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Design and Development of an Unmanned Water Rescue Platform
with Emergency Detection and Self-Inflating Life Jacket Launching Mechanism
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Detection(5-3 % A& 7A|), Launching Mechanism Design('&AF %] A A))

A8 ¥ RN F L 55 Audd Fu T2 A4S A6 T A5d 94 2 4% YA 7
P27 Wt AUES A T2 BRES ASAY. J1FY FRYUES BE AHgo] ojHm, 5%
o AFFTHE w0l k. B A2HE R e, LDAR, AAYA AFA5 A /&S BE
sof oft W Q1Mo] SE ARG AE T 4F UAR ERHeR FAT 4 Ao wa, 4
A3 BN WY oA AUEE W] G5aAe] AW 2EH AF WAL st ol
S EREL ) FA AGS IV, )5a TR EEHS FPANA Ao g

Abstract: In this paper, we propose an unmanned water rescue platform with self-inflating life jacket launching
mechanism and emergency detection for efficient rescue operations near rivers and lakes. Existing rescue devices are
difficult to use and requires manual operation. The presented system integrates an IR camera, a LiDAR, and an object
detection machine learning model for effective detection in night and unpopulated environments. Moreover, the system
features vertical and horizontal rotation and a pitching machine mechanism that enable precise detection and automatic

launching. This system is expected to overcome the limitations of conventional systems and enhance the efficiency of
water rescue operations.
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Table 1 System components
Detection unit Pan/tilt unit Launching unit Other components
= Emergency detection = Pan/tilt mechanism = Launching mechanism | = Exterior desing
= Distance measurement | ® Targeting algorithm = Feeding mechanism = Alert control

Emergency Targeting and Rescue and
Detection Launching Alert

B gax.lt/Tilt \ S5
jill 5% 350N
24/7 Surveillance Y=
with night vision =
Point LIDAR  Noise Filtering ~__ Distance —
. Measurement Self-inflating
Detection —e Life Jacket
Mobilenet Unit
Gl
i v
Emelg;l;cy I?ietlectlou Distance-speed Feeder&Launcher
mode _ Mapping Motor Controller
' Launching zg =T =T
€ % ,
§
2

Siren, Searchlight,
119 Call

I Unit '—/-]’/

Fig. 1 System overview
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(a) Detection in day (bright light) (b) Detection in night (low light)

Fig. 3 Detection in (a) day (bright light); (b) night (low light)
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A BE F8l A THFig. 5(a). TFHE7IE WA FYE 3 wpEs S35le] BHe 53
Aol WALE T}
WAbd PR 7= Bagte ¢ixeiH, 23 nEs HUgdor st WA SR SR F RS
pzs

-
of.
BN
N
Nh
2
o)
fru
itc)
2
2
o
ofy
g
Ho
fru
o
N
o
)
i,
£
<3
aa
(9]
S
o
v
ot
_|>i

Camera Stepper Motor &

Linear Guide

Stepper Motor &

-k Stepper Motor &
Driving Gear

Driving Gear Wheel &

Stepper Motor

(a) Detection and tilt unit (b) Pan unit (c) Launching unit
Fig. 4 Design by components

(a) Top view (b) Side view
Fig. 5 Launching mechanism
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Table 2 System specifications

Component

Device name

Use

Computer

RaspberryPi 4B+, 8 GB RAM

Main computing resource

Google Coral USB Accelerator

Tensor processing unit

Detection unit

Arducam OV5647 IR Camera

Camera

850 IR High Power Night Vision Infrared
Illuminator with Adjustable Resistor

Auto-switching IR light source
for night vision

Benwake TF02-pro one-point LiDAR

Distance measurement

Pan/tilt unit

NEMA 17HS4401 Bipolar Stepper Motor

Tilt actuator

NEMA 24V CNC Rouner Stepper Motor

Pan actuator

TB6560 3A Driver Board

Stepper motor driver

Launching unit

Arduino UNO board

BLDC, LiDAR control

ShinYong Motor 24V 3,000 rpm BLDC Motor

Launcher actuator

ShinYong Motor MD200T BLDC Controller

BLDC motor dual driver

Solid Rubber Load-bearing Wheel 180 mm

Rotating wheels for launching

NEMA 17 Linear Guide with G2 belt drive

Linear guide for feeding

NEMA 17HS4401 Bipolar Stepper Motor

Linear guide driving actuator

TB6560 3A Driver Board

Stepper motor driver

5. Daunchingg

B, wilh,_

.
O

6. Daunchingp

2, ol

Fig. 6 Experimental results

(b) Outdoor experiment
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Duty cycle (%) | 66.67 | 68.63 | 70.59 | 72.55 | 74.51 | 76.47
Avg.dist. (m) | 2.02 | 294 | 413 | 556 | 747 | 9.11
S.D. (m) 0.12 | 0.08 | 0.16 | 0.10 | 0.11 | 0.07

,_.
-
.

—
]
L

-
=]
L

Launch Distance (m)

a_
Duty cycle (%) | 78.43 | 80.39 | 82.35 | 84.31 | 86.27 | 88.24 6
Avg. dist. (m) | 11.25 | 12.42 | 13.69 | 14.25 | 14.56 | 14.83 4+ —
S.D. (m) 012 | 0.12 | 0.08 | 0.15 | 0.09 | 0.11 21 | ! | bl i
70 75 80 85
Motor Duty Cycle (%)
Fig. 7 Launch distance by motor duty cycle (average and standard deviation for 10 trials)
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Air Purifier Utilizing Tesla Compressor and Cyclone Dust Collector

Je-Yoon Ryu’, Hyunu Kim®, Hyun-Wook Chung’,
Na-Hee Kim"", Jae-Hyeon An~ and Sun-Kon Lee'’

* School of Mechanical Engineering, Inha University,
** School of Electronic Engineering, Inha University
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Key Words: Tesla Compressor(El & %7]), Cyclone Dust Collector Model(Ate] & FZ17]), Streamline

Behavior(+4138 A %), Tesla Turbme(Eﬂ/\l’/]- EJ{l), Filter-less Purifier(F-ZE 7|34 7))
5 H2 A t7] 90w FV|HA 7Y AREFo] FUhs whel @& ko] Y #Hr|so] W
Astal ok & ATl = AtelE 8 JX7I HER d571E AFS Y fle 3UIHAE N
sttt HEH 45719 $3 7 (blower) A& ol oo FASHL, A7 A% 559 dAgs =9
P2 JHE sl AT A SHCFD) i o2 779 4 7E5s gelsiglon, A4S &35
¥ fdSE(inlet velocity)ol A2l 3 3] AFRPM)E 21512 TE PM 2.59F PM 10.09] wAH=A] &
=7 29 A7 10 pg/m®, 16 pg/m® FaEeH, ol HEY AFVY AlelEFE HArVE 4%
37138471 ko] 7hsdhs Kol

Abstract: The escalating air pollution has led to increased usage of air purifiers, resulting in a significant
amount of filter waste. This study developed a filter-less air purifier by integrating a Tesla compressor into a
cyclone dust collector. The Tesla compressor functions as a blower, increasing the centripetal force of the
inlet mass to induce particle capture. The streamline behavior of the airflow was confirmed through CFD
analysis, and the RPM at the target inlet velocity was confirmed through experiment. The fine dust

concentration of PM 2.5 and PM 10.0 decreased by 10ug/m® and 16pug/m® per second, which shows that
the development of an air purifier using a Tesla compressor and cyclone dust collector is possible.

- 7lsMY -
m, : YA A & (particle mass)
Vv : A AWek 4% (tangential velocity)
v, : W ukeE & % (radial velocity)
Py 7}2~ "X (gas density)
mp : JAte] A {2 (flow rate)
C; : 88 7| 9(drag coefficient)

§ o] =2 d7)ASS A133] A=A AL A 3] (2023, 10. 21, L) THE =Y.
T Corresponding Author, sunkon.lee@gmail.com
© 2024 The Korean Society of Mechanical Engineers
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Table 1 Design factor for standard cyclone dust separator (left)®; modified dimensions (right)

High-efficiency General High-capacity Modified
Category dust collector dust collector dust collector din?enls;gns
Q) (2) 3 4) (%) (6)
Body diameter
(D/D) 1.0 1.0 1.0 1.0 1.0 1.0 D 180 mm
Inlet height
(H/D) 0.5 0.44 0.5 0.5 0.75 0.8 H 90 mm
Inlet width
(W/D) 0.2 0.21 0.25 0.25 0.375 0.35 w 15 mm
Upper outlet diameter
(De/D) 0.5 0.4 0.5 0.5 0.75 0.75 De 35 mm
Vortex flow length 0.5 05 | 0625 | 06 | 0875 | 085 S 80 mm
(S/D)
Body length
(Lb/D) 1.5 1.4 2.0 1.75 1.5 1.7 Lb 260 mm
Cone length
(Le/D) 2.5 2.5 2.0 2.0 2.5 2.0 Le 450 mm
Lower outlet diameter | 375 | g4 | 025 | 025 | 0375 | 04 Dd | 675 mm
(DA/D) . . . . . . .
D,
!
W
il
‘ |
‘\ | w
L S |
Tesla 11 ‘
Compressor 5 Y
Ly
Cyclone F
Seperator
L,
Dy

Fig. 1 Prototype of air purifier utilizing Tesla compressor and cyclone dust collector (left); Tesla compressor
(middle); designation of standard cyclone (right)®

22 Hl&2t §F7(, Afol2E HT7| EA

221 S71887| A dd 2 AO|2E HTY| Al HA

AtelE & Hx71el ek H A o] 1#42 19401l Shepherds} Lapplecll ola A4 & Ah® wheba] Ape]
2 A AAE AAS A5 7124d 2ol tiE A AL Table 1(lef)st 2ol A+E Ak
ato] &o gt AA AMEE A8 5 drh? B dFelAE o AFA AFol grd AFE AR
@F Farsto] AlolEE H71E A ot HlEet BRlke] Aol *PQE]E T3t el
@el A5 agste] 248t A7|05 o] g3te] £=A% X4 Table 1(right)e} 2Tt
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rR

Tesla
Compressor

4

Cyclone
Seperator
Lower Part

Cylindrical
Holder

= =er

Fig. 2 Entire structure (left); lower part of cyclone seperator (right)

222 Alol2E F7I7|
Aol 4719l 3t

s s B9 A4S Fusith Fig 2004 A|ZE P17 Astdel 9839 By F7
e BAT & Yk olE PA AAA EYF AAE F ROl $PAE 43S @)

% 7 Z&F(outlet path) AA
Atel 28 7] Adiels HEg 45715 A HeE SV W #A49 As SdS
H°H ofAH & ol&ste] ALt 7|7]ed AAEHE viade F 287en ofaE faae Hd §49
E7F 24 mis®E, TS FAIE Qe BE 3 WEvt B2 PLA AEe] HA2AE ARSI Fig

3(r1ght)°ﬂ/\1 A, o 52 93 619 FHE £ 9239 FAE 1 mmo|th

Eﬂ}\a} H571e, el Fell o "y2=A7t 7]37130] AQl mH S} o]F A AR TAEH
=& 3 AA7IH ‘:]i o 1 Apolo] frA| Atolo] s AU 7 wEHM hHE FIHAV|AL FE5S ¥
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Fig. 4 Simulation result of the ANSYS FLUENT (left); top view (middle); side view (right) of the flow inside
the dust collector
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Fig. 6 Particulate matter generation through incense burning (left); air purificaton validation test set-up (middle);
PM sensor installed at the outlet (right)
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Table 2 Experiment summary
Test 1 Test 2
Inside of air purifier Fresh air Inside of air purifier Fresh air
Outside of air purifier Polluted air Outside of air purifier Polluted air
Applied RPM 1,400 RPM / 1,600 RPM Applied RPM 1,600 RPM
Purpose 1 : checking dust purification rate
at 1,600 RPM

Purpose 1: check whether the purifier has
a purification function

Purpose 2 : comparison of purification rate
according to purifier operation

Purpose 3 : checking whether the result of test 1 is
purification by dilution or purification of purifier

Emission .
Clean Air ® [©) Emission

Clean Air

Clean Air

Polluted
Air

[ Test_1]

Emission

Emission
Clean Air @

Polluted Air

Polluted Air

Clean
Air

[ Test_2 ]

Fig. 7 Test 1 illustration (left); test 2 illustraion (right)

A 54 7 W9l el 2A8skglan, 1,400 RPM¥} 1,600 RPMell A B w1
7F A&A 02 ZFASIATE PM 2.5, PM 10.0014 = WAIMA] w27t AA 54 7hs WHHE
1,400 RPME QI7FSHE ™o &% fha e = gtk 1,600 RPMOIA =

o = a4t

B 1
T

PM 2.5 50% ©17, PM 10.02 °F 40% g% 7FA8F3ith PM 1.09] MAIWHA] F=5% 1,600 RPMOI A oF
10% A= Aasginh. 3 F95E 10 m/sel A wAA ek 23] fgadks ld 5 A9l

o}, ohwk 1,400 RPM¥} 1,600 ALx o7 A7) 1,400 RPMS] Z 37} 1,600 RPM Z 3ol <
S uHES 7hsAol ARk wEbAd 1,600 RPMYHS S171H31S wjo] 7HAass Folslry] 9 2F 2=

A5

322 AlE 2 : 1,600 RPMOI| A S| ZHA-2fnp Xpod ZbA2F H| W
Ad 20 M= A 13 digi2, &7
Ak A, 7171 F mAHA AAE T2 SASFATG(Fig 9). TUEHEE 10 m/isoll A S435H7] 9
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Air Purification Validation Test

PM 1.0 PM 2.5
j 5000 | T
1000 !
1 1
1 4000 - i
800 ! !
1 1
| 3000 |
- 600 - ! E 1
£ | ) |
[=2} 1 = 1
= 1 2000 1 1
400 ! !
1 1
| — PM10 1000 | — Pm25
200 4 | === ON: 70 (1400 RPM) | === ON:70 (1400 RPM)
| === ON: 80 (1600 RPM) o | === ON: 80 (1600 RPM)
1 1 1
[ 2 4 6 8 10 0 2 4 6 8 10
time (m) time (m)
PM 10.0 Comparison between Different PM Size
5000 { : 5000 4 T
| i
1 1
4000 - E 4000 - i
i — PM1.0 i
E 3000 i g 3000 1 — PM25
) | > — PM10
20004 i ¥ 5000 4 -=- ON:70 (1400 RPM)
! ——-- ON: 80 (1600 RPM)
1 '
1 1
1000 4 | — PM10.0 1000 4 ——
| === ON: 70 (1400 RPM) \
| === ON: 80 (1600 RPM) 1
01 T T T T 1 T T 0 T T T T - T T
0 2 4 6 8 10 0 2 4 6 8 10
time (m) time(m)
Fig. 8 Air purification validation test 1 result
Air Purification Validation Test (Machine ON/OFF)
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S B}
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5000 — PM 10 (ON) 5000 1 — PM1.0
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. 3000 A s 3000 O
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>
g >3
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S
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Fig. 9 Air purification validation test 2 result
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Design of Robot Drive Adopting Improved Rocker-Bogie Structure
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Key Words: Rocker-Bogie Mechanism(Z # X.7] "] # 1 55), Design Optimization(/H Al # A 3}), Genetic Algorithm(+F-
721 &312] %) Delivery Robot(Ml & 2 4), Leveling Platform(5=33 74| Z 2 3%), Gyro Sensor(A}o] 24l
A1), Six-Wheel Drvie System(65 T-5)
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tol Aek SRk Aol bR S Ztes FATAHS 2 TH A AA e ad JAH
(shock absorber) S =913t =M Aol 7Fal %] = _ ZAlo] 20% ol
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Abstract: This study uses the rocker bogie structure to develop a driving unit that ensures stable driving even with a high
center of gravity. An optimization function is applied by assigning design variables and weights, and the link length is
optimized through a genetic algorithm. The Signal-Noise ratio is used to optimize the center of gravity when climbing
stairs, and the upper horizontal maintaining system and shock absorber are used to alleviate shock to improve driving
stability. Even though the center of gravity has been raised by 20%, it has high driving stability when climbing stairs and
driving stability at a rough road. So this driving system can contribute to the delivery robot market.
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Table 1 Design problems

