.27 0.33 2.68 0.33 0.22
Lead-lag 0.31 0.15 5.26 0.49 0.006
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Roll-to-Roll Unmanned Pest Monitoring Trap
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Abstract: The importance of pest monitoring in agriculture has increased, leading to active research on
unmanned traps. Conventional systems require regular on-site adhesive plate replacement, causing labor and
time inefficiency. We developed a cartridge-type unmanned pest trap with an automatic roll-to-roll plate
replacement mechanism. At preset intervals, the roll rotates to replace plates, and captured pests are
photographed and stored. Images are processed using an OpenCV-based algorithm to adjust brightness and
saturation, improving pest analysis accuracy. The system showed superior maintenance efficiency, detection
precision, and automated data management, indicating strong potential for practical use in smart farming.
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Table 1 High-resolution camera specifications for automatic cartridge-type roll-to-roll unmanned pest monitoring trap

Sensor model IMX 586 Active pixel array 8,000 * 6,000
EFL 4.77 mm F/no 1.75

Field angle D: 79°, H: 66°, V: 52° Lens formatsize 1/2 inch

Distortion < 1.5% Package PLCC

Fig. 3 (Left) An image of each image by taken diving an adhesive plate into four sections; (right) an merged
images of the four sections
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- H

=5 2 A5%= 7174 &<5 7|9k piecewise integrated composite(PIC) 7% A A9 e FFS 918 HH
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Abstract: This study proposes an optimized training data assignment method to enhance the performance of machine
learning-based piecewise integrated composite (PIC) structural design. In previous studies, training data were arranged
by regularly distance, which led to limitations in prediction accuracy especially for shear loading type. To overcome this
issue, a new algorithm was developed that irregularly assigns training data using dimensionality reduction and clustering
techniques. High-dimensional data were first reduced using a dimensionality reduction technique, followed by clustering
to extract representative training samples. A machine learning model was then trained using randomly selected samples
from each cluster to predict stress values and load types across the entire structure. As a result, prediction accuracy
improved across all load types, and the ITHS bumper beam analysis demonstrated enhanced load-bearing capacity and
energy absorption performance.
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Table 1 Mechanical properties of Aluminium alloy 70213

Mechanical properties Value
Density p 2,700 kg/m3
Young’s modulus E 70 GPa
Poisson’s ratio v 0.3
Yield stress Y 360 MPa

Effective plastic strain
0 0.007  0.029 0.041 0.057 0.068 0.085 0.192
Effective plastic stress [MPa]
385 396 411 419 428 435 443 491

z

A Rigid wall ——
X y

Bumper beam
Crash box

A(m/h

p_— v IIHS deformable barrier
Rigid connection

Rigid connection \ Crash box

C.O.G of a vehicle
(mass =2200kg)

Fig. 1 The bumper beam model and the deformable barrier for ITHS bumper crash analysis
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Table 2 Boundary conditions and vehicle mass in the IIHS crash analysis

Boundary condition Mass

Bumper beam
Crash box 10 km/h 2,200 kg on C.O.G.
Vehicle

IIHS deformable barrier De'formable (front) -
Stationary (rear wall)

Dimensionality
Reduction

N|
¥

Clustering

i

Machine Learning

]

Prediction using Trained
Machine Learning Model

Accuracy
> 95%

End

Fig. 2 Flow chart for irregular assignment of reference elements
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Fig. 3 Difference of von Mises stress by location and  Fig. 4 Time history of von Mises stress by section on bumper
time beam crash analysis
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Table 3 Architecture variations for structural adequacy evaluation

Case Hidden layer Nodes
1 2 [64,32]
2 6 [64, 128, 128, 64, 32]
3 4 [64, 128, 64, 32]
4 4 [128, 256, 128, 64]
5 4 [32, 64, 32, 16]

Table 4 Quantitative evaluation of UMAP embedding quality according to hyperparameter settings

No. | N_neighbors | Min_dist KNN preservation Trustworthiness
1 5 0.54 0.92
2 50 0.70 0.96
3 500 0.1 0.72 0.98
4 800 0.74 0.99
5 1,000 0.73 0.98
6 5 0.58 0.92
7 50 0.72 0.97
8 500 0.5 0.73 0.98
9 800 0.76 0.99
10 1,000 0.76 0.98