Optimize the rocker-bogie link to achieve
. a 20% higher center of gravity than the existing design
Design problem @ o Ign T 07 gravity @ =1ng eslg —
Soulution Optimize the link length using a genetic algorithm, and utilize
the S/N ratio to improve driving stability on stairs and rough terrain
Ensure driving stability during object loading
Design problem @ Soulution Measure the robot's tilt using an Arduino and a gyro sensot,
maintain the upper platform's horizontal position using a servo motor
Table 2 Design restriction conditions
Item Constraint Item Constraint
Maximum load 2 kg i PLA
Material
Average speed 4.2 m/h CFRP
Wheel diameter 13.4 cm Drivable curb height 15 cm

ol A Au|x FPrRo] dAstEHE A oS 9% 2R el gk A= AFAL ok
#}a wsl 2= 9t}

B i—‘?—oﬂ X1 rocker-bogie TZE Ml .
A g 2o TES HA F rocker-bogle TEOE =9
@ope A4 Fao) Alsd 37 BueSmL WE A0 B3 ¢ AT el 4 B 22
& AT o8 dole] ATl ZHol/ el B A9 Badel glol, FU XIS Fus]
Aa) e FA SAS HAE Rl ettt o] & wlg =X & =
2A FA o] Zolrmz F3) orA A o] Wolxth, uhelA] =
£ A7z A9le Adee] Mg 22 dAA FAES WR

olyet A, &5 A T TSt Fokol Al rocker-bogie 737t AFE-E T2 3 7o|t},

focs

12 A 28 2 & et Mo
M3 7% ZAF ATG haE LR X d 7}5 3 rocker-bogie TZ7F WY RO FEHEA
ATk, L2y rocker-bogie T-EE FATAC]l 25 Eolol 1/3AH B ok fA6t7] wiZel v

23l AEstrlols weke] BQ sttt oo whel Table 13} #o] AA ZAS Aolstarat gt

1.3 MA Htx=A
Table 29} 7L A|Fz2HdS &=
AS-5 7Hg8 291 VI Al

Ko
=
Atk F3 &re A4 FF W

I
ﬁﬂﬂﬁﬂﬂﬁ11

=M Adad s ddetr] A8 =S Faste] Rlad S AA AT, AT Blald 2 Table
i “Design of Rocker-Bogie Mechanism(Abhisek Verma ©| 578)°®& Za1glc},

ooy mdo] A7 B3 gAEE ddsty] e, vuds 7P dubE el A rocker-bogie ¥ A

ZE AT o Z Qe gint ey AT o] POl 9 bogie®} rocker7t WHb= A H o] A F ] 7

o nBolng thed e AR 7ES AAS I Hlude] mEs MA s}
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2.1 ANSYS sl 4 S & F Rocker-Bogie & 4 A7

271 ®7|(rocker-bogie) T3 279 H7|9 TiA[Rle] 47, AMAE T vhgstA A4 5 Q)
g 2522 50 ARV 2esR® NS T stes & H%F% PJo gz HAAE A,

271 ®B7] P4 3705 ANSYS A st A7l Table 45 FRlstH, 1
L 069 u= 74 35S MEl = rocker-AHE | bogie-4tZtE A xR
Fol7] wWiEel AA T8 Y FALAY FAS 71T 5 da, BI7F AE
& Al A Fe mE v o FAPE R 9

O o

Eix Jz_zjgi ARE9s a1 A Aol I, L, I, [, S AA HEOR Fo

MatlabS o] &3 £ Asl@Z Heetal HFAom WA Aol 1,1,), B39 4%
(8,,0,)E5 T+3tt}. Matlab U] “optimization Toolbox-genetic algorithm”ol] A 3= 45 st A&} w
2b, ZdWo], thx] T WHoE AUE A HA3gl st Ha Hols )

B dolst B2 Aol FFxAS EUE utF e A, vk & ukF Alolo] 7h4
aEete] A 21S Agrh. AYE e 2 AA FA4 g A sk TreA ¢
of, FFAor HA9 Aol I, I,1,), B 24%(0,,0,)5 ==3h09)

Table 50 2HA® W49} 215 =2 Matlab 2] optimization toolbox - GA algorithmg- o] &3 ¥ 2
o] HAslE Pl 3itt.

& g0
13} me

Table 3 Selection of comparative object

Bogie | Angle 90°

Angle 90°

Rocker

Length | 2 * bogie link

Table 4 Rocker-bogie shape

Rocker
/ Rectangle/rectangle Triangle/triangle Rectangle/triangle
bogie
Maximum Maximum Maximum
stress [kPa] stress [kPa] stress [kPa]
Analysis 147.1 143.2 133.9
result Maximum Maximum Maximum
strain [H] strain [M] strain [p]
0.766 0.746 0.696
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Table 5 Define variables and apply fitness functions
Variable name Note
Linklength 11,12,13,14 [2 = 11
. — -1
Variable S o 0, = sin (2 <1, ) ocked bogie
Ink angile vz - I, X cos0, J,.-.mrJAI N I Lycos8,
6, = sin (T) T 4.
Constraints 67 mm = R; < I; < 550 mm (67 mm = wheel radius),
11 +12 2[4,13 _[2 > ZR, 91+02 < 900
icti ici T 2500 -cm
Friction c9eff|C|ent y=— = 9f — 01056
U N 22 rpm
12V 1\°
i Force Rug? ~ 175 m4)\316
fFLtntfirs?1 p p= —Z‘ZMZT? - (123 7}14251316) (2500 gf - cm)? = 0.1384
unctio £~ (25009 /12 V)Z
. T 7r
Design angle Y1i+7s (7 - 91) + (7 —-65)
Orover Orover = 2 = 2

Table 6 Results of S/N ratio by link length and link angle

Try num. Try 1 Try 2 Try 3 Try 4 Try S

S/N ratio 69.4812 56.5545 61.5747 63.2557 43.126
Try num. Try 6 Try 7 Try 8 Try 9 Try 10
S/N ratio 49.7189 45.038 62.5336 48.7122 51.9526

Inclined line

- W W W m W W

Fig. 1 S/N ratio

2.3 Signal-noise ratioE 0/ &8t FAHSA X =Xz}

SINH] &+ “signal / noise ratio”E 2] 8tH signal> ZAl'Te] 7127], noise= FAIFA S HlAolth. miol
Ads & W 2= FAISAY AF o] A Ald 7]&7] Pl dodrE 23 F2%le] &
rgslth= S nsch® wepa] Algk FHE Al A slopeet FAITA 2l AA Ale] WA o] FH A
sk Zlo] HA3t H3polth. SINHIE AlLte] Hlol7l HAVE He B3 dols HF ddow AP
=3

Matlab®} SimulinkS- o] 83t ZHo] ATS SHFEE BG5S AJEdolA sl 239 FAEAY A4
A& 29 SINHIE A8, o] & flal SimulinkE &8st =it &5 ??ﬂ‘é} 3L Fig. 19] —1ej
o} o] AZH(xF)oll W FAFAH el gl AH(yF) HstE E1ssitt. o] dHolE #hs o] &3
o Aol 71&7]2 QI wrEofA = AA G v wEoA= FHYE 74 st Slth®

olAY A duElFE T =EFe P sete] 77} SINHIE EAISkAL SINHIZE Al 2 A Ao
2 ol o] AlY =2 MNAR Buste HEAHQ gH dolE HAFL). TabIeG—S— Zy 83 Zolo] o
3l SINW] HZH3LE st Ayola try52] HA sete] Fho] 43.126%2 71 =2 SINM| kS 7HAT. o}
gA E ZRAEAE FE ko] M Hold ¥ sethE o] &3] RS AZstaizt gt
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Table 7 Robot climbing in cases

Flat terrain 15 cm high bump ‘ 15 cm high curb

Fig. 2 Horizontal maintenance structure

Table 8 S/N ratio, link length and link angle set of try 5

Try 5 S/N ratio H] 2L S/N ratio Try 5 link length set result

M B Intersection and Area between Curves 1 [mm] 320

' 12 (= 11) [mm] 320

. 13 [mm] 443

: 14 [mm] 280
thetal [°] 29.335

L] = e 0 :"I tanl E = LS

43.126 theta2 [°] 32.26

24 &5 58 ]X| AI2H

Q3 Ao, FATA AA HAs AAE wtFOR AN T fA Al=gE dAAg. Ao ZAME
ol g3l =iel 71&71E AABL, obFolkmelA AMHEEE Aojste] -0 £H& FAFTE. o A
HEEHE ZF AFuit 9 &= Afolrh duke A Laﬂsﬁ SG0 27HE AH&3te] 27§ F(rolling,
pitching) S Alolatal, o] ZAA = AAA 02 B 75| 9= MPUB090S AHEgth. A HEE ] 7]
23l 0° < dE gk <90°elW AAl WaFo R 3 HEkal 90° < Y

(¢4

el

FX17F 90°91 AS a1 2k < 180°0] ™ 11A|
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Table 9 Expected effects through introduction of rocker-bogie driving system

Thanks to the rotational joints allowing the robot's joints to move flexibly,
Improvement S . . . .
. o stable driving is possible even on rough terrain as the wheels maintain contact with the ground
in stability . . .
and Absorbing shocks and vibrations reduces wear
o on the robot's components, extending the lifespan of the parts
durability , . . . .
The robot's applicability across various fields enhances its market potential
Thanks to the Rocker-Bogie structure and the leveling device,
Increased the load capacity is increased compared to other delivery robots
load capacity Because it allows stable driving regardless of the type of product,
delivery time and costs are reduced, and customer satisfaction is improved
3. B
2 EroAe AN 2 AGS St Ao = SHESE 5= 9l rocker-bogie WA Y 7IREe] 2R FE5H-E A
STk B ES o] §3) /| AAUZONA D m o] TE5Y-5 A shstel AL O, Sk b
S sty A SNH] AN Ba AR o] RAFY AAL AN G ZR FER A WS G =
Sk W 23] A g H W wG FesEE +Y5A G} 57 438 AT 27 Qv
Fbste] ALg AR MY W RS ol 3 STk A g /IO AN AF R Ae 7 vho] T PLA
TEE, 75 7o RE, M E Y T XE FuS 23l oF g FAE 2t A FQ18Hh Table 85 FaLst
W Ed S 7 vaat g vl Al FAIF A 0] 20% F8-oll = S/N ratio 2.66% HAaEHS BRI o 24 A
=g a4
1otolt]o] 2 B8] WX Falo] GUsL B 5ol b e] & TERE 2 Hrhel Tk A
A @AY HEo], Lxrro Mo = B Ad Al FE A AHE 7He @ A o]t Table 9+= 7] ¥ rocker-

bogie®] 7]t & e ol

A= A HaT o2 FUe FAo] FAFA 0] 20% W RS A A 5] A5S vkt
o] e AA gllA AT 3%l rocker-bogie Ml AU Foll = o}t o] EAlstm =, 5ol o} rocker
2 pogie FAS zt= FERE v o R Aol A Blal AES 2 P3) B of
A48 5 9l S Aolt) etk Algty 29 A3 84 Al Eg o] o] ol FrtE A4 F
= st dolHE 5k, g0 49 5 val go|HE o] §ettpd & 2 5o THk ok A
A& 5} Ax2A e st Aoz 7dEh

ox,
© o 4

wreAes Agas dol Be wed 74 ok ot 2o A%
A8 o) Eo BFE A FA o2 A UAA FE0] WE AE 5 AG Tk £
2 01717 §.0.41 o} F T SFAL LINC 3.0 AFS] Eholl 52 2141 0.2 ZhAHE o). B g 2lske] 773
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Abstract: In this paper, we design articulated single continuous tracked robots. The robot consists of a head
segment, a set of body segments, and a tail segment. Any pair of two consecutive segments are connected
via a joint with a motor attached. The segments are all tied up with a single universal chain which is
designed to be able to rotate perpendicularly to the heading direction of the robot. With this structure of the
robot, we first identify control variables based on the degree-of-freedom analysis and the required
maneuvering ability of the robot. Then we derive the inverse kinematics of the robot, i.e., given a path to be
tracked (or what is the same, given an attitude of the robot), we compute all the joint angles. This inverse
kinematic behavior of the robot enables us to propose an optimal maneuvering algorithm which allows the
robot to track the path, minimizes the heading and tailing angles with respect to the corresponding path
segments and at the same time, minimizes the rate of changes of the angles. Finally, a computer simulation
and experiment are given to demonstrate the validity of the proposed algorithm.
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st hESE A Aol B RiTE G4 53 Advk dEl =, 20219 3 s =
Y 57} o]zl 300 ¥l 13%7F F7FstAvhal fA A A Aol dasAtk) 53], 15
| 4] AR = AGFA des e, olwddls L A @A SAHS R st
Hoth wjol Hol &olakA] F& A oA e BEAE @sy] flste], 20001 =
O|FHEH o]lFEES =St ALt olojX|a Qi) o]#gt RS ©A-FF E X (search and rescue
robots)©] 2} H=U,® AA7EA] wig- chddt Fejrh AAE D o, aFdME A AFE BArbE]
91k W Pejo] ZREo] Fus] sy Yk

w2 5o 7 el el ACM(active cord mechanism)¥} TSD(toroidal skin driving), omni-tread 2]
Aoz 72T 4 Utk ACM2 Frenet-Serret®] WA 24& AR&Sto] 250 wltE EARetaL Alojste= W
2lo|t}.030 TSD= & 5te] 7} “}‘qg Emol= H 9 ﬂﬂi A F S gIE Ao dolrte W

>
2

2lo]tt? Omni-tread= Z3& T3k 7 vire] 4b9]e] A eES FASaL, o]5S Y JEH
o= dAFste FEshe “L’“o]qm)

shd, W 259 5 H 3 WA uwhel, 58k (passive wheel)?} 555 % (active propulsion) 2]
o8 o= gtk SEukE ARShe B BRoRs $4FPUslA eE ACM-IIY7E tE

ot} sld BHEL FeulFE E8 oA vl (anisotropic friction)S TS oW, 1 A} o] &
FRE £ FUAL. o), P WEES Aojaol s HAE BT, W 22 4
FRE A TH U oEAR Aole] Bolgo sl BER EHe FERN W miHol AwH
3l 9tk 71 F, ACM-R4"”9} GMD-SNAKE2'V= 50H9] )il T5ut7E AFS-Stth ACM-R4oIA &=
Bo) SENAS] 2Rel @ ofE TAN, 7} HES A FARFoR wAss o= A%
Hol 2ol M 9 o]FS Aottt GMD-SNAKE2E ¥53 e 2% vt Ed 6719 22 T}

B2 Euden Aol miel A-FAol ATHEs WA @R BIA wFd 2@

HU

omni-tread =XV vk Al FEAAEE AMEF SEFZ mielth o] 2R FHET(pneumatic
bellows)Z AHg-3ste] 23 wir]e] Wy} X5 Aot} SouryuIVHIE FEAAEE AMESHE T 02
Fele] o=, A e wirz FAgEm, Zb wiojuich e FEdwst pEE e gatEo] glu
uhe AbelE Sl wEdl= RHO| AEES AT er WEdFE S WA st AAE Aol
ohompA etz vuhgu AR Al ERol=9] 93 E o] fste] o]Fshi: TSD =RV 99 E =i o
oA mepggoer olgAA A-F FIHS FHEIG EI 7 ddo] RE9L Y|olE Gt =