10

10 5 0 10 15 20

5
UMAP _1

Fig. 5 Clustering result through OPTICS after dimensionality reduction

£ Table 30l Yebd A3t o] 57hx] gl A WA s WA Zh2be] DNN 2E 850l X8 At

5.1 Reference element =&/ & = A1}

51.1 Ab@ 54 2

2 F4 29 UMAPY slo]#utg}v]E]= Table 40 e A} o] AHHFH HUE F3)
n_neighbors = 800, min_dist=0.52 FHA3}l¥ o] 2 F4A7F Ao, 1 A= Fig 59 UEL At
KNN HEE(KNN preservation) ¥} trustworthiness B 71= 2 F4 W dlo]E 7 Y& dlolgHe +x&5 4
A3 HES A=A AT ¢8] FAFAJTE KNN HEES QH glojgoA d-gdd dlolg 9l



70 A = om.oA A A

i

AR dHoly ERJEZE 2 4 5 vALA

olge] s B Ae e § e Y F4 AYZ FEn 2 AFdA Fgd AR B

A, KNN BEE2 oF 76%, A2 %= 09982 Uehd A4 F4 A7t A ¢ e A= g9y

ATt olE T3] Aol W von Mises stress #49] BIStE @A oz FAT 4 9de 7% dolgrt &

BEon, o] 3} 7|HE &8st [FAFSE Aol A A4S von Mises stress #ks 7HAl= 84 F
5 SOl Al reference element’} A A &= A o] Y5 Slc}.

=]

A F4H AA 949 FFE Z von Mises stress at HIo|HE 3 E7F317] 98] OPTICS w3 &
9s Hgatglon, 1 A= Fig 591 AAHol dvk OPTICS w3 7ol sho]w sebr]E <l
min_samples®} H| A4 Hof sh5 dHoly & W3 W AA 849 15% olstzE 74 35H7] 9130
Al Z}ZF 15 samples, o] AgHbd 1002 AAE o] s/ AgEAnt 7S 29 F 118709 o+ F
o] AHYom, ol £33 24 FE F 28972 HAA 249 o 15%°|th 2 o R &F

of ¥ I wEEE HULs7] 93 silhouette scores AlLFeE A 072 YERY, o] ey ow

5] o

=

FAe 23

] Eelxit}. olE F& 74 99X 9 von Mises stress 7k A 84 Eo
wREReH, o]E 7[Wro R sk HlolH 7l A EHIATE o] AdE G dHolHE &-83te] DNN
]

SeElen, ol wEoR dA oM sk ste FEE d5ohs Aol FHE A

)
o
=

513 © 3d 2 st 21

TR 3t HolEollA F2E ShE tlolH 7 AAH o] ShFo] A oH, ol Y|wrow A T
Zo)419] von Mises stressE o Sak3itt olul, shs5 dlo]lE o] 9 HolEH 2% x,y, z FREaS AHES)
Rom, E9 HolE2E von Mises stress #ko] ARG E AT ehdelA Awe 23 Zo] s 3l A
YUEFLFE von Mises stress 95 A7t 95% 5 293+ &8 A9, g5 dolH AAA, Hded 2L
T W B o Stolu et 2SS EHS vA AT § oSS RRAH R FEr F
FTH O 2 epochi= 500, batch sizei= 64, learning rate=> 0.005= 3&}o]H 3} ] 7} A A 5] ¢t} Fig. 62 H&9d
e Fx 23] W2 H JZEo|th Case 1> 5 o]y ol Hl3)] @t 722 FAdE] STt
A YER AL case 28] - HAgtom QlE] oS AP wTt dfetd Ao® AbRHT Case 39 4% Al

d =2 ALVl =F5E A case 37 hidden layer 7= ATt node?] 7} TR case 4, 591 A1 node
7} @& case4 case37} ARG A#7F UEFSEIL node 7F A2 case ST S oS AT e
d& AYwrt 7Hg =4 YEiy =9 57 HE case 3°] HHWd EE 22 AAEUAGY. GA A
Qrel WHEZQl Sk dlolE] M darE]lFS Fdl Fig. 79 2ol 5 dolH 7t dREglen, s Hol
HE 7|Hto g 8k5%E DNN 2de dA 2o A2 von Mises stress #k= 97.2%9] & ALz o=

0.95

Average of Accuracy
bt

S w 9

oo o =]

(=1 (=1
o S
g G

o
(=)}

0 1 2 3 4 5 6
Case number

Fig. 6 Comparison of prediction accuracy according to model architecture configurations
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Table 5 Comparison of reference element assignment results (bumper beam total element quantity: 18,907)

Irregularly Previous
assigned Ratio reference element Ratio Difference
reference element (%) from Ham et al (%)
(ea) (ea)

Tensile 683 35.5 1,003 41.9 -6.4%
Compression 1,018 52.9 1,150 48.1 +4.8%
Shear 222 11.5 239 10.0 +1.5%

Total 1,923 - 2,392 - -

Irregularly assigned reference element

Fig. 7 Irregularly assigned reference element result
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Table 6 Robust stacking sequences against each loading type

Dominant loading

Stacking sequence

Tension
Compression
Shear

[90/0/ 0],
[+£5/+45/90],
[0/90],

Table 7 Comparison of prediction accuracy by each load type

Prediction accuracy
Tensile Compression Shear Total
Regular reference 88.9% 88.4% 55.6% 86.3%
I;Zi‘;rt rff)freggij 93% 91% 59.1% 88%
IZ;:lgI]lLllz:: - erf‘g;‘;se 94.2% 96.7% 95.2% 95.1%

Top

Front

B 90/ 0/ 0] (Tension)

. [+5/+45/90 ]35 (Compression)

Bottom
[ 0/90];5 (Shear)

Back

Rib

Fig. 8 Mapping results from DNN model learned by irregularly assigned reference element
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4= T700/251001™, FAF /442 Ham 2| =23 &Leth Fig. 9= IHS 3 ¥ &4 2345 ve
W force-displacement A =2, o] Ham 59 AFoA] k-NN HA#HY 2SS AL&sle] o=d ZAAr}
g€ Wy R}y vt 7Ura AAEFIL QlTh. Table 8 IHS W¥ W 314 ZA¥E A W&oz,

Hd stzol A5 2 AT AkE S5 dleoly WA g2lo] A 8% redesigned PIC W ¥ W& of
212.0kN9] 35S A A3 ¥H Ham 59 ATolA] AetE #2lo] A8% PIC Hy HE 206.5kNOE
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Table 8 Comperison strength and energy absortion performance

Model Maximum load ulflltlielrlib;:ilr)rsl?ll;gtli::d
Previous PIC bumper beam 206.5 kN 6,664.9 ]
Redesigned PIC bumper beam 212.0 kN 7,520.37J
Difference 2.6% 11.4%
250

Redesigned PIC bumper beam

200

Force [kN]

100

Previous PIC bumper beam

0 20 40 60 80 100 120 140
Displacement of C.0.G. point [mm]

Fig. 9 Force-displacement curve of composite bumper beams
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5 2 A AedE VA d¥ S e ® =i PBL 7wk wabso] w&A aits
deHoR HAFshaAl shalth 2024137k 20253 270 Aol HA F 24879 S Wi oR ARAL
F Aws AAsler, 24 992 SeA A g, S AR, S UEER AAE
oo AT A, sy AFES Sy MEEAlA SAA SR fovdh o] FeHa, 53 A
a9, 99 % 2% TY 5 VT ane] /Aol FrYAT LEwE AAE FHOE S PBL
ol SFAE s Fvisk BYURE Austa deAe AAA HeE FAE AL 4 F ATk
A7+ PBL 7IWE wupio]l YAl et agel @4 ARe Adtshe aad wg e A5sile
W, FF ot oA PBL b A 2AE AlEshs A gert gt