Fo] AAE AlolFitt
AT R 2Res O S8 Bdd T AMEe] rlEH, BE o] AN s
Aep AA, FARR 55 SAstA Ay 539, AME T3 A 2 FIYE T 2|
filter) =+ P23 X HE|(Markov filter)S F3] e Y3l B} &3 AWE FAHs7| = ) g
U o] W gEe] BRES e 249 BARR dste] ARl oA @ v As dee] A
i )
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=
sha, ol =2e] 914 L A4 5o F4 T 242 $AFA WS 2900] Heh ol W) @
AT WA S LGS BRES £ J1EHS BASHE B4, BE F A9 FIAEE 2 vhe 9
A Aoz WA Bz AT AFS Bheol ¥ Sn Qe g
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Fig. 2 Joint angles, path angles, and angle differences of an SCTR for a given path

SCTR & W3S whg} wE]vlt](head segment)®} TH2] =5 v}T](body segments), 12|l A2 w}t]
(tail segment)’} AZAE F2F Zteth A F vitrt A48 AHES 23 I8 HEFSs wg &
A 08 MEE 20k 7, HEuit e o rihE ole #ES 1 #doln vt Ak FH
ANES A4ste] =239 FAEEeE FUHA ADHE 74, /I8 ANS 1 Fe= <Qlsle] =
5o adakel diste] A oR 3 shsstth. AHAe] PFE HAE st U Al si=E
T, AA AW JEFH v A== FA W = (grounded pad)et ek Az FEfl ARl =X
e o r ol Aolg d=E x7|g)

~

b L el BRI el 2B BEvS] dolsh Qe - me 4 el Aol 2
F LR BYsh obgel, BEvh] shpel Aol N7) Qe % el Prh. Z, L= Ndelt}
SCTRS] 7151 @ape Aol slajel ARHADE, olFel AT Aelach L, A WA BA7

=
(joint position) p, ER?E Welrirlsl Q141d BARTE Al L%E Wolx wFvit] tYF Aol A
o =

S XY Huaow Aargdd gow Ao3thFig. 2 Fa). B m=REAAE pS wE #EHog

FE2rh =2, -, n+29 A5, 1A AEH pE i—1HA BEY JAE Xy FAgor HAG S

Aoty ol5S FAst] ulF dEHolgt FET n+3WA BHEAAH p, ;> 2Y FEAHo|HgILE F 2
Y Hudoe=

3]
w, algmir 9} unfi PARRE Agrt w2 "ol mgniy] giHE Aol HS X

23y, +29 W, A Ao WE Z(relative joint angle) ¢;5= ¥R p, o olA
p; WFOR "L%?‘{} WhA AT AR ppo, b ol T S YRk A, ¢ =¢, ;=022 HJ3
o @9, j=2,3,,n+3d ®W, A FZANA GO X-F BFH p_p 7t ol FE AEE jUA A
o

¥4 Zh(absolute joint angle) ¢, ©l2t 8l, A ¢ =002 A},

e 1 7Hg 10 iEEY, A= Hes 4 n+2 B a+30lth

nEgY 1e BE #Add A9 AANE FAlel 43 ANG Wy BANE AT} n+ 3]
4= 5 A F5g & Avk 48, 5% wtd7E pofel™ mid e F e 292 2o agnt

ot

= n+3%9] 71—-/]5}@(71—3 N=49% Z3%E Yelf= Fig. 1 &) Fa=, 7zt

HEHANAN z2-5F WFoR AEF xolo B F& wiAste] SCTRE AlofstA #rt. weje} mejnf
go| mixd RE 2 259 &8-S, 7 B4 mjxd REE 259 AAE A|ogt.

X-Y FHel Aol mAe] HE(m > ng, ny AANE=S] 27] 75 BEeAE 1 2 W3 {an g0 @ )

atAKFig. 2 Fa). 2+ i=2,3,,mol Wate] ¢_ ¢ 9 Hol7t B L3 2L wl, A g gy g

“(path points), ¢;& iMA BEA, A3 {q, ¢ g, S R o5 AE E= T3 7% = (path)
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ghal o} j=2,3,-,m— 10 tate], FRA ¢ oA ¢ WFOE o] 2 vk} Mﬂ o] F+= 7t
= jRA o 4= (relative path angle) o2k ek j=1,2,--,m—1] wtieto], A FHFA N ¢
o] X-F WL g0, 7t olFE A%E ¥ Ao % = ZH(absolute path angle) w; ©let Tt e,
V=1, =1, =002 ZoJgtt tFo R, 2R oA RI} Folzl A, AF nMY AEHE
I JAx = T4 AXTE B dAe=F iEJ Z7] A7 AREAT TH s RAE e
ghto] olgstel wel, ny+ 1WA FAEHS T FAME=T Artes BdzE AAds] Aojd & 9l
ok &, olgjdt WAow HAAWEo FAE0 RE ARHES ¢AHOR BHIEE Ao s
olwf M nir]e] fJx|gk HA|j=eo] FAI vrko} 9= AEZHS ™M 4 =ZH(path point at the head)©]
o} otH, 5835 WHA kE ARESte] ¢ 2 YWERHtKFig 1(b) e 2 . agnt Y] JAgs F4
of #Jxgt A= ne] = H(path point at the tail)o]2} o). Thgo =2 W]} wEloAY 7t @b
2 Agath ppe St s, 0 O1FE ZH = Lo S W8l 2 A ZHangle difference at the head) 7,
LDyyoQhn—oGhn—1= 28] S AZ(angle difference at the tail) v, ©l2} &l 7H, 4, =, — ¢y ]
ash:}

SCTRZ 1 =4 Fx2 <Qlato] #dztol] A oko] A FHfo glom, o2 <Qlate] A=zt Hgk A
ofx71o] AT

7V 2. j=2,3,-,n+2° sk, 7zt #HHEHAA EHOR Jhed AW, HAA AdEe 747
Gimax = 05— Pjmax <0°1T =23, m—1d ©l, 74 ARAHAN Jbed Ao, H2 A=e
Vjmax > 05 — U pay <0010k EZH, AmZbat R-Zy Alololl= o a0 < Gy, 1=2,3,-,m—1°] A H
A A7NA fray 0 = min{dy maxs " Gt 2.max ) ©1FFD

npxjuto 2 7; wir]e] o]FAg et A#AE= §olE AHosith HE A2l ¢ d W, i=1,--,n+3
of tiste], #AH pot AEA ¢, Aol AZE AR T4 o] 5 AZ (local distance traveled) v, 2h
ok b, A WA Sa olEARE pg ol dolek Bk i=2,,n+30l Watel, pg, ., HolE
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< = TEA FAE st T4 olsAEE
Bol A2 FES 3 AHAGS AAE. 5, 9 7] SHinverse kinematics)!?S =
s

HA 25 FF HJ’%]OH EHO]—Oq ’:jﬂuéh?}r/}. Fig. 19149} o], 23X 27 H(sprocket wheel)> EE
3 A ANEE Fa) FHe WAL, 2ol
o A& HAs SAsoF =, v

F o gEe weld 5 9
a) ART F BAPES Ak AR FzHol ANFER Aofshe B¢
b) AW F AZPES A ARl WAl ANHES Aofshe

2) ¢max9} wmax: :max{wzmaxf"’wm—lmax}% i T‘:]—Xél}-’ A
b = G DS A 2 5 AT BW, RE BEHOE B3Rl 5
o]

2
s % FUs AAs, g 27 wEe
3) ¥ =wolA AlSkSHE SCTRS) §948t w@ w9 bseteh ofsh Bl s B =ie] dul B9l B0

il
n}L’ F

A==



86 L e A T o o= =) R =1 e Rz e

Fig. 3 The head and tail segments (solid circles) pass through the path points at the head and tail,
respectively. The joint positions p; and p, (dotted circles) are on their respective segments of the

path
=T E me st ZﬂrﬂﬂMOﬂ AHF A5 dato] ayE A&k, WA 3,4, n+ 1HA
HAHol = Bzt A4S By Y b)E 2 &shFig. 3 F). O]EE AleFzx7o) gt
AT oA SCTRG] T 8 2es] AL 2ol AFGEN 2 ol dololok gk, 23kl v
E prodeln, R BARE nr 1), WY £ES Se] e Rel AWl wgH o] of
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o] EAEA Fvh wEbd AGERAS udsA] e 2R A AFEE DOF,
3(nt2)=2(n+1)=n+4clth ofA ko] Az a9k b)E kA # ot zaaumﬂ He 32 A
gl ARHES 77 Aok steg, 279 Azl A BFE b)ell ok, 3, n+ 1WA WA
g0l Fo|Xl o] FAd = il A& Fol fAeloF stw, 747 s st & n—179 Alfxo] F
7kt wEkA] SCTRY HE AT DOF= DOF,,cnsirained —2— (n—1) =30tk AHFE7} 30|22
TS 7Fsdtd, ol fsiAE 370 AlojdasEe] dastt B =iolAe 2 A WAl 54 o]
sAY, Me 22z}, A QA AR Itk ol Wavt 2AHW yUvA =4 ols Y
S0 EE #EAE50] AAHM, wepa SCTRO AA AAZE A€t ofeffe] A A 329 3394
15 AAls] 7]= 7o

nconstrained ~—
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32 =4 ols7HEle ALt
A HA & olFAY v H el QA 47t Aol ERE, AR A al
7Hggth 29 %, 4R 4 o] AR ES SRR FETh ol#E A 73 w4 olFAYES AME
sto], AlF A 3394 G7]F8hs Fo] HE AA4ES AXksh
WA, Fig. 49 (d)F Faste] HnitoAe] 4 ol ALES Ttk F ¥A T4 koAt
Pz

wy =L—v°13L L qpy = ¥, — 1 OIBE, Ag_ gl ZAR WA S 488k

Vg = \/L2+w§—2w2[/cos(1/)k—’yk) (1
= 9=t "dEe® o5 o] 8, Al HA A IAAY wyE WA PR o = 2 gm0,
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w
a1 =sin” 1(U—QSm (wk—’yk)) @
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ojtt. olFEA T Olkfrﬂ} AP3Qk—1P2‘°/] & Wz Br—1 = £ D3 1P g A= V-1 Afol el =
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Fig. 4 Schematic diagrams of (left column) head, (middle) body, and (right) tail segments with the
corresponding segments of the path drawn
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ggoz, EEuigdre o4 olsAYE et ol iMA 4 ol ALY vt Folva /1A
S &, i+ 1WA A ol AE Febe WA o ®E X sthFig. 40)9F (¢) ). Apyq o0 Al
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Fig. 5 A simulation result of SCTR controlled by the proposed optimal maneuvering algorithm
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Table 1 Specification of the SCTR

# of body segments, n (ea) 3 Length of body segments, Z (cm) 10
Total # of pads (ea) 13 Lengh of chains, d (cm) 2.5
# of chains between consecutive joints, Maximally achievable angle at the joints,
4 o 30
N (ea) (bmax ()

(a) Overall structure (b) Chain assembly (c) Head segment (d) Maximally curved
Fig. 6 SCTR implemented, with circuitry removed
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(a) At area 1 (b) Entering area 2 (c) In area 2

Fig. 7 An experimental result for the path given in Fig. 5(a)
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Abstract: This study developed an electronic ABS for the purpose of preventing overturning accidents when a
bicycle suddenly brakes, controlling effective braking distance, and preventing theft. The electronic ABS
system detects and analyzes wheel slip in real time to determine road surface conditions. Through
experiments, we optimized the operation of the brakes according to the road surface to effectively implement
bicycle control in emergency situations. In addition, an electronic locking system that uses NFC technology to
prevent bicycle theft has been integrated. This proposed an integrated system that enhances the safety and
security of bicycles.
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Fig. 1 Friction and slip ratio of various road conditions”
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4. Hall sensor-housing

(@ (b)
Fig. 3 (a) Bicycle torque free-body diagram; (b) bicycle’s linear motion free-body diagram

AAVHEL A SErHEE o wiA Gk oln neoaF olgdtel WA FPL =
Aol Agsts vzl HugArtY oz 484 WS & vk Fig 204 ABS T
o)Z7} ol F 4TS dhv] o] FANE B ARAN ABALE U F Yok TF F A

wul WEE A, AR el dulst FAE RS A4s] AA 94 el gl o}Fol
ABSE Ao @},

2.3 ABS A g

BA AAE 98 20 kmhE F8 T FAA Al AEAE 5 m olak, A& A% 90° wvro R dAx
AE AAs, AN o2 AAA S(v)= 20 km/h, AHAA Y] A>E(my)S 17 kg, A &S
2ol A= (m,) 60 kg, L] A1) ¥ WEAE ()2 03175 mE A 833U o] & Eall ABS §l°]
FAA Al AFAYt AE AeE AXEAT Fig. 3(b)9] 5 AdolA AHA AM % duyA =
2l (o)™ 1,188.27 Nm=E AldtEth A4 &5 A9 5 oUA7) 37 @5o® HeE Folle BHE
g8 o] &3t AHAAZ FAAE] Fig. 3(a)9t 2ol dntHE PR I st Id 5o &
S NZF Bk olFAT A u) o AR 2] (2)9] wE 5.05 rad/so)th & 3] A Zbo] 1%xol 289.37°
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Table 1 Coefficient of friction values for clean surfaces®

Wheel Surface Coefficient of kinetic friction
Rubber Asphalt (dry) 0.5 - 038
Rubber Asphalt (wet) 0.25 - 0.75

b e o 5 Atk ol Fal 44 2AA ARAE ABS gl 47 A ARES st

KE= %mvz = %[wz = %mr%wz (1)
o= 2x KE )
Wl?’2
2

Table 194 of=ZES] = Aol whe} upj el =W Apo]o] mpaA|G=7} Wistelo] A7 elo] o3
= e s G910 & Jdom. B3 Als A AdAL g s | Byola WAS T3 9hd A

t 3l AL of~TE I whE b ~FE LWl A AEAYE AHA & o
3l 4% 4 ek A AAE Hd At 2HoRE AHAS} BEAbY
TAZFm)°] 77 kg, ol whek A AL whg] Zzhel] 2HE-8ks SHE(N) 377.69 N, Efo]ojek k=W Afe]
o] mpRAGE wE o} ATE(n)E 0801 ZE of AT E(y,)E 0.50]T)

2 ofATE wwo| A mpEA|SRol] whel mpEe Fo= 30215 No| Ag3th o] AF A7 upH WA
ol-g3te] AlsS 93 HiFl TFeiAlE EHY cp = 9593 NmS AN 4 Ak EE, 2e of~
oA AES %t 2HI ;= 59.96 Nme Ak 4= o) Adid oz 2L ofATE LW
AlE=o] 2] 2 é—EOﬂH g5 10 AlsAeE 7Hd Aot 9 %S vg o s ABS A
vt o] B gk vk o] A Sl E st Als A A ARE AAx TEEARITH

o2 ae
o Lo (m e
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2.4 ABS M7

ABS®] e mEL WAl A 9S 9 Fig 4(eft top)Tt ol AFA-Felol= V|TE A
at¢lal, H# o] A= Fig. 4(left bottom)oll Al & F Slkol 3|d 55 FALES HEetr] 918 WAF +
25 AbEste] AAlEgiT AAE S8 oY AleAYE Tkl 98 Bdlolad A #EEke 4 Q
AXrstAeh AAE 2RO RE ABS REHO HF EA(rp)7F 4 Nmol™W ABS AWA A9 Ao
(r; = 0.015m)= 0.015 m, Hlo]= 2] Aoj(r)E 0.04 mo|t}. T3 AL A AAES $Js] Heo]l=a
ALe]l & A 5(d,,)S 0.0225 m, WARES] mEE Al G ()= 035, YA = ()7t 1, FAE 0.02 mE
A7kl

REo 53y g9 dolE E& 266.67 Nme] H#o]la yatel] 7heiAE @ FS AAE L,
dola dW Ao] r& Tl Wrtel 7HeliXE A & A @)l s 10.67 Nmo2 ALt F71=
AAZAS T3 WA H=Z a7F 1580, whEZ o= 19.29°® AIXEEE F, olE BT UARY] Hwkekel

it

(=

% Qo Wal Ausk A @l L3 Au, ByolAdA vl 1,349.54 No| 28 Q7F 7tejA+=
A& Flskich
d
T:FSXTZTX QX tan(A+p) 3)
0= 2T

d, « tan(A+p) )

m



AAA A EARAL AE 93 AR ABS 99

d,=22.5mm

f— =]

Q u—
e —ri
Fig. 4 Slider-crank mechanism of ABS drive (left top); screw thread on brake (left bottom); forces applied to
disc brakes (right)
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Fig. 5 Program algorithm diagram
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Smart Bicycle Smart bicycl Smart bicycl m 5 bicycl m bi l -
TG, Sl e R s [
<ABS > <LOCK'> %;A-a 01Brckeleuer Option 1. ABS activation
Your brakes Your bike Bee 4 "Lo‘rt il By activating the ABS function,
Control smarter! Manage more safely! T, E)tff'?)i(h’“"gtrfE‘tt';e“lrgf‘l‘zl‘z\eﬁfmé
01 In cose of emergency, 01 Park your bike TG 92 motorcontrol :
§ ontrols the brake:
the bicycle handle pull the brake w rough m
02 The moter in the driving part 02 Place your keys In the reader 038 k - PR
m operates the brake smartly on the top of your bike mheemeel by Option.2:ABS unactlv:-fllon
03 You can check the battery 03 When the key recognizes the : ﬁli Sdé:‘rﬁtlgﬁggjiﬁgz el;';i;g“
capacity with the app bicycle, the LOCK system is start or housing braking state
is instalied
- 04 send charging notification when 04 A beep sounds when set of serisors
ABS control battery capacity is below 30% a mismatched bike is recognized
Fig. 6 Ul interactive prototype
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Fig. 7 Angular velocity difference between wheels: dry asphalt (left); wet asphalt (right)
2.6 ALEAL CIH Ol A T
271 ABS A &=Bap g A] AlA'S ARRAZE O Al olaleta AR ¢ Y EE o & Al
S AFste] s 5 AE Ve ugtEslh o= #l8 Fig. 69 Ul SIEAE R Z2EE]S A
stk 2nlE AR Ag AYAE Ba ASABelA A5 @ 54 0% 9 AP Ew,
ABS Ao171'5 % Fh3o] ALEAT ABS V15 S FEOR Aold + dus Bt
3. 49 H 2
3.1 ol & AHMA /AR AT Xto] EH A
A7 Fa A el geo] el 41 WAl A5E Holrt Ags FAaA. Ad za
o vhe olaBES R ol ABE A AN A SE 20 kmh, L% 2302 W ZFa)
A9 wHe WA AN R F BANT ol ae] wF) W Ex A0S AT 2
& 74ne) Aol AU 4P A= Fig 79 vhE ofABEG R oliBmE hzte] Aol
g 5% dolm adze ndsUt. e ojaBEe] 4 £E7h ARAAE TAA =
zpo] Wt gk oF 2.65 rad/se]il AL of~BEC] A9 ZpEE zto] H kS oF 8.93 rad/so|th 3H
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Table 2 ABS test results according to rpm

Operational Condition
ABS status Non-operational
100 rpm 200 rpm 300 rpm | Temperature Speed

Dry road surface 1.33 m 1.24 m 1.17 m 1.16 m 21.5TC 20.3 km/h

Wet road surface 1.72 m 1.52 m 1.36 m 1.18 m 21.5C 19.8 km/h

Sidewalk block 123 m 115m | 1.08m | 1.04m 7°C 19.5 km/h
(concrete) road surface
Dry dirt road surface 1.76 m 1.60 m 142 m 1.25 m 7C 20.1 km/h

I 3
] HX711 Amplifier ]
N

load cell

RFID reader

piezo buzzer

hall sensor

Fig. 8 Sensor and motor configuration details (left); ABS prototype detail photo (middle); completed prototype
(right)
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AE A3} vl o} ATE AdA= ABSE AFEEHA] oS wle] A A ET ABS %
Mo] F7hske] mEr R AZ 7t

AN

ashE A Bk 28y 2E RPMe] 30021 747
I gl BT 2 of2TE Ao A= EE] RPM 300004 %= H Ao w A
Stlth ofell up} whE of AT ECNAM H AL 200 rpmolH, 2 of AT EAM = 300 rpm
Fd @AM E 54 2dS AFF 23 ABS el we Al

3.3 23
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Abstract: This design is smart system that combines an automatically operated barrier and an open-closed
security window. The purpose of design is to prevent flooding damage to semi-underground households and
to provide escape routes to inner residents in the flood. When the sensor detects rainwater, the lead screw
motor deploys the water barrier to a specific position, and a vice made of aluminum profile compresses the
water barrier. This product is expected to reduce the hassle of installing the water barrier, prevent the inflow
of rainwater, and reduce casualties as residents can escape.
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Locking device
solenoid based Escape door

Hinge type

Security window
follow the linear guide

Vice and motor
for waterproof

Rain water
detection sensor

Deployable
water barrier
tarpaulin material _‘»

Roller

Roll up water barrier and store.
Operated by sprin .
b YispHe Main motor
operating water barrier

Plate S
Deploy/release water barrier Security window
Water level sensor guide

Fig. 1 Front view of the entire product Fig. 2 Rear view of the entire product

Fig. 3 Modeling of plate
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o 719 4 UL Zyo|E ¥ T R AL AA ST} Fig 4= ZHoES 2% vAYUE
& HoFErh T BEHZE s[4 we 2a77t sdetar SYolEd 14" 23F UEZE flotd
2 FHolm FyoEVl A It

ZolES] A, F 570 H}ER Uiro] PLA AAE o]&3te] 3D 2] 2yt o]
ZelolEe] % ¥3 VB CAD ZEIHOR TS W 839,656 mm®olW, PLA AAe] HWxel
0=1,250 kg/m>* S} 3D ZTHH A AAIYA infill g 70%S LEste] 73 ZeolES FA W, E Ut

3} .

W, =0.7% V x p=0.7 X 839,656 x 1,250 x 10~ * = 0.734 kg (1)

FdolEd nAgE Akl A W, = oF 0.0394kgol™, Foll AW Agte] Afaots Bdaz
o] BAHL F =0.526 N=0.0536 kg©| T}

AA B 7= A @ FdlolEdd A&ske e F= W+ W, +2F, =0.881kg% B = =47
YA [=2mm, BE 2AFY A& 22 dYste] g =

_ FI_ (0.8813*2) _ ©
T= 27”7— 97 X 0.472 = 0.594kg » mm )
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Fig. 5 Modeling of vise Fig. 6 Vise and motor
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Table 1 Comparison of objectives and experiments

Design objectives Experimental results
Maximum helght 200 mm 214 mm
of water barrier
Deployment speed 15 sec 10.2 sec
of water barrier
Waterproof o 1 raindrop/min
Width of overall product 300 mm 260 mm

Fig. 8 Water barrier test
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Abstract: This paper presents an educational case study on an mechatronics engineering design class that
designs a ping-pong ball classifier using Science Box and Labview. Students experience the process of
mechatronics design by building 3D CAD models using actual science box parts and by creating and
controlling actual classifier systems using Labview. The combination of using Science Box and Labview
provides many advantages for designing mechatronics systems which are a fusion of electronics, mechanics
and software. Science Box provides an abundance of freedom in creating different designs and gives students
a chance to design with standard mechanical parts. Labview allows students to build up an running systems
with minimum training. Overall this method provides a great engineering design class model for
freshman/sophmore level students in mechatronics or mechanical engineering disciplines.
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Fig. 1 An example of 3D CAD model of ping-pong ball classifier (left); labview program of controller (right)
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Fig. 2 Systematic process of design
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Fig. 3 Process of mechanical design: (a) example of concept design 1; (b) example of concept design 2; (c)
3D CAD modeling; (d) list of science box parts; (e) example of actual system
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Fig. 5 Schematic of aystem xontrol consisting of Labview SW control; USB interface; infrared aensor; DC
motor control
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Fig. 7 Example of ball supplier with infrared sensor
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Table 1 Ball classification project evaluation factors, point distribution and evaluation results summary

) . Average points
Metric name Points Remarks
(2022)
Classification speed Time for
30 21 seconds o
(sec) classifying 30 balls
Quantitative
i Classification accurac % of balls
evaluation y 30 88% o '
metrics (%) correctly classified
No. of parts
. 10 77 Number of parts
(unit)
Qualitative Completeness 10 -
evaluation o
. Creativity 10 -
metrics
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Development of an API for Modifying the Core Catcher Heat Transfer Model
in the Severe Nuclear Accident Analysis Code MAAPS

Dae-Hyung Lee’", Byung-Jo Kim" and Seon-Hong Yoon®

* Dept. of Nuclear Research, Korea Electric Power Engineering and Construction

(Received November 20, 2023 ; Revised February 8, 2024 ; Accepted February 8, 2024)

Key Words: Severe Accident(a thA}al), Core Catcher(Z17]#]), MAAPS(EE3 Ala®A] X2 713) CFD
(A2HF A 4 3

S 942 BAsoA BAT 5 Ak WA Aol A7) 1 wile FRE Wre HJ*SH*‘G}O#
Bz Qg wil £ 2AT 5 Ak ol @ Aol uulstel, £ %@ A2 APRI00S
NANAE =t = §E8 WrATen FaAuE gHde a4

3 7 -
el Awlelr}, & @ 9% REE adetel, 3

Abal A Z = MAAPS

10
e >
Bl

Abstract: Coolant loss or electrical failure in nuclear power plants can impair the adequate cooling of the
reactor core, potentially leading to core damage. To mitigate this risk, the APR1000, a European export-type
nuclear power plant, incorporates a core catcher. This device is essential for managing severe accidents by
cooling the molten core that may be released from the reactor vessel. This study has developed an API for
the severe accident analysis code MAAPS to refine the heat flux distribution modeling. This enhancement
aims to improve the evaluation of core catcher performance under various heat flux conditions, thereby
contributing to more accurate severe accident simulations.
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Fig. 1 Schematic diagram of core catcher
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Fig. 2 Definition of pool angles 6 and ¢ for spherical segment pools
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o Jahn and Reineke (semicircle)

= | Equation (1)
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Fig. 3 Heat flux profile data of Theofanous and Liu for a hemispherical pool and Jan and Reineke for a

semi-circular pool
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Table 1 User input heat flux profiles

Parameter Value Description
FEXTRA(I) 0.7 for theMrrlllcl)tlitlze):lrie{aof(())lr ttctlelol\l;:; tcrr?lr;stfﬁl c?rflfggign{)ottom)
FEXTRA(2) 0.8 Molten pool to crust #2 (Ist in the inclined core catcher wall)
FEXTRA(3) 1.1 Molten pool to crust #3 (2nd in the inclined core catcher wall)
FEXTRA(4) 1.12 Molten pool to crust #4 (3rd in the inclined core catcher wall)
FEXTRA(S) 1.13 Molten pool to crust #5 (4th in the inclined core catcher wall)
FEXTRA(6) 1.14 Molten pool to crust #6 (Sth in the inclined core catcher wall)
FEXTRA(7) 1.15 Molten pool to crust #7 (6th in the inclined core catcher wall)
FEXTRA(8) 0.9 Molten pool to crust #8 (7th in the inclined core catcher wall)
FEXTRA(9) 0.75 Molten pool to crust #9 (8th in the inclined core catcher wall)
FEXTRA(10) 0.6 Molten pool to crust #10 (9th in the inclined core catcher wall)
FEXTRA(11) 0.5 Molten pool to crust #11 (10th in the inclined core catcher wall)
FE“)E()E}%}/%,&I(ZZ)I;O 1 Molten pool to crusts #12 to 21 (vertical wall)
FEXTRA(101) 0.2 Multiplier for heat transfer coefficient for the molten pool to upper crust

Case 1 - Decay Heat

30,000

25,000

Total

- In Corium

In Molten Pool
In Upper Crust
In Lower Crust

20,000+

15,000 A

Decay Heat [kwW]

10,000
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T T T T T
0 12 24 36 48 60 72
Time [hr]

Fig. 5 Case 1 decay heat distribution
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Case 2 - Decay Heat
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Fig. 6 Case 2 decay heat distribution
Case 1 - Corium Mass Distribution
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Fig. 7 Case 1 corium mass distribution in the core catcher
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Case 2 - Corium Mass Distribution
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Fig. 8 Case 2 corium mass distribution in the core catcher

Case 2 - Corium Temperatures
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Fig. 9 Case 2 corium temperatures in the core catcher
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Case 1 - Heat Fluxes
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Fig. 10 Case 1 heat fluxes from the molten pool to lower and upper crust
Case 2 - Heat Fluxes
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Fig. 11 Case 2 heat fluxes from the molten pool to lower and upper crust
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Case 1 - Heat Transfer Coefficient
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Fig. 12 Case | heat transfer coefficient
Case 2 - Heat Transfer Coefficient
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Fig. 13 Case 2 heat transfer coefficient
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Fig. 14 Comparison of heat transfer rate to cooling channel
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Fig. 15 Comparison of recirculation flow in cooling channel
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Indoor HVAC Prediction in Multi-Use Building Using Reduced Order Model
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Abstract: A reduced-order model was applied to construct a simulation-based digital twin for a multi-use
building. The digital twin includes system simulations for real-time analysis, virtual scenarios, and
recommended airflow prediction. A department store was considered as a testbed of the digital twin for
multi-use building. The reduced-order model's accuracy was validated, showing an error margin within 8% of
the measured data. An optimal HVAC airflow algorithm based on the PPD (Predicted Percentage Dissatisfied)
was designed and implemented in the system simulations. For the comfort and semi-comfort modes, optimal
airflow recommendations were proposed, based on indoor comfort and energy-saving criteria, respectively. The
result of the real-time system simulation of the testbed confirmed that the HVAC operations were maintained
in the comfort mode. In the semi-comfort mode, a predicted reduction of approximately 40% in HVAC
airflow was observed, indicating potential energy savings.