Abstract: This study aimed to empirically examine the educational effects of a PBL based course implemented
for students majoring in mechanical engineering at a college. The research was conducted over two years,
2024 and 2025, with a total of 248 students, using pre and post course surveys. The analysis focused on
three areas: ‘learners problem-solving activities’, ‘learning achievement’, and ‘learning satisfaction’. The results
indicated statistically significant improvements in both ‘learning achievement’ and ‘learning satisfaction’, with
particularly notable enhancements in functional aspects such as problem-solving skills, collaboration, and
communication abilities. Moreover, PBL classes centered on automata construction increased students’ interest
and engagement in learning and promoted the practical application of major-related knowledge. This study
demonstrates that PBL based courses are an effective educational method for enhancing core competencies in
mechanical engineering education and provides empirical evidence supporting the expansion of PBL in future
engineering education.
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PBL Topic: Jumping Kangaroo (wwl) Conceptual Design (ww2-3)

Bod:
Y Head

Final Prototype (ww14-15)

Dﬂloﬂ%

Tackwondo Volleyball Basketball Wrestling

Fig. 1 Example of PBL theme and project process (jumping kangaroo)

(a) 2024 PBL theme : athletics

Merry-go-round Ferris wheel Dolphin show Gyrodrop

(b) 2025 PBL theme : amusement park
Fig. 2 PBL theme by year and project works

Fig. 12> ‘Hli= A5 7t PBL FAZ AAEHE A dfdHdA Fa5 e 155 5249
oz & Aol

PBL w359 g3A s 20249 2 20259 9] 27 dAmo] A AFEJEY 4 dEEHE LB
wlele] A FA = WstE FAh Fig 2@ b)el 77 &%
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ZAE GA =

7 7] (athletics) 3 = ©] &< (amusement
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Holmg AL HHEZ FA4Q automatal] THE AFHOZ AEste] L2AES FY3GT &
73712k PBL FAI7F F0131 2024 #]le] A HARE, wigh & ugt 2547 sl 1ga
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Table 1 Subject of study

Year No. of students enrolled in the course No. of teams No. of courses No. of professors
2024 121 31 4 3
2025 127 32 3 3
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Table 2 Measurement tools: survey structure and items

Domain Element Item Survey question
Q1 I can efficiently define the roles and responsibilities of team members during team activities.
Q2 I can build trust and maintain close relationships with team members during team activities.

Team . . . . .
interaction Q3 I can sufficiently exchange opinions with other team members during team activities.
Q4 I can cooperate with and help other team members so that everyone can perform
Learner their roles effectively.
problem- Q5 I participate in activities by fulfilling my assigned roles and responsibilities.
solving Individual

activities contribution Q6 I actively propose ideas and opinions to solve problems during team activities.
Q7 I listen to and am open to accepting the opinions of other team members.

Q8 I strive to search for diverse materials and resources in my major courses.

Q9 I strive to understand core theories and key concepts in my major courses.

Q10 I can relate the content learned in major courses to real-world situations.

Q11 My understanding of how course content is applied in the industry has improved.
Knowledge Q12 The courses helped me acquire knowledge in specific industrial fields.

Q13 My understanding of actual industrial site conditions has improved.

Q14 My problem-solving skills have improved through these courses.

Q15 My ability to collaborate with others has improved through these courses.

Self-directed
learning

agfl?:\rfggllegn t Skills Q16 My communication skills with others have improved through these courses.
Q17 My self-reflection skills for problem-solving have improved.
Q18 I have developed a desire to gain a deeper understanding of my major.
Attitude Q19 My interest in the learning process itself has increased.

Q20 I have gained confidence in problem-solving through these courses.
Q21 The courses were helpful for career exploration and setting future goals.
Q22 I have had a satisfying experience solving problems in my major courses.
Experience Q23 I have had a satisfying experience exploring and solving problems independently.
Learning satisfaction Q24 1 have had a satlsfymg experlen'ce encountejrmg d.1verse perspectwes different from my own.
satisfaction Q25 I have had a satisfying experience dealing with authentic, real-world problems.
Q26 I am willing to take more diverse and in-depth major courses in the future.
safi)svfzrcililon Q27 1 would recommend the Mechanical Engineering major courses to other students.
Q28 I am generally satisfied with the major courses provided by the department.