- ofo{ME -

ROM  : Reduced Order Model, & A2} 5dl
RSM : Response Surface Model, ¥H-&-3 A2
AHU : Air Handling Unit, & 37]

SA : Supply Air, 353 7]
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RA : Return Air, 3]537]
CMH  : Cubic Meter per Hour, W& A7+ A4
POD : Proper Orthogonal Decomposition, 4] 3}2] 1+ 3]
SVD  : Singular Value Decomposition, 5 5! k-3l
GARS : Genetic Aggregation Response Surface, %1@ kS H
PPD : Predicted Percentage of Dissatisfied, ol & 7+<8&
PMV  : Predicted Mean Vote, oA #2<d7}+
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Table 1 Domain & boundary setting

Analyze Steady state
Material Incompressible ideal gas (air)
Turbulence Realizable KE
Operation Gravity
Heat Zone heat source
Inlet (SA) Mass flow rate & temperature
Outlet (RA) Mass flow rate
Outlet (opening) Pressure & temperature
Fig. 1 Modeling of a department store building Others No-slip wall
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. i5Em T (Zone2 )
C (Zone1 ) s
S A S T e LI 1]
AHU-16[: ... 1.l
F—{ Zone 6 J © | E— (a) Grid distribution in the full-scale domain
*

% Sensor installation location(height)

® Supply Air(SA) = AHU-15, 16 air conditioning zones
O Return Air(RA) Zone 1 ~ 11 : Simulation heat source zones (b) Inner grld distribution

Fig. 2 Testbed heat zone & sensor locations Fig. 3 Mesh of the testbed on 5F, department store
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Table 2 Comparison of measure data & simulation temperature results

Case Sensor data/simulation error 5-1 5-2 5-3 5-4 5-5 5-6 5-7 5-8
1 Temperature [C] 2443 | 2432 | 2328 | 23.52 | 23.73 | 23.40 | 24.50 | 22.35
Simulation error [%] 1.05 4.56 -0.27 -0.64 1.47 0.22 3.18 -3.42
5 Temperature [C] 24.15 | 23.27 | 23.05 | 23.02 | 23.80 | 2243 | 2442 | 22.70
Simulation error [%] 3.25 6.23 1.48 -0.84 3.95 -1.67 4.70 -2.12
3 Temperature [C] 2290 | 23.00 | 21.75 | 21.75 | 22.13 | 22.20 | 2295 | 21.13
Simulation error [%] 1.75 2.88 0.68 -1.30 1.58 0.57 4.22 -1.79
4 Temperature [C] 22.70 | 2290 | 21.50 | 21.60 | 2240 | 2190 | 22.80 | 20.90
Simulation error [%] 2.86 5.57 1.26 -0.83 2.87 0.21 3.29 -3.19
5 Temperature [C] 2393 | 24.05 | 22.80 | 23.00 | 23.50 | 23.20 | 24.00 | 22.27
Simulation error [%] 0.33 1.99 -0.45 -0.93 2.13 0.00 2.90 0.66
6 Temperature [C] 2447 | 24.27 | 23.67 | 23.60 | 2443 | 24.27 | 2430 | 22.10
Simulation error [%] 2.96 6.19 2.14 -0.35 3.87 1.85 5.33 -3.83
7 Temperature [C] 23.70 | 23.07 | 22.73 | 22.87 | 23.63 | 23.07 | 24.30 | 22.10
Simulation error [%] 3.77 7.05 2.64 -0.06 4.61 0.89 6.32 -2.85
g Temperature [C] 2390 | 23.60 | 23.07 | 23.10 | 23.77 | 23.60 | 24.13 | 22.13
Simulation error [%] 1.11 4.42 -0.12 -0.58 2.51 1.43 3.02 -3.69
9 Temperature [C] 25.53 | 2533 | 24.63 | 24.63 | 2520 | 2533 | 25.57 | 24.43
Simulation error [%] 0.99 2.72 0.51 -0.53 1.84 0.94 2.53 -2.05
10 Temperature [C] 26.37 | 2597 | 25.27 | 25.37 | 26.13 | 2597 | 26.50 | 24.23
Simulation error [%] 0.93 2.13 0.30 -0.54 3.08 1.64 3.17 -2.71
25.00 L, Fem— T —
24.60 | [ e e
|- e i
2 R e
23.40 o TEE : 2 g “7
23.00 g S N [ DR 4 1"
2260 I .‘ 3
2220 ; , o A [ - J
L, . GEYO L e ,
iZMO ' S aa B o b
21.00 -
©l (A 1m b)) 2 m

Fig. 4 Temperature contours of height (case 1)
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Table 3 List of input parameter for reduced order model

Parameter list I;;r;;zrtegf Description
AHU temperature (SA) 2 Supply air temperature of AHU 15, 16
AHU mass flow rate (SA) 2 Supply mass flow rate of AHU 15, 16
AHU mass flow rate (RA) 2 Return mass flow rate of AHU 15, 16
Heat source (zones) 11 Heat source by zone (zone 1 ~ 11)
Opening temperature 2 Temperature in open areas of floors 4, 6
(a) Learning (b) Validation

Fig. 5 Construction of the testbed reduced order model
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‘ Input : Humidity ‘ PPD Response

Surfece model

uy | |
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_{ Input : Clothing ‘ é‘[o —H
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_‘ Input : Temperature ‘ b
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E

—D

—&
pc

Fig. 6 Construction of the PPD response surface model

5 \nsys" @ o o ©) ® ® O @
§ e O@. T T
; 5 a Real-time monitoring = E .
3 Inner temperature (8 + 451 point ) e B = e } ﬁ’ e
B ’ v K I -
\nsys s = I L 1 :vqgr‘c < i
oD f  T— - + ——
a Real-time monitoring ‘ % % 0T N
Inner velocity (8 + 451 point ) | '@L e i —
~— |AHU-15
H @ [+— —
=2 o
< ==
g =
tH =0 2 [4—
=i F | — o
What-if monitoring < -+
H : i =z Inner temperature (8 + 451 point g b ‘§ ]
o Ansys @ |+— / =t
H— What-if monitoring oY - 4 = Tl 1 sy | .l q o
— Inner velocity (8 + 451 point . 1S ¥ i + { ::j | 11
\ /A 5w XeE .o | ==
nsys ) ' XN U6 L Lel. &1
= ~ | | &
2 € = |
U |
= ‘What-if monitoring | |
— alnner residence time (8 + 451 point ) =z - == 1 - 4 - 1

Fig. 7 Simulation process of the testbed ROM Fig. 8 Air conditioning zones for AHU-15 and AHU-16
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Output :
Recommended supply airflow for AHU-15, 16
i
Real-time ROM input data ‘
Real-time humidity & clo. data ‘ for AHU-15 ‘
- 5‘— i I PPD RSM
= tE ] HET for AHU-16
{EF ; HEF
Set PPD modes Outer Inner
Comfort mode : 10 % PID PID
Semi-comfort mode : 20 %

Fig. 9 Optimal PID control algorithm for HVAC airflow based on PPD
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L H = 3
- | P = : [
[l E  based e i
= & airflow
Data collction for optimal airflow prediction & control Comfort mode
- Clothing insulation H algorithm -
- Relative humidity % = i
= ]
R Semi-comfort mode
Real-time temp.
prediction ROM
lrE=Hal ™, Real time PPD
i '; prediction RSM
7 : ¢ i > Al
Data collection for real-time prediction analysis R~
- AHU mass flow, temperature Real-time vel.
- Zoning heat source prediction ROM
- Ambient temerature
Real-time resi-time
Data collction for what-if prediction analysis prediction ROM
- AHU mass flow, temperature What If temp.
prediction ROM
‘What-if PPD
prediction RSM

‘What-If vel.
prediction ROM

‘What-If resi-time
prediction ROM

Fig. 10 Testbed simulation system for real-time analysis, virtual scenarios, recommended airflow prediction
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preprocessing simulator resi-time, PPD)

Fig. 11 Real-time sensor data collection and simulation work flow
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Table 4= &FF S<2to] & A5 dolE e} wiAl Azhe] Al Eeold 23} eas
o AS delH el frEro] MARS Elsiglon, HE AS dolHE At 45 &
°F 8% ool A3} AolE Hof AlEd ol Hd ROMS A-&dto] o we Age 52
= gt 1k, dAel #83 dolHE &8s, Ab&A A wWE what-if At
= AL AEE w2 AEdeld A3 Alwe] e Aoz dddEn

Table 4 Comparison of real-time measured data and ROM simulation

result errors (%)

UERH AT Ha A

dlo] € o}

o Zo] b5

Time 5-1 5-2 5-3 5-4 5-5 5-6 5-7 5-8
2023-08-06 09:59:59 3.44 7.69 5.19 3.06 7.26 7.27 3.67 -1.95
2023-08-06 10:59:59 3.50 6.35 4.38 0.75 6.91 5.46 342 -5.21
2023-08-06 11:59:59 3.52 7.54 3.61 0.85 6.96 5.32 4.17 -5.78
2023-08-06 12:59:59 3.28 7.68 3.78 1.17 7.40 5.24 3.74 -5.67
2023-08-06 13:59:59 3.03 6.45 2.55 0.67 5.52 3.57 2.50 N/A
2023-08-06 14:59:59 3.70 6.04 3.89 1.15 7.42 6.51 3.70 -5.96
2023-08-06 15:59:59 3.25 5.78 2.53 0.15 6.03 4.96 3.34 -2.72
2023-08-06 16:59:59 N/A 5.36 5.67 3.76 6.90 6.43 7.07 -4.52
2023-08-06 17:59:59 4.13 5.88 2.34 0.93 6.35 5.50 4.06 -2.24
2023-08-06 18:59:59 4.04 6.22 2.88 0.72 7.20 6.59 4.85 -6.12
2023-08-06 19:59:59 3.47 5.79 2.83 1.00 7.87 6.77 491 -6.72
2023-08-06 20:59:59 3.17 3.22 N/A 0.08 6.82 6.60 4.53 -4.58
2023-08-06 21:59:59 2.49 3.33 0.61 0.30 6.31 5.96 3.79 -4.10

START
Sensor data
Qsa.ms Crams Tsams
Measurement Ealse
data missing ?
Al temp. False Replace with the nearest

measurement data
missing for each
floor 2

available measurement data
for missing data

!

Default value input &
‘NoneValueError®
error message display

‘NoneValueWarning’
Error message display

\—Q_

Utilize nearby temp.
measurement data to determine
the representative temperature

value for n-floor in o-zone

l

Setfing representative temp. for
the (n-1) and (n+1) floor
Tin-1)ref = Loy Tin-1)a /4
Tintadraf = Lo=1 Tins1)p /7

Fig. 12 Algorithm for detecting missing sensors

and operation of substitute sensors
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Fig. 13 Recommended supply airflow calculation results based on PPD
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Abstract: According to the Occupational Safety and Health Survey released by the Ministry of Employment, Labor, and
Welfare, the number of workplace accidents has decreased compared to the previous year, despite a reduction in the
number of safety training hours for workers. This study introduces a novel approach to enhance safety training contents
of plant industry by developing experiential safety training content utilizing virtual reality technology. The development
process is grounded in real-world accident scenarios, enabling learners to explore safety data sheets, safety protective
equipment, and essential equipment for each process in a virtual and mixed reality environment. By employing these
realistic training materials to indirectly simulate accidents, the objective of this research is to provide workers with
valuable experience that enhances their safety awareness. Ultimately, the aim is to diminish safety blind spots in the
workplace and minimize industrial accidents, thereby contributing to the overall safety of workers and the advancement
of the industry.
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Table 1 Comparing occupational accident and safety training surveys in manufacturing between 2015 and 2018

Items Unit 2015 2018

Number of samples Counts 2,000 2,015

Whether or not accidents % 26.1 18.3

Whether or not safety and health management organization % 77.8 78.2

Average number of safety manager trainings Counts 6.4 3.9
Average hour of safety manager trainings Hour 25.1 19.6
Average number of health manager trainings Counts 5.5 3.6

Regular training for office worker % 95.1 94.8

Regular training for non-office worker % 95.8 95.4

Training for supervisors % 95.2 95.6

Onboarding training % 89.0 76.0

On the job training % 88.1 75.5

Training when work changes % 80.8 51.8

Training of special health and safety % 87.0 69.5

Other training % 76.6 60.2
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Fig. 2 Flow chart of immersive safety training content
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Table 2 Results of correlation analysis between accidents and safety actions

# Independent variable Dependent variable Chi-square coefficient P-value
1 Whether or not accidents Whether or not safety e.md .health 35.263 0.000
management organization
2 Whether or not accidents Whether or not regular safety training for 0.865 0.352
office workers
3 Whether or not accidents Whether or not regular safety training for 22801 0.000
non-office workers
4 Whether or not accidents Whether or not sa.fety training for 38.973 0.000
supervisors
5 Whether or not accidents Whether or not onboarding training 17.237 0.000
6 Whether or not accidents Whether or not on the job training 22.320 0.000
coefficient= 0.865% w43} F 71 WG A3E HG oW, Pvalue 03522 A2 FolshA] &

the= 235 Rl A4 ¢ G771k S A 59k #AEA] A3 Chi-square coefficient+=
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7 e AFE B oM Pvaluet 0.0000.2 EAHO R {3 AxnE ol
AL Al A DS AA FFebe] #AAEA A3} Chi-square coefficient™ 17.2372.2 Hﬂéi}
=2 A¥E Eoﬂ o1, P-value:™ 0.0002.Z FAHCZ {23t A3E A3t xﬂ A -3
1Al f-59ke] #AIFA] A} Chi-square coefficient= 2232002 #4143} 3 41ﬂﬂﬂi o AE 1Y
™, P-values= 0.0002.% FAIA S &2 Fo|g A}E gelaiditt. Ao &&3 % 67}X] AT = ’\}!%
| AILAXEAA FEE AN oA WL WE 4 D A AR FYAL

= Table 29 H/“éljr@r 2ol QFH L ou 7t AT Table 18] SA|ZF} 314 ARaLd Oﬂd
X] OLL‘er 2 a8 5 5 e otk 1E87] wide] bHduS ¥ Al Fig 29F #Zo] A

oF 2= 9t}

32 FJ

ofN et

i rulo JZi N jo ux Hﬂ
;

JZi
]1]
é
x ©
Zi
o f
rﬁi
Fli
£
i<}
fo
ol
g
rlr
P
o
il
4

el Sgon UeE Ao A Al sl
. SEAE Fig. 3@ @ol AN At o
Juee g A, EUGR I R
- o Apae] BE A AAE %
1R AA82 Agdr. & 16714
= b A EAARA 7IE 'ﬂ
Asob sheA & & Qrh. Fig. 30 HARET e ol
2 AQdgden AT, A E T
S 7lWto 2 kARSI FE 283 5 9l
e gHgor Lﬁq7}z o=t} E3 rjre O}ﬁii:ﬂ‘
A

o,
T

o 0Pl of & ) m o o my UG of m >

o

-
N
=

¢

32 oo (1

_I]H r
o
T

HHU ok
N

¢

=

?

;Y

e

o

nb
L
ofo

Y ﬂlﬁ o A

-

[
-

0?~

El

T e dEe ﬂifoﬂfﬂ A Qe AR
.Fig. 3(e)= AP A4 shsgo
Hlo ik AP A e A

ng



154 1PE WS - AEE

Jhit A 200 W IR Husiol HZUTMR.
Foie 3 HoRY QTER

o 40 O

N
AU RPY
= ot

&/

Hest

JJ——L

Atz

ol

Non-sparking 33§ AI881X| 232
ULt TR AU 2Y
ATpZI0]| o3 S0 EssItaLch

(f) Accident experience (g) Summary

Fig. 3 Sequence of virtual reality learning in mechanical industry section: (a) accident overview statement; (b) material
safety data sheet lesson learn; (c) learn to wear safety gear in a game; (d) study equipment of heat exchanger; (e)
study on pre-check of equipment statement in a game; (f) experience of fire accident; (g) summary of learning
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(a) Seated position (b) Standing position

Fig. 4 Learners experiencing an industrial accident in virtual reality: (a) training in progress while seated; (b) training in

progress while standing
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Control of Collaborative Robot Based on Impedance Contact Model
for Ship Hull Painting Operations
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Abstract: Ensuring a uniform paint coating, heavily reliant on the operator's skill and proficiency, is crucial to
prevent corrosion and oxidation of ship hulls. This research aims to explore a painting control technique
employing a collaborative robot to enhance worker safety and the efficiency of the ship hull painting process.
In this context, the robot's contact experiment demonstrates minimal contact force, aligning with expectations
based on the impedance contact model during the painting process. This study holds potential for application
across various ship painting procedures in the future.

1. A &

1980t o] %, wul 24 Abde wEA SR, 29 w=wake aEstel A4 A9Ad TUHE,
FHZolE AFst Ala"e nwst 9 st Be #AS v o aFdME =Y 2R A
2 ok 5] EF FobdllA ©@e AFrt FaEa o, dub ok = 2R i 3 S8 A
T deE T BE 22@@EH) 59 A T3 54 2 Aoz v)de] uAx] Esfa Jrh® FHE
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Table 1 D-H parameter table of A0509 robot

Link Q; a; d, 0,
1 0 0 155.5 0
2 -90° 0 0 -90°
3 0 409 0 0
4 90° 0 367 0
5 -90° 0 0 90°
6 -90° 0 124 0

2 ATl E 6 AFE, 7H 5% 5 kg9 Doosan Robotics 35 ZH(A0509)= AHE-3HAATE Fig. 12
23] 7 B30 B HHEAZS BolFEth Table 1S 7z o &% % % ©3 Zo|S D-H parameter
2 UehRlTh 27kel WA s aEA BT 2% Alele] o, ais aEelA zED} 5, %ol

A%, dis zFAA o F oF Aelsl Ad, B 2EAA @, F3) g0 oFE 7ol
of. D wigt g T 2R o] 9x 2 wEe 7 3bd JRE Ay oR 22X Ui AHF
AR ek BEFE A (DA At

IS

N

T d,*sa,*s6,
y|= 0
z as*say*sly — dg* sy * s0,% 505 + d,
O]
o714 6, = atan2(y,z), 0, = a+ 3, 0. =o' + 3

S
w
|

- (92 + 05) - s 04 = atan2(3047004), 96 = atan2(5067696)
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Fig. 7 Torque of robot’s each Joint in experiment
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FEH: B =WdAe 2Z4s g 2ol s o] &sto], 23 A|AEE R Fug SHYE 0|89
o] lead-lag 273719} zigler-nichols W o2 AAIE PID A|oj7]|E & A2HX]Q] offFol HEE 9
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A== Aloj7] o] A 2 Fa g OH:‘O]+ HEES H]E3 st QZ4hn FAE S83le] 404
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Abstract: In this paper, we utilize open-source and freeware to design a lead-lag compensator and a PID controller for a
second-order system using the frequency response method and the Zigler-Nichols method, respectively. These controllers
were implemented as a digital control system using the Arduino Uno board, an open-source device. Both control systems
successfully met their design objectives. The paper outlines the design and implementation processes of the controllers,
anticipating that it will facilitate the development of control systems using various open-source devices, including the
Arduino board.
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Table 1 Elements of plant

Rpl sz Rp3 Rp4 Cpl sz
100 kQ 100 kQ, 100 kQ 5kQ 100 nF 2 uF

S .
v Vo 3
s
05
0 L L
0 05 1 15 2 25 3
— Time (s)
Fig. 1 Plant circuit: 2nd order Sallen-Key low pass filter Fig. 2 Step response of the plant

L AEYolde MEE BuHJATt® 53], dAxpo] Atdlel A= U FAAA RS octave® 2t )
719t semi-real Al E @ o)A X 2182l TinkerCad circuits®©2 ©]&3}o] PID A|o]7] &5 o] 4 o7 A S=
2 Wk olye}, 5¥gk gulglo] 1tdd AV]|s|E e} offFoll -k HES o] &3dte] HA7t A ol
23 A7lE FEE 7 de HES AT ey obFole HESE e XY AFX|of] A &3
T A= gAEAo 7o digh W&S oA Xe 50| o], ¥ =EdAe oF A2 EW =9
qgo]oquJ‘ SHAANS 7Ivte R g AlojA]aEle] A9} ofFoln HEF o] &3 tAY
Ao A =8 ] G50l gt il
2%l M= 22 A 2=EY EWREE A5, FaFsHHES 7|We R £ -5 H (lead-lag) B4} 7] €]
o] Z4 Aol A thFAIL, 3FA A= AAE A A ol disA ohFaL Ao
A3 el A& vlusgitt

2. Ho{7] MA
2.1 SHEO
B omRod 0 AolAsgelde] BAEL ol w=RAs gol 23 Axgoz dAsg o,
AA| AojA| 2Bl o 2ol F&E olatAl 7] 98k Fig. 13 £ 2%} Sallen-Key low pass filters = HE

o
= Agsigon, Audst 4 ()3 Lol fEHth

G(s) =
52(Ry1Ryp2Cp1Cy2) + 5 (Rp1Cot + RpaCor + Ry1Cpa(1 = K)) + 1 0

o714, K gaine. 3|mAle] Aejo] w4 @)9h 2ol Aol

K=1+R,4/Ry3 2)
3 2o ALgH A AAEE ZZ; Table 19] APl a, FAHYo R ZHES] ALdste= FHF
Ho= A (3) o] dojxit
1.05

G(s) =

2
0.002s“ + 0.01s +1 3)
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Table 2 Time response parameter data of open loop control system

Rise time (s) | Overshoot (%) | Peak time (s) Settling time (s) | Steady state error
Open 0.045 70.1 0.14 1.85 0.05
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Table 3 Time response parameter for a desired feedback control system

Rise time (s) Overshoot (%) Settling time (s) Steady state error
Target <0.02 <10 <0.9 <0.01
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Table 4 Time response parametric data of feedback Table 5 Values for electrical elements for lead and lag

control system controller
Rise Overshoot | Peak time Settling Ry C R, C
time(s) (%) (s) time(s) Lead) 10 kQ 6.3 uF 10kQ | 0.066 uF
0.017 4.8 0.036 0.58 Lagg |1.01MQ | 0.11 pF 1 MQ 3.94 uF
ol ! i | ' ‘ [—us]|R C 3 0063015 +1 | [ 0111ls+1 || 99 Y
0.00066365 + 1| | 3.9425 + 1 000252 + 0.01s + 1
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Fig. 6 Block diagram of feedback control system
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Fig. 9 Circuit for feedback control system with lead-lag compensator
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Fig. 10 Feedback control system with lead-lag compensator and step response (top right)
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Fig. 11 (a) Component of digital feedback control system; (b) implemented control system
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Fig. 12 Wiring diagram containing Arduino uno; MCP4725 module; circuits of bipolar amplifier and plant
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Algorithm Feedback( ):

Ref < 1.0
Control input < 0.0

For time from 0s to 3s do:
Output < Analog_read(AQ)
Print(Output)

Error + (Ref — Output)

Control input < Controller(error)

Analog_write(control_input)
EndFor

(. vy

Fig. 13 Pseudocode for a digital controller
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Fig. 14 Comparison of step responses of open loop, PID,
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A Study on the Injection Effect of Ampoule Syringe
by Voice Coil Motor Control
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Abstract: For the treatment and management of diabetes, an appropriate amount of insulin should be
administered daily. In order to minimize the fear and pain of patients caused by frequent diabetes treatment
injections, there is a method of administering the drug into the fat layer of the skin in the form of a jet
flow. In this study, a driving system for an ampoule syringe was developed using a voice coil motor, a type
of linear actuator. In addition, position control and speed control of the voice coil motor were performed
using a servo controller, and the effects were examined through an injection test of jet flow generated from
an ampoule syringe.
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Table 1 VCM specification

Item Specification
DC resistance 6.8 Q
Rated voltage 24 V
Maximum current 4 A
Force sensitivity 17.5 N/A
Back EMF constant 17.5 V-'s/m
Inductance 1.8 mH
Peak force 70 N
Continuous force 23.65 N
Power 110 W
Effective stroke 20 mm

[o=
welcon

Desce 1 (211)

Fo] A¥F = 1 ot AWFor gAY W08 Algstal itk 2 Oﬂ?oﬂ/ﬁl‘— A E 59
S 913k HolAxURE(VCM: voice coil motor)e] SA4S #A3laL FUsHA Aoy ofE o]
SHH BZ FAZ A HAsE AERFTL ¢ aHE Uk

2. HOo|ATUARE X0 A|AH

Hol~sURE(o]3F VEM)E A& 75 7](linear actuator)®] dFo|w, A H 7|5 FItA wE &5
ST e H BHoIY veM % G TR = &l E(solencid) ok 2], =AW Ao, TEH=
7}—?—‘5}1]01 2 ATA AR = Slo] HZ Fhdle, mAVbe Y] o2 O &8 Eoprt solval itk

o
Ao A= Fig. 13 o] AFAaHE F33 VM A28 A 2 AZskdar, veMe F8 A}

kS Table 19] YERS nle} 7o)

22 MEE=zZlo| =2

VCM Aol & 938l Fig. 29 2ol J= A7t 7Hseh AR =] H(servo drive)E ©]-83F3 01, A
wrgto]lH o] 7] AFFE Table 20 YERH wpe} o)

Fig. 29] ME=golB: TE ] HeugE vgor Ao ZRaAs o|g3dle thddt 2% A=
TR 5 3=, Fig 32 AMEEgko]lB GUI sHdS YErTh
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Table 2 Servo drive specification
Feature | Specification
Contunious output current 10 A
Peak output current 20 A
Input voltage 12 ~ 48 VDC
Control perioc 20 KHz
Current control
Control loop PI + feed-forward
Control perioc 2 KHz

Velocity & Control loop

Cascade P/PI + feed-forward

position control
Filters

First order low pass filter, four notch filters,
first order adaptive windowing filters

Reference command

Current/velocity/position

USB, CAN (CANopen)

Auto tuning

Automatic self-configuration and optimization of
motor phasing, wires, current loop, velocity control loop

Table 3 Load cell specification

Item Specification
Maximum capacity (kgf) 15
Rated output (mV/V) 2.0 £ 0.2
Accuracy class D3/C3

Combined error (%RO)

=0.03 / =0.025

Creep (30 min) (%RO)

=0.03 / =0.017

Recommended excitation (V) 10
Maximum excitation (V) 15
Operating temperature range (C) -20 ~ +40

Fig. 4 Load cell with Jig

23 2EHM

VCMo] <i=
2 ALgSIeTh 2 AT A8 ZEAe Fig 40 ek e}
SE JTIAE Boln AE ARstel FHAFAN F8 Age
2ol £E2S olgatel oy £A2 A% stetieE 2

Fig. 5 Calibration of load cell with balance weight

FA1S] A 2EZS w40 BT AEFEY] & SA6] fAste] 2=A(load cell)
2ol 15 kgf (°F 147 Ny7HA S4 ] 7}
Table 33} #t} 2=4L Fig 59
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Fig. 8 Digital multimeter with jig
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Abstract: Since the COVID-19 panedmic, various educational methods have been proposed at universities for
effective practical mechanical engineering education. The flipped learning method is a complex teaching
method that has been widely used recently in which learners perform prior learning through videos provided
by the educator prior to class and then take the main class. In this study, we introduced a method of
designing and operating a course to improve students' learning understanding by applying the flipped learning
method to practical training for driving and controlling collaborative robots applied to the smart manufacturing
and service industries.
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(a) Collaborative robot (b) DART Studio
Doosan Robotics M0609

Fig. 2 Educational tools for collaborative robot control: (a) collaborative robot M0609; (b) simulation program

DART studio
At vpe} o], HAEo] 2o 8ol A=A Flo] FAAQ] Holn= E giH FoddAe
A3 28 EE D A% B e Ak REE FoEF vt

25 B Al EE ol
B
I

I (b) Alof/AlEH o]

_ RN
E% 3
oft
T m
9,
o
T
L
r'O
td
i
o
T
9
BN
v

1= Doosan RoboticsAF2] M0609 E &S AR5} T Doosan RoboticsA AR&=Fel Q1 &)
St T JEEES Axste 2o 29, WAldd, &34, A¥~ T ode FokllA HE
SeAlold EFAS AlFstae Aok Z2RAES wAHAAE 6 kg 7HESH, 900 mm 2Rt
1%, 02 N 59 3 ¥W3E #xes EAFANE GA3 63 FE251ES A}
e 252 1S010218-1 ol W} performance level d(PL d), category 3(cat 3)] &
3L A o)3l3 2, Doosan RoboticAte] FE2E2 SHAAA] 7|5 2 B|AHX] 7] 5

PL e, cat 42 F il SH< BEirstal glof SS9 ddd ge=i Ao dF u

e o e
2 2 )
&

o r

I+

(=]

S

W

8

8

L

J

o, M
g

-

2 92 fo ok
I ¥
2 oor
rO H.Ig
R

3
olﬂ 0,
]

o 30 pE oo o HI

H A sl= o] 3l
2) DART studio
DART studio= Doosan RoboticsAtoll Al A&l A 28 Aol 2 A]EH oA 23 o|t} Doosan
Robotics & =5 Alojo] AR&sh= dpolyd 7Iwke] A 10|l DRLE Edlo] ~AHE sgow =
s A AY 7P HEEVE Jhsstth. ERA A G AEe] SR sY 22 a9ES o8-St
o] DRL o1& &3 He22 71 Ao 5SS T35k, 28 Hud 2XA HE oj¢fd 221

=
= <)
9 Gwe FU 5 Qb wsIge P,

23 nuE 74
& RS Table 194 AIAISE vhe} o] 1552 A A 43F s 559 AvfEAES
of A& 7hed deRie] 54 el st 23 Al g F& 48

Ry

o

[}
Fo pEel WERRS £8 2 ZeadY Aol FnE 2ES sgith 20U T3



158 u}k =4 <

Table 1 Educational contents of the class for 15 weeks

Week Learning course Flipped learning contents

Course outline, Smart factory,

understanding of robots Outline, smart factory video-theory lecture

) Definition of collaborative robots, application Definition, application areas, composition of
areas, composition of collaborative robots collaborative robots video-theory lecture
3 HW configuration, teaching pendant, HW configuration explanation, manual robot
driving the robot manually driving video-practice demonstration
Singularity area, robot motion, . Singularity, motion explanation
4 : video-theory lecture, move J command
move ] motion command . . :
video-practice demonstration
5 Move L motion command, end effector Move L command, move J command-advanced
(gripper), move J motion command-advanced video-practice demonstration
6 Move L motion command-advanced: Move L command-advanced
absolute movement vs relative movement video-practice demonstration
7 Pick&place (palletizing) : stacking blocks Stacking blocks video-practice demonstration
8 Midterm exam -

Compliance, force control

9 Compliance control, force control video-theory lecture compliance,

force control video-practice demonstration

DART studio video-practice demonstration

Python basics-theoretical lecture

Coordinate, motion command explanation
video-theory lecture, examples for each
command video-practice demonstration

Drive, control, speed command explanation

10 Understanding DART studio, Python basics

DART studio :

11 . .
rroordinate command, motion command

DART studio : drive command,

12 video-theory lecture, Examples for each
control command, speed command . ; .
command video-practice demonstration
IO system command, end effector command
13 DART studio : IO system command, function explanation video-theory lecture
definition for end effector command function Example for end effector command

video-practice demonstration

Examples for palletizing

14 DART studio : pick&place (palletizing), project video-practice demonstration

15 Final exam -
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(b) Practice demonstration lecture example

Fig. 4 Video that comprise theoretical and practical lecture for pre-class
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(a) Example of icon-type robot teaching program
(Left: Move), Right: Movel command)

Movel

Callsub | il
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Teaching Pendant
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(c) Block pick and place application example

Fig. 5 Examples for collaborative robot control practice using: (a) teaching pendant; (b) DART studio; (c)
pick and place application example
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Fig. 6 Examples for final assignment using DART Studio program
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(A 4715 41, Disruptive Innovation(2}3l 4 3] Al), Low-end Disruption(4 H]-83 3] Al), New
Market Disruption(2 A7 F&3 A

=5 P =22 gag ol i AdRy vl FAH Faetal, AARE Vlegile] 540l o
gk oofgoll 7Hkste] o2 @8ty A% AAE AA A Frh. olE ff AAERY VEHA #E T
A @ gs AbdT 2o S 2% Y FE 23, AAEY VegA ey g4 5
A A ZEol Thede EAsIT. &, AARY VegAlE VEVEY 3 Ao dee =
D aAs Pl AV A gEfelA Edete] Yo & dAs @5k AREE el Al
AEHE ALTEsAol g MR MRS AFes AN FEE skelE FAld 24s vkE et
Jee AT, 2= Eetar dAe] AAER Vel v A 84 Ve @
2 8 7€ 71es FAeA = Eekar vk oldl # =2 71 Ady Vsdal defew &
471 R&DSF 51 FA 2, AF Ao @7 g4 g wE G Aded At 52454
R&D 213 98 A A ST},

Abstract: We aim to explain the potential of biomimicry innovation for carbon neutrality and suggest
managerial and policy insights to achieve the potential. Based on an abductive approach, a combination of
in-depth literature review on biomimicry innovation and multiple case-studies, we observed that biomimicry
innovation shows disruptive innovation characteristics, consists of (1) ‘low-end disruption’ and (2) ‘new
market disruption’. Nevertheless, we found that the biomimicry innovation did not yet destroy incumbent
technologies due to the low market readiness and technical limitations. Accordingly, we propose firm
innovation strategies and public policies for facilitating biomimicry innovation from a long-term perspective,
such as mid- to long-term R&D investment, independent department on biomimicry innovation in a firm, and
the establishment of policy priorities corresponding to the potential contribution to carbon neutral.