Table 3 Number of students who participated in the survey

No. of students Total no. of respondents

Year enrolled in the course Pre (wwl) Post (wwl5)

2024 121 121 113

2025 127 84 113

S BRES S 98 AAFT BRES At A9 4F AR fode BAHOR
A74st7] Sl gdirH o R ARgEE WS A -7 (paired t-test)o] Tk, A - ATl A¥rt
St e AAYA de A AT s ol 2y B ATl AR i er A 5
9om Table 33 2ol ALAAF kol Foldt S £ Az thEth 53] 20259 HES] A9 of
oF @2 Apol7t F=Hl ol 3ol gt N ARE AdsHAM A4 AE F= el Zkelzk A
71 woltt. ofef #E FAdS whdste] Al A oA SHEE t-HAHWeleh’s test) TS ©] 83t
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Table 4 Result of significance test (* : p-value > 0.05)

. 2024 2025
Domain Element Item
t-value p-value t-value p-value
Ql -3.53 0.00 -4.07 0.00
Team Q2 -2.32 0.02 -1.27 *0.20
interaction Q3 -2.40 0.02 2.32 0.02
Learner Q4 -1.34 *0.18 -1.10 *(0.27
problem- Individual Q5 -1.36 *0.18 -0.99 *0.32
solving trbutis Q6 -2.85 0.00 2.98 0.00
activitics comtribution Q7 -0.94 *#0.35 -1.00 *0.32
. Q8 2.17 0.03 -3.00 0.00
Self-directed g -1.84 %0.07 -1.91 %0.06
learning : : ) :
Q10 -2.90 0.00 -3.77 0.00
Q11 -4.04 0.00 -2.90 0.00
Knowledge  QI2 2,11 0.04 -3.13 0.00
Q13 -3.13 0.00 -3.51 0.00
Q14 -4.13 0.00 -3.93 0.00
, . Q15 -4.39 0.00 -3.33 0.00
Learning Skills Q16 -3.69 0.00 -3.32 0.00
achievement
Q17 -4.02 0.00 -4.09 0.00
Q18 -1.60 *0.11 -3.81 0.00
. Q19 -1.94 *0.05 -4.34 0.00
Attitude oo 351 0.00 419 0.00
Q21 -2.25 0.03 -2.88 0.00
Q22 -3.42 0.00 -3.44 0.00
Experier!ce Q23 -3.61 0.00 -3.75 0.00
, satisfaction Q24 -3.15 0.00 -4.10 0.00
Leaming Q25 -3.90 0.00 -4.04 0.00
satisfaction
Q26 -2.61 0.01 -3.88 0.00
Overall Q27 -3.69 0.00 233 0.02
satisfaction
Q28 -2.84 0.00 -2.29 0.02
AA E o] drt FoA p-valuew FOFEEA o] Fhol 0.05ET AopH AP & AE] A s Aol
7F BAACRE fou ks ou|gith A tvalued] Auigte] E4F 7 WA AL HAHSF Zolvt
ol o3 WE 5 At vlE Ak uE A ET ghtfe 2 gho]l A J Y Aol
Fdel ofgk W] 7Qlek Ao Ad 5 vk Aq7)A Ha s 2 A ol gAE
A P A5 Fds o gt.
p-values EW 20241 F 2025119 iF-iE AR oA ARAARE foudt Ht g Aol 7t 9l
A oz A3 = Qrh. 2y FEA B4 d &5 9 A oY Lol A p-valueZt 0.05
Bk 2 AS FAT 5 Qdvh 1R T A7 20249 B 470 2Ea 2025 A SOl A AR AR
B AF7E fojulet apolE HolA] =t 1o H|ste] ShE AFHAE B g SR ool
Fit Tl A foust g 2ol 7t g1 E S
tvalue?] Azt 71=oz B 2024 20259 £ TEOE Q4, Q5 Q7, Q9 FolA A
o= AL s HoFa dnt oy AW Hd AT Ao|7t gl o shsAo] thE e HlE
Al Ee Ao AT F Qe o] v TS FEat BAEA &5 g 23E el &
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Development of a Real-Time 2D Temperature-Field Reconstruction Software
for Predictive Diagnostics and Operational Efficiency Improvement
in an Electrified Continuous Steel-Strip Annealing Furnace
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Key Words: Electriﬁed Continuous Annealing Furnace(% 7] 2] 14 A% &), Multi-Point Thermocouple Data(th%
A dlo]H), 2D Temperature-Field Reconstruction(2 X]— 2>=7 A]714d), Inverse Distance Weigting( ]
7{ 2] 7}% H.11), Real-Time Monitoring(2 A1 7t B E &), Anomaly Diagnosis(©]/d %1 &)