1. M8
21003 7FA] kst Al di(1850% - 1990W) thH] A FH{F % 15T olst A5S& Hx=E shv Iy

“(Paris Agreement, 2015%d) A Z 3} IPCC % 3|(Intergovernmental Panel on Climate Change, 2018'd)2] 5
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HaA 3t o] 715 Wt f7]e tig dAAA di&o]l A4S HAT o]y E tf-g2 2019 9€ AN
HE UN 7| 5433 9ol A 247t= viE&%as S5%s 27 o= o8t ‘BAsH IAdS FdstuA
oS ZstE s ok SuhEl Eek 203097149 2AVE~ HEF A BRE IF AEC17d wE
& Uiv] 24.4% ASelA c18d ST diF] 40% AFoR WA)shs 5 715 WE 9)7] des A=
L Qe ole whEl whAaEY B 7]$ Wik 9] oigo] digk #3)eH ggo® 7 A AA
Aol a&4 A ARE AARE AEET 22 (1) B &S (eco-efficiency)> =&, AEF7HsA
(sustainability)o] 2H= M 2¢ 71X FES ZxZ ot AF-THANEE Ades ) &4 adA
(eco-effectiveness), 12|l 7] W3} f)7]o wWE FAA JPor &GS 5+ d= 3) 599
(resilience) FAdoll ¥l JFE L k@0 ojelgt HetreA g Wt AdAS g =l A

W3 syzR AAEY 7]+ 3 2](biomimicry innovation) i AAREH 7] F A(nature  inspired
innovation)®] FEEEA QTR A ER miE zdRY V)EFAE AEA FX(form T
structure), ¥ 7o ot A gz ste} &8 A (process), LAl o] 50| EA3F= A E Al(ecosystem)2]
25 2 (principle) 2}t JHFd(pattem)E '3H/\'] AEZ AU 2E NMAstAY 71624 EAE A= Ao
2 Aost = Jurt® 53 AAAARY 7|esale ol V7 FE B duA] A HUE uE
Has) Ao AgE s S g%xﬂﬂ' a5 AHAE T oz 83t HolM 84 7
e gAster e Ao AAEa kit o= d H U] 4 (animal colony)®] &% HeE H
wato] ol Ux| AFEES 90% A7He FAnpH o] o] ~EA|o]E AlE|(Eastgate center) Ad? S5 A A

=]
=
=5 mste] olUA] A8 247 40%, 10% M F BN Sdo]=s} oojA W 5] At
A= geldd 5 gt
oleh g AAAARY 7)Ee) B4 HA

2 A, 5, BaTE DA gig A ® Bata, 1
o] 54 7l=He ol #HlA olsfista, 7ol defa Ao FA LS AAHOE AAF =
ol AgHHelty. 54 7w 94l SA4E AAHeR o)ttt Alme AN VAt BA 93
7149 7l A= Fgel wjg Fasitht el B Ao AFEAR fEE AAAARY T]E
o] 374 Al 5L Fololrbet <34 FAls 9% AAAARY Jedgy dAa TP E A
AlakaL, ofel & 7|l 7lws4l Aty R AA AAE A A} FE ol & s s A
AR 71=dA dd AT B AR dig @y} tho] UstA] F7(anecdotal evidence)oll o gk ¥
Zhs Edtste] AAAAR VleEa 5EA4S dutststar, o] & e o2 #HelA A sk Tt
9 FE(abductive reasoning)s &AL TpEH FEL oJRoRHE NS AYstE d9H
I Qe AZS F3f o]E3tE AlkskeE AR W AAEHA Aol digh AAA olse dsE
EgE G20 o] uwhel ¥ A= 34 a3 Bt AAAJEY VYAl Al E v st
i, AFATe] 94 Bdgds wolara) sk

A2, AAAART 7= 34 a2 ofal 4] & Al(distuptive innovation) 53 A =]
Aol &S FASATP F, AAAARY 7|Ee #F AL JE Ve E54 il

(sustaining innovation)©. 2 213k 3}Q] A F(performance overshoot)d] %S L?_ A7y A FEE fs
A& & Al(low-end disruption)oll A ZWale] Fafo] 37 S-S GAsE Hw A SHE g@AFHol
g A2 7IXE A&l AAIE A E(new market disruption) o] &
3l AAAAR 7]zl e Ve IEE FI VE Ve E5F AE EAES HAes

g, stAhFHolgte A2 4 A 7]Wk(basis of competition)o] A2 $-91& vlFoR 7|E V&S T
T US A= gEnh

ole] wmel AAAARY 7= A FHAS AT 719 A e A =

AR A 3 dikarol b8 T oY, ‘%ﬁ sael 714, stA Aol BAAL IF Y B oolE #3 H
ARG A& Ao =S g oF & Aolth. ey olof e AAAARY V=S B A
- oF2 SAAI & (niche market) 7HEel W2 QIrh(d: WaR, 24 FAE, A HF wjE7)
5).010220 el A AAdRY V)& JAW7E ZAHdk 84 (scalability), A4 7] (materials), A 73
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Table 1 Cumulative funding for top 10 biomimicry innovation start-ups (10,000 USD)

2020 2021 2022 2023
Firm (country) |Funding| Firm (country) |Funding| Firm (country) |Funding| Firm (country) |Funding
e de | o [ | 0 | A T ciowr| SRS | o
Coprs Materias | 5 | Aqummodate | g | Biome Renew | 10 | Chamites | o1
(Canada)
ey | 400 | R 550 | Gmbil (Germany)| 54 | “say. | 28
Helicoé% Slgc)lustries 240 Grow (%}és[t::)r Reef Closed Gre?ﬁiﬁi) Labs 58 lﬂgr(;r;%( 800
tmnovations (USA)|_ 470 | wiatertals Swiss)| 3% | TS| 2 | (Denmaty | 29
Nan?$§$kigggtech. Closed Inﬁni(tleJ SCASOhng 1.770 M(eltjasvgp);el 25 Com%);:iirs s)Tech. Closed
Plz%r(s)g};m 210 Mlﬂscel(gg IA}Sners 50 sz[cj(écg;:le 280 C(E%ISX)ita 200
oo ES T | New i | gy | Selome | s | Bilages 1 s
e oo | Tewmon | e[Sk fom oo | B ES o
ﬁg‘;ﬁ‘is(slj‘gf) 43 | Sudoc (USA) | 1,000 (Sll\j)%zliiia) 13
Sum 3,049 Sum 3,374 Sum 2,252 Sum 1,362

Note: Cumulative funding as of December 2023
Source: Authors’ investigation from Crunchbase, CBlInsights, PitchBook
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& oo Premium erformance
0‘8, Q@\\ % g Market ~— _____.---"7T ket
& (P& E 2| __.-----"Sustaining Innovation _—~—" _____-
S 2 -
S A 5 E
L -
~ = el - customers can adoptdisruptive
y _ g | T T - -
§ % <z | - " innovation \
s 0 -
gz | e Low-end Disruption
5 ©
< E Niche
¥ PO = Market
) o
g ime
- New-market Disruption
w2

v

Time

1) Sustainable & Environmental Innovation
2) For example, could be second car, last mile, V2G, and localized energy policy in the Sustainable & Environmental Innovation
Source: Authors’ adaptation based on Yu and Hang (2010), Petzold et al. (2019)

Fig. 1 Disruptive innovation model and sustainable innovation
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2 gas Fetd AR Vel A71ES EAd T 79 o8 B 99n RS AHeE)
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=3 wE &
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T2 71 ARl A gler = Qi 32 71E2 AlolEA TEo] EA1E A 201 ol AT 1947
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StoTherm Lotusan NEXT 59 AEFL EA5tH A F S 714358t ¢t} Stox Lotusan A|Fo] &F
7hegh A arEE 20179 71 W= WellARE AzE 209 DA A R 1169 @9 17.2% T
D)l @8, AFF 10 ~ 12%9] AFS 7Idstal Ah® o= 20221 Sto mjE N 19.29] e &
ks o] g% 2o A Y-S AlAFslaL 9l

o] Hrom= AZrele] AIMAFEHE HaZeolGEH AF), BlEdAEd 28 /A, d/EH2),
B7171(83), A A Alol= wle(bd &4), AE XEYW WA 52 2okl FHA 8= wA
of mE AFAY 2 di EF AMSE A, duA a& Md 5& F8 &4 dile r|osta
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Table 2 Performance comparison between biomimicry and historical projects

Biomimicry project Historical project
Man hours 285 1,620
$23,000 $129,000
R&D budget - Labor 13,000(A87,000) - Labor 100,000
- Design service 10,000(A19,000) - Design service 29,000
Patent application 4 2
Sustainable innovation @) @) ©)
Energy savings ~ \ ~
Material optimization v
Waste reduction N N
Lead concept energy savings 50-80% 20%

Note: D, @, and @ mean ‘double-acting bladder pump’, ‘elastic bladder dispenser’, ‘pressurized,
collapsible liquid container’, respectively.
Source: adapted from Kennedy et al.!'"

323 SAIE AAH 2HF A GOJO Industries®| M| H|F-AMAH KM C| AH A
AdTE 7 & A5A T AMAAZ FEE 159 GOJO Industries(©]3F GOJO)(19461d A )=
I

A H]92] 7199 Great Lakes Biomimicry % Univ. of Akron3} &7
R&D H Z2afle $9dstn vddd Ay 71&8a AFS A v Jvh 2 o tE A
= Ay AES 2wet A v]FA Al vl 234 (dispenser) ‘double-acting bladder pump(20131d)’©]
oh19 Al GOJOE WA F 2 (touch-free, AA-E) NA vlFA A t]~AAE St d2E, B, A

234, EUS AE, AATE 0 S ggon FEstn A OAl o W BAE 9% g

g Abgol whe #4 8 Sk aAlsta ik veo] wiE e AR TladATE wiAE
oA g FARF] IARES stk old A AAe 918 GoJoe 3, &S, 53, v}

A", A&7 EoF A&7 15802 F449 thr]5 8 (cross functional team)S F28kal <0< 1034
FA4H 3xE o] AasES 8 S EE5IZA stk o] 93 GOJOE theFe AR o &
&, HA AT el dig Mey, g AAS} A 34 S AAH R 285kt
1 A3 GOJOE D ‘double-acting bladder pump’ 2o %= @ ‘elastic bladder dispenser’(#]F&& N &
3t Al 2l Q) ‘pressurized, collapsible liquid container’(2] &2 Y 2 T &5 A~y 2 5
gFst FAE] AAES Eagto 2 7]E T 23A(20100d FA]) v fARA] ARE H A o
H Az #7]8 F4 o AAE @A tH(Table 2). 53] o8 gt A2 7]& y=dA 7 Hs
7H3} R&D oAk 20% wITEe. R Folal, ouR] A7 adE 25 ~ 44 oS Gt
S AFAGIY o= AA R 7Nk AFE Falo] 7|9 YAl FE HFE9 AP S FolH, <
AYole] A4 Sd AHS mole MEE 7IHE LTS AASE®
2 Hl Al A ok A 2022 2959 Eele] wiES 7158 GOJO9] 2t AlFolth. ) n
2023 129 @EE AN 2028A7HA] AH A 18.6%°] HHES HolH 39 e
Aol ZdEE v FEOITH 0 2024 29 @Al GOJO= 130709 v]=3A RES dhujsta glo
H, 2% 56717F 7] AR Tl A 8ol rhee v EHA Rdlolt),
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- Innovation Actors > -
Autonomous Org. Existing Org. We;:zt Ore.
I Poor
Using a heavyweight Using a heavyweight
- team in a separate spin- team within the existing Light E:
kS out (autonomous) org. organization Weight Org. E ! !
a E )
2 8
S 3 .
g & Functional
L Development occur in- Using a lightweight or Ore.
2 house through a heavy functional team within
weight team the existing organization
l GOOd Autonomous
Org.
Poor Good
(Disruptive Innovation) (Sustaining Innovation)
Fit with Organization’s _

Values

1) Interaction, Communication, Collaboration, Decision Making, and so on
Source: Authors’ analysis based on Christensen and Overdorf (2000), W heelwright and Clark (1992), and Schilling(2012)

Fig. 2 Organization design for biomimicry innovation
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Table 3 Tools in biomimicry-based new product development process steps

Step Tools (example)

= LP (life’s principles): Providing design patterns for existing organisms

1. Problem definition | = KLP (KARIM’s version of LP): KARIM (knolwedge acceration and responsible
and analysis innovation meta network): Developed by Europe based on LP. More explanations on

questions, benefits, and biological/technical examples for each design pattern than LP

= [P (inventive principles): Consisting of 40 invention and design principles that can
solve defined problems

= BIOPS (biology inspired problem solving): Serving as a dictionary that starts from a
technical problem and connects it to a biological structure

2. Biological reframing

= AskNature: Web-based search engine for natural phenomena to support design ideas

3. Discovery and and applications
selection of = 4-box & T-chart: Tool to analyze and evaluate problems, defined in four dimensions,
biological models i.e., operating environment, function, technical specifications, and performance criteria,

in terms of biological characteristics

= DANE (design analogy to nature engine): SBF (structure-behavior-function): Copyright
database for model-based functional design

= SaPPhIRE (state change, action, part, phenomenon, input, organ and effect model)
- Explains the structure and functional information of natural and technological

4. Abstraction of
design principle

extraction . .
systems based on causal relationships
- Characterized by emphasizing functions from a physical perspective
= JP (inventive principles): Consisting of 40 invention and design principles that can
5. Design principle solve defined problems
application = BioCards: Formal descriptions of biological phenomena and their underlying

functional principles, used as communication tool among design engineers

6. Implementation and | » Cutomized evaluation tools for design under the context of initial setting
evaluation corresponding to the operation

Source: authors’ analysis based on Appio et al.”® Fayemi et al.*” Qureshi,”” and Rovalo et al.®"

7] wEolth® oo ¥t Adw
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Abstract: The demand for innovative teaching and learning methods in engineering education keeps escalating
as a result of the dissemination of EduTech, especially after the COVID-19 pandemic. In this paper, we
propose and analyze an innovative engineering education exercise that incorporates the such engineering
education paradigm, focusing on the numerical analysis course in the department of mechanical engineering.
Specifically, we present the course design that comprises flipped learning and problem-based learning, and
analyze the implications of three years' course operation. The results suggest that the proposed education
methods can improve learners' metacognition, satisfaction and achievement levels.
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* Pre-course assessment and feedback

Pre-Class » Full lecture materials and video lectures are
Video dispatched prior to class.

Lecture * Online platform is used for Q&A sessions.

In-Class * Review of online lectures, covering key
Lecture concepts of the lecture.

Review » Active participation is encouraged.

In-Class » Basic coding practice related to the theory
Coding covered by video lecture is given.

» Full code is provided during the class.

Practice

In-Class « Each student is given a coding problem, which
Problem is an advanced version of the practice above.
Solving Task + Students may leave class after finishing task.