Z8: B AFMe A7 A% A9 2ERAA PLCE FHEHe o X dolHE &8st =
i 2k RES 23 2R R AARE Ay 2 AZsehs BUEE AZESOE Jusigit
=S WA AgE o] AlA wiA] @& uds) 97 vhe B HEskgion, woly
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TAst] BUEEe] 2845 woH, @4 24 dioly JIwt A et st AdE, o3 A
& FE SRRt A g IHek 2] de TheAds Ssdnh e AxEdol = FF A
F Abe Aol B g AA AR FES 9% VN Ve R S8 lofh

Abstract: This study develops a real-time monitoring software that reconstructs and visualizes a two-dimensional
temperature field inside an electrified continuous steel-strip annealing furnace using multi-point thermocouple data
acquired from a PLC. To infer a continuous field from sparse and irregularly placed sensors, inverse distance weighting
(IDW) interpolation is adopted along with robust preprocessing for noise and missing data. The tool supports adjustable
grid resolution, time-history replay, zone-wise summaries, and quantitative thermal non-uniformity indices. Validation
with industrial operating data demonstrates stable field rendering in steady operation, meaningful spatio-temporal trends
under transient setpoint changes and cold strip loading, and clear signatures of abnormal events such as strip breakage,
indicating its utility for intuitive situational awareness and early fault response.
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Furnace interior

Heating elements (upper side)

Continuous steel-strip charging
 —

Fig. 1 Experimental apparatus of an electrified continuous steel-strip annealing furnace
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Fig. 2 Schematic diagram of an electrified continuous steel-strip annealing furnace structure
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Fig. 3 Logic flowchart of the proposed 2D temperature field monitoring system
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= 8,480 sec; (d) ~ (f) post-breakage temperature distribution t = 8,520 sec to 8,600 sec

Hi 5@ A Agolth Ao 4R sone3e LEI A5 FANE BT, 4T FE
Fig. 8c) AR7HI% Ao8o gy A FelA nad we exg fA5n ek ot A%y A
e 9719 A%He Y3t gRe

299l FRH BHoRdR 39S AW ATVE B 495
FRoz dal 2EZ W AFH0) wsﬂﬂﬂ e

H

= 2 =

o] de B4 7&% %ﬂ?ﬁl 73741 sz-a— 2x]—°J EJoﬂ ekl S-S A5 ol Fd
AR = 574 zoned 2% AA W7ol Q1A zoned VA= 4 A =g A 3
3, e Bt delA] s 2 quHS HAHgeke b 7o

Au] argoluh 2§ ARaLel T2 WA oA 2 AT E Y] Hd



ol 7t 95

I E

AT A

o

3
o
K
)
e

A

o)

oy
4

e

A7)4 A% 7

go] S I3

h=y

7o R Al E

=

=

AbaL HlolH

Nr
@

ot

<

]

o

o

—_—

&
~o

8,400 sec-E

=
-

A o A

|
A

=

=

il

9
yal

Ag‘

=13
=

)

B sherel

}91 T}, Fig. 9

o

A
(b) A

=

uk
t}. Fig. 9(a), (b)2} o] &

AR

o]

=
T

A eHA oA

PSRl
=

o] &
o

1

‘2

ot} Fig. 9(c)¢t o] AlaL

RN

t = 8,600 sec”7}A] 40
A=)

[e)
o
el
=

M
o)
w P
T B
NN
o o
=2 Nfo
™ RO
o) W
o olo
=
K
o)) o
®E
ﬂr. o
b
T o
S
el T
ojn s
5
=) el
B ﬂo
= <0
T
0
w7
o W
N
%A ,NU
=
oF M
B
:,L 17ro
o|
T
o+ ok
i 3
N X
B o
ol

o '~ 1k Ao
B ST RO

Foll whep 2%7F oAl

43

J A7F Ag€s =

Z

vl

o]

-
T

-
R

7, g oz o]olX

7] 419 =

HlolE Z)uk wUE® A el A

]
=

7] &9

T8 (d) ~ () TRFel A Ao Al xElo] 3}
A wmol==E 99]

Hl
oK

=]
i\l

el A 22}

}-

<0

e 2k 15 ~ 20°C

171 A1H Y zone

o]

ol

o]

1

R

CRESEREE

!

o

oM

T
7

i
el

o

Ho
T
"
Ho
o7

—_—

)A

T
o)
el
N

s

X

No - ofy

j_‘rl_

o]
H

7] 91&l,
1 wpel o],

L]
!