Post-Class + Video lecture review is encouraged.

Extended » Three to four self-structured problem-solving
Learning projects are given during the semester.

* Mid-term/Final assessment and feedback

Fig. 1 Teaching and learning model incorporating the flipped learning and the problem-based learning methods
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Table 1 Weekly learning contents and tasks in the proposed numerical analysis course
Learning contents .
Week . . Basic tasks Advanced tasks
(flipped learning)
Introduction to . . Drawing line and scatter plots
i . Drawing line and scatter plots . .
1 numerical analysis, using simple dataset for trigonometric and
basic MATLAB practice g P exponential functions
Calculating absolute and Calculating absolute and
2 Error analysis relative truncation errors using relative truncation errors of
few Taylor terms generalized Taylor series
Closed methods for solving Implemen?i?g bisection and Implemen?ing closeq methods
3 . false position methods for for trigonometric and
one-variable problems . . . .
polynomial functions exponential functions
. Impl ting Newton-Raph C i ffici f
Open methods for solving mplementing Newton ap son omparing efficiency o
4 i method for a polynomial Newton-Raphson and
one-variable problems . o .
function fixed-point iteration methods
. . Vari thods f .
Matrix analysis and . arious I,ne 0cs (')r Implementing LU
5 review of linear algebra implementing. Gaussian decomposition using MATLAB
8 elimination using MATLAB P &
Numerical methods for Implementation of Jacobi and Implementation of Jacobi and
6 . . Gauss-Seidel methods for Gauss-Seidel methods for
solving matrix problems . . . .
solving a 3X3 matrix problem | solving larger matrix problems
. Impl tati f i
Numerical methods for fplemen algn OF successive N/A
7 . . over-relaxation method for . .
solving matrix problems . . (Mid-term course review)
solving a matrix problem
8 Mid-term examination
Lagrange and Derivation and implementation
9 Interpolation spline interpolation of higher-order Lagrange
using given dataset interpolation
. . Polynomial and non-linear
. Linear least-squares regression .
10 Regression . . least-squares regression
using given dataset . .
using given dataset
First-order numerical Second-order numerical
11 Numerical differentiation differentiation of simple differentiation of higher-order
polynomial function polynomial functions
Implementing midpoint rule Implementing Simpson’s
12 Numerical integration and trapezoidal rule for 1 /3 and 3 / 8 methods
numerical integration for numerical integration
. . Impl ting fi d Impl ting R -Kutt
Numerical methods for solving mpletnenting orwar. fapiementig unge': e
13 . . . . Euler method for solving method for solving
ordinary differential equations . L
an initial value problem an initial value problem
Special lecture in Ba.sic machin.e learning pra.ctice N/A
14 (signal and image processing)

numerical analysis

using MATLAB

(final-term course review)

15

Final examination
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Table 2 Topics and examples of the self-designed projects
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Project . . .
Project topics Projects proposed by learners (example)
number
. ® Finding the temperature in a room
Comparison of closed and i
. . (transient heat transfer problem)
1 open numerical methods for solving o ] )
) ) i ® Finding landing point of a cannon ball
practical engineering problems )
(trajectory formula)
Adjustment of successive over-relaxation L . . )
. ® Estimating deflection of a bridge with a
2 method for fast solving of . i
. . ) few elements (solid mechanics problem)
practical engineering problems
) ) ) ) ® Integration of trigonometric functions
Comparison of numerical integration methods i . L
3 ) ) i i ® Integration of exponential and logarithmic
for solving self-designed nonlinear functions functi
nctions

Table 3 Survey of the present course in 2022 and 2023: number of learners taken the course was 54 (2022)
and 81 (2023), while 53 (2022) and 78 (2023) students answered the survey (see Table 4)

Average Average
Average
. score score
Questions score
(present (college of . .
) ) (university)
study) engineering)
. . 9.06 (2022)
1 The course was systematically designed
8.97 (2023)
) The essential contents of 9.13 (2022)
the course were clearly explained 8.97 (2023)
3 The lecturer was aware of 8.94 (2022)
the learners’ level of understanding 8.87 (2023)
4 The lecturer sincerely consulted about 9.13 (2022)
exams, homework, and other questions 8.95 (2023)
s Information about the course could be 9.13 (2022)
clearly understood from the course plan 8.95 (2023)
9.06 (2022)
6 Homework helped me understand the lectures
8.95 (2023)
7 Knowledge about the course was improved 9.06 (2022)
from the lectures 8.92 (2023)
. . 9.06 (2022)
8 I was satisfied with the lectures
8.90 (2023)
9 Terms, concepts, and 9.06 (2022)
principles were clearly taught 8.92 (2023)
10 Lecture materials were well provided 9.13 (2022)
via online and offline platforms 8.95 (2023)
Score sum (2022) 90.75 87.91 87.51
Score sum (2023) 89.36 88.85 88.71
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Fig. 2 True and predicted scores of mid-term (left column) and final (right column) exams during 2021 -
2023 numerical analysis course which used the course design of the present study. Blue lines are the
linear regression and grey dashed lines indicate true guesses (x = y)
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Table 4 Number of students and classes in 2021 - 2024 numerical analysis lecture

2021 spring 2022 spring 2023 spring (onzgooziigsrl):cl:ﬁre)
Number of students 83 54 78 83
Number of classes 1 2 2 2
Students per class 83 27 39 41.5
Mode of lecture Online Flipped learning Flipped learning Flipped learning
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A Study on Automatic Generation of CPR Compression Motion
Using a Cam Mechanism
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Key Words: Cardiopulmonary Resuscitation(CPR, 4]#| 24)), Cam Mechanism(%} ™7 U <), Roller Follower
(Y F54), Jamming(A%), 3-4-5 Polynonnal Cam Profile(3-4-5%} t}&t2] 70 =23},
Cycloidal Cam Profile(A}o]EZ20o]= 7 X 231¢), Cycle Per Minute(CPM), Jerk(# =), Wear
("}FE) Pitch Curve(¥] %] A H), Sudden Cardiac Arrest(SCA, =44 A])

25 gFEe AdaTs daE Ao E Fedt o] W2 Hie] ooy T& Faw )
of AFe] FAE S7HN7IA HAAE AsA7IH, AHA2A7] 73 FARS HES STHAIGE
S-S A o Aol s, A AAUSES A8 AT AAS At A dAYS
& ARESh stekziolel tekETel A S wAvh A MAUS AR Al A S5, VMR, A
A5 Fole= A 2HE g AAE AP I A ZEIAE FolAM Afo]ERolE A T=
WA}t 3-4-52F A U RS Adetglon ERk vl FA R £ e A Zeadd BE F
A e e A E e Adigko] 30° & e S Qs I YA Aol
WA Fae Gttt A SHelM Ale]ZRo|E A ZRykQlo] 3-4-52F thA A ZRIpE
oo frEsits Aow ddE .

Abstract: Most CPR devices operate on a piston mechanism, which, however, comes with drawbacks such as
the need for a separate actuator, increasing the weight, causing inconveniences and elevating maintenance
costs. This study, proposes the use of a cam mechanism in CPR devices. The main focus is on enhancing
the accuracy of compression depth and compression frequency while mitigating the velocity, acceleration and
jerk associated with a cam mechanism. Cycloidal and 3-4-5 Polynomial Cam Profiles were synthesized and
compared. It is observed that for both cam profiles the pressure angle does not exceed an absolute value of
30 degrees and the undercut does not occur. In the aspect of jerk, it was shown that a cycloidal cam profile
is more advantageous than a 3-4-5 polynomial cam profile.

1. M &
F4 A A (SCA: sudden cardiac arrest)= A2 7|50 A7 To=o S HFst= Ao}
AAAA B AL AFAREE AldEd S W AEES 11.9%2 A PshA] ks o A& 4.9%
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Fig. 1 Cam mechanism design parameters
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friction force: pN; A Ns: normal force by follower guide
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friction force: uM
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h
y
Fig. 2 Free body diagram of the roller follower for static analysis
: L
N, = F,sing(1+ 7 2)
4
11 .
N, = TFnsmgb 3)
9

A elA, G g7 Fh ol 2AhES O ATk B9, 4, & F,2 A48 Fo9 &
ade & g vk A FE Aol e THsh] Al FE ol sASE B Thol=olA Al
Gam)o] LA R frofstolof vk wF A A glo] A Theel FE AMSHE FEE A
B35, 45 SN KW G} BEARSE W B34S A9 BEARAAE e AL
2RO

2.5 =zt

Fig. 1208 27t 8 §528 5 9rho

day _
_ do
¢=tan ' —— “)
1/rf,—ez—f-y(ﬁ)

A @E nEsHE, ded 22 2ES =5 7 vk T oD W, F dy/do>0dH, &2
A ool FAZ A3 =09 Wuk FYZ g FETS F F Yy oFo] LT B Fi FH
olfreltt. Fs Aol st W, & dy/do< 0L, LEA o EARE A3 FHZ ¢= STakel AR
I Y SEY. A ow, FEE0] AT wort el BT Thsido] mokAH, A Al
oA Audoz AYel WA A5 FhO BE AU HE 5w FAL ¢, & 30°2 FHATY

3. A =20t 2HA(synthesis) Of Al

Bel mFser AAAAE AW A FESok s ot dol L Gt 358 nEdtel, 1, L, 0,2

AAstar, A9 (undercut) A E Al T2 =2 WA S o Zo] AAso =gk ALE HeFs)

o
EEE Y PEREEIRE B8

i) Radius of the base circle 7, =50 [mm]

i

ii) Radius of the follower roller », =10 [mm]

iii) Constant cam angular velocity : w,_4r rad/s =720 deg/s
iv) Lift : L=50 [mm]

v) Offset : e=0 [mm)
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Cam Profile for small Roller q ¥

Cam Profile for large Roller

Pitch Curve o T

Fig. 3 Formation of an undercut for the case of a large roller diameter
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Fig. 8 Basic performance of cycloidal cam profile
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Table 1 Comparison between 3-4-5 polynomial cam profile and cycloidal cam profile

Maximum velocity Maximum acceleration Maximum jerk
3-4-5 Polynomial cam profile 375 [mm/ s] 4,614 [mm/s?] 1.92 % 10° [mm/s*]
Cycloidal cam profile 400 [mm/s] 5,026 [mm/s?] 1.26 x 10° [mm/s*]
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Fig. 10 Results for a cycloidal cam profile
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Fig. 12 A possible design of a cam mechanism Fig. 13 Cross section of a cam mechanism
proposed to be used in a CPR device in a CPR device
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Appendix Matlab code for producing Fig. 8 ~ 11

% This Matlab code requires the Symbolic Math Toolbox
% for its execution.

format compact

clear all, close all, clc

syms theta

sympref('HeavisideAtOrigin',1);

% rb is the radius of the base circle.

rb = 50;

rf = 10; % radius of the roller

% rp is the radius of the prime circle.

rp = rb + rf;

w0 = 720; % constant angular velocity in degrees/s
% cam angle "theta" is in radians.

% When plotting, theta will be converted to degrees.
% Cycloidal rise;

L1 = 50; betal = pi;
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y1(theta) = L1=#( theta/betal — 1/(2#%pi)*sin(2*pi*theta/betal) );

% Cycloidal fall in [pi, 2#pi]

L5 = —L1; % Negative sign indicates fall.

betab = pi;

y5(theta) = L1 + L5*( (theta—pi)/betad — ...

1/(2#pi)*sin(2*pi*(theta—pi)/betad) );

y = yl*(heaviside(theta) —heaviside(theta—pi)) + ...
y5*(heaviside(theta—pi) —heaviside(theta—2#pi));

% Plotting y(theta)

figure()

subplot(4,1,1), hold on, grid on, box on

% When plotting, y is stretcehd by (180/pi) for degree's representation.

fplot(y(theta/(180/pi)), [0, 360], 'b', "LineWidth", 1.2)

axis([0, 360, 0, L1])

ylabel('y [mm]','fontsize’, 12)

title('< y(\theta) >', 'fontsize', 12)

% Plotting v = dy/dt

% The unit is in (mm/s)

subplot(4,1,2), hold on, grid on, box on

y_d(theta) = diff(y, theta);

fplot(y_d(theta/(180/pi))*(pi/180)*w0, [0 3601, 'b', ...
"LineWidth", 1.2)

axis([0, 360, —400, 400])

ylabel('v [mm/s]', 'fontsize', 12)

title('< v(\theta) >', 'fontsize', 12)

% Plotting acceleration

% The unit is in (mm/s ™ 2)

subplot(4,1,3), hold on, grid on, box on

y_dd(theta) = diff(y_d, theta);

fplot(y_dd(theta/(180/pi))*(pi/180) "~ 2+w0 "~ 2, [0 3601, 'b', ...

"LineWidth", 1.2)

axis([0, 360, —6000, 6000])

% xlabel('cam angle \theta in degrees')

ylabel('a [mm/s ™ 2]', 'fontsize', 12)

title('< a(\theta) >', 'fontsize', 12)

% Plotting jerk

% The unit is in (mm/s " 3)

subplot(4,1,4), hold on, grid on, box on

y_ddd(theta) = diff(y_dd, theta);

fplot(y_ddd(theta/(180/pi))*(pi/180) ~ 3*w0 ™3, [0 360], 'b', ...
"LineWidth", 1.2)

axis([0, 360, —200000, 200000])

xlabel('cam angle \theta in degrees', 'fontsize', 12)

ylabel('jerk [mm/s ™ 3]', 'fontsize', 12)
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title('< jerk(\theta) >', 'fontsize', 12)

% Plot the pressure angle.

figure(), hold on, grid on, box on

psi(theta) = atan2(y_d, rp+y);

fplot(psi(theta/(180/pi))*(180/pi), [0 3601, 'b', "LineWidth", 1.2)

xlabel('cam angle \theta in degrees')

ylabel('deg')

title('< Pressure angle >', 'fontsize', 12)

axis([0, 360, —30, 30])

% Plot the pitch curve

figure(), hold on, grid on, box on, axis equal

R = rpty;

xp = R*cos(theta);

yp = Rxsin(theta);

fplot(xp, yp, [0, 2*pil, 'b', "LineWidth", 2.0)

% Plot the cam profile

A = rf / sqrt(R" 2+diff(R) "~ 2);

xc = xp + Ax(—=diff(yp));

ye = yp + A=(diff(xp));

fplot(xc, yc, [0, 2#pil, 'r', "LineWidth", 2.0)

% The radius of the the prime circle and the base circle

fplot(rp*cosd(theta), rp*sind(theta), [0 3601, 'g', "LineWidth", 2.0)

fplot(rb*cosd(theta), rb*sind(theta), [0 360], 'k', "LineWidth", 2.0)

title('< Cam Profile, Pitch Curve, Prime circle, Base circle >', ...
'fontsize', 14)

xlabel('x [mm]', 'fontsize', 12), ylabel('y [mm]', 'fontsize', 12)

legend('Pitch Curve', 'Cam Profile', 'Prime Circle', 'Base Circle")
% Radius of curvature of pitch curve
r=1mp +y

rho = (r " 2+diff(r) ~2) ~ 1.5 /(r ™ 2+2+diff(r) ™ 2—r=diff(r,theta, 2))

figure(), hold on, grid on, box on

fplot(abs(rho(theta/(180/pi))), [0, 3601, 'b', "LineWidth", 1.2)
plot([0 360], [10 10], 'LineStyle', '=.", 'Color', [0.25 0.25 0.25], ...
'LineWidth', 1.5)

xlabel('cam angle \theta in degrees')

ylabel('[mm]")

axis([0, 360, 0, 120])

gtext('roller radius = 10 [mm]', "LineWidth", 2.0)

% Pick the location to put the text in.

title("Magnitude of the Radius of Curvature of the Pitch Curve', ...
'fontsize', 14)
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