]

R

:Eg}o

] Fig. 89l 4]

ol
=

g3reie,

A
S|

o
i

)

~ Ao

—_—

0

Y
oF o
of o AR F T

Al 2~

—“ﬁ%

ol A,

213
O].O

7hetgich. s shek Alue] S(Fig. 9)9} ol

a5 =

=

ok 7T

~
ﬂmo
ol

—

0

o

;OL
B
™
3

o
o
o
el
!

4 g A

3N
=1l

golE 2 8E Al 714

= At

o

=

Aol A

}‘(Gheating zone), (C) -%]

"?i_

T =
I

]'(Ttop'Tbonom), (b) zone U &x

Z

s
-

o}



B
of\
(o,
Sl
M
ne
B
™
ot
o
T
o

96

(a) (b)

20 Contour (Side View (XZ plane at ¥=0}) | 01:35:00 / +5700s 20 Contour (Side View (X2 plane at ¥=0)) | 01:35:00 / +57005

85

Eimmi
=
2 [mm]

60 1060 3 1500 1935

( ) 20 Contour (Side View (X2 plane at Y=0)) | 01:35:00/ +5700s ( ) 2D Contour (Side View (XZ plane at Y=0]) | 01:35:00/ 4+5700s

2 mm)
Z [mem]
e

2 = = 7o, L

. 3500 3991
X imm)

X [rim]

Fig. 10 2D contour map: (a) zone 1 in heating zone; (b) zone 2 in heating zone; (c) zone 3 in heating zone; (d) zone 4 in
heating zone
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Fig. 11 Time-series analysis of quantitative thermal non-uniformity indices derived from the 2D temperature field: (a)
vertical deviation (AT op-botom); (b) standard deviation (Gheating zone); (€) maximum temperature span (Tmax - Tmin)
within the heating zone
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Abstract: This study aims to enhance the performance of an automated walking pest capture device by
optimizing the fluid dynamic characteristics of a centrifugal suction fan blade. Four design parameters—
number of blades, taper angle, blade width, and hub diameter—were selected, and a DOE (design of
experiments) approach based on an L9 orthogonal array was applied. CFD (computational fluid dynamics)
simulations were conducted for nine design configurations, with mass flow rate defined as the objective
function. ANOM (analysis of means) was employed to evaluate the relative influence of each design
parameter and to determine the optimal design combination. The predicted optimal configuration was further
validated through additional CFD analysis, confirming consistency between the predicted and simulated results.
By integrating CFD-based flow analysis with statistical design optimization, this study provides practical
design guidelines for improving the efficiency and reliability of smart pest trapping systems.
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Fig. 1 Flow chart of the overall design and optimization procedure: design objective definition, CFD analysis;
data analysis (DOE/ANOM); optimal blade design selection

I
v
1 Pest Attraction . Pest Approaches . Pest Detected
Pest Entry (Lure) Device by Sensor
pr—
Pest Count
2 Pest Suction > Pest Adhered to _  Electric Shock Capture Displayed on LED
Pest Capture Adhesive Trap on Escape Completed & User Notified
PE———
3 Capture Zone Tra Di I C
p Replacement isposal Cover
Pest Disposal Rotation ~ ©  epeatz3 > Alert 7 Provided

Fig. 2 Service flow diagram of the proposed device: showing the operational sequence from pest attraction;
sensor-based detection to centrifugal suction; adhesive trapping with counting; rotational disposal; user
notification
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(cover) of the proposed pest capture device showing the pest entry ramp; adhesive trap
region
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Table 1 Design factors and levels for DOE

Hub diameter [mm]

24
37
50

Blade width [mm]

10
15
20

Baper angle [deg]

15
22.5

30

Number of blades [ea]

10

Level-1

Level-2

Level-3
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Table 2 CFD analysis conditions

Governing equation Model Motor speed Iterations
RANS SST
(Reynolds-averaged (shear stress transport) 20,000 rpm 1,200
Navier-Stokes) k-0

28%

191

\___/\\

Fig. 6 Computational domain of the centrifugal fan region in the proposed pest capture device
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Table 3 Mass flow rate results of DOE experiments

. A B ¢ . D Mass flow rate
Experiment no. | Number of blades | Taper angle Blade width Hub diameter
[ke/s]
[ca] [deg] [mm] [mm]
1 6 15 10 24 4.8881e-2
2 6 22.5 15 37 5.7595e-2
3 6 30 20 50 6.4637e-2
4 8 15 15 50 5.7772e-2
5 8 22.5 20 24 6.3490e-2
6 8 30 10 37 4.0278¢-2
7 10 15 20 37 5.8343e-2
8 10 22.5 10 50 4.6116e-2
9 10 30 15 24 5.5730e-2

Table 4 Design factor combinations corresponding to maximum and minimum mass flow rates

A B C D
Experiment no. Number of blades Taper angle Blade width Hub diameter
[ca] [deg] [mm] [mm]
Max. T
DOE (#3) 6 30 20 50
Min. T
DOE (#6) 8 30 10 37
I inlet
: outlet
I : interface
o wall

Fig. 7 CFD model of centrifugal fan

A A mesh)= s 58S 43 x&str] 98l 7 = gt oF 60%F 7(546,54370)9] ==E A}
&3ato] FAsIlem, 538 4T A% Frgs 48] Atstr] 98l w52 o2 Al gh(fine)
AZE At A kA FHE s 27] DA 8003 o] o] ¥ %(ueration)% T3y
ste] A7y FEE] gastes FH AAdE st F 01,2003 ¢ v A
A& skl

43 34 Zaf

L3 Aol wiet A48 o7) Zajol= g4 AdAel el AAfAGst A8 FAF A,
A5 (kgls)= Table 37} zzguq, 1 AR T ALGAR S 2, A A e
AN, Ax A% FEe oW ARMAA 22 Yepkon, sig A Table 49 A4
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Fig. 8 Effect of blade shapes by analysis of means (ANOM): (a) number of blades (ea); (b) taper angle

(deg); (c) blade width (mm); (d) hub diameter (mm)

(a) Velocity magnitude contour for the blade
configurations with maximum mass flow rates

5.
ms™]

e

(b) Velocity magnitude contour for the blade
configurations with minimum mass flow rates

Fig. 9 Velocity magnitude contours for the blade configurations with maximum and minimum mass flow rates
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Table 5 Comparison of DOE; predictive design; CFD validation results

A B ¢ b Mass flow
Number of blades | Taper angle | Blade width | Hub diameter

rate [kg/s]

[ea] [deg] [mm] [mm]
Best in DOE 6 30 20 50 6.4637¢-2
Predictive design (ANOM) 6.6823e-2

— 6 22.5 20 50 ———

CFD validation 6.5516e-2

=

(a) Velocity contour of initial blade model (b) Velocity contour of optimized blade model

Fig. 10 Comparison of CFD results between initial blade model; optimized blade model
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o & WAooz AxE HA AA 2o Aes #oEy] Y& sld 2ol i AAfASs §)
& F7tE st on, #d AnE Table 5o AF2lakdeh 1 Ax, AA AFAde 4 B3
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Abstract: Underwater debris threatens ecosystems and navigation, yet deep-learning detection is hindered by a scarcity
of real-world sonar data. To address this, we generated synthetic data using OceanSim and implemented a style transfer
module to bridge the domain gap between synthetic and real imagery. This approach preserves the structural integrity of
target objects while incorporating realistic noise and texture. Experimental results show that a model trained exclusively
on this preprocessed synthetic data achieved 70% accuracy on real sonar images-a 4.6-fold improvement over training
on raw synthetic data. These findings demonstrate that combining physics-based synthetic generation with domain
adaptation effectively overcomes data scarcity and significantly enhances the generalization of underwater detection
models.
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Fig. 6 Framework of experimental scenarios
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