Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2023.24.7.501

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 24, No. 7 pp. 501-508, 2023

Aol HAYUS AE 9 AAA o ot A+

|
’ a |
SHESIYWE IS HYICT-DLE|NTE, 2SR J|AMANDE Y, *SHHSD 714 2238

Study on Mechanism Development
and Position Control of Sail buoy

Dong-Woo Man', Yu Gyeom Kim? Chang Joo Shin', O-Soon Kwon', Hyun-Sik Kim®
"Maritime ICT & Mobility Research Department, Korea Institute of Ocean Science and Technology
2Department of Mechanical System Engineering, Tongmyong University
SDepartment of Mechanical and Robotic Engineering, Tongmyong University

2 % o= 3% loT(nternet of Things)E @] loMT(Internet of Maritime Things)2= ©oi7l 8 A=
2 oo itk oheFst Aol kst Qitt. olof] wheh 1 =skE ARE 435t7] 3t YRR 9 V)& AHY 2R
3ol TR Atol gt 8k FUlek Sl Aol S A dA AF AEote FRE A FX0] 7}
sto] ufH PHXE Sfoksts HARZO] EAgT. T3, dXolA FYsk= ROV(Remotely Operated Vehicle),
AUV(Autonomous Underwater Vehicle) 59 7135 94&& & 3foll= B Qof wa} Zo] Z&ojof F&o| oA
A9k AA F2& 512 ZofiA AUV ST dA Zujo] Aoz gk F7F Bt o|de ZAE A
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Abstract Recently, various interests in the ocean have been increasing, and the Internet of Maritime
Things (IoMT) has emerged from the Internet of Things (IoT). Accordingly, the demand for research
related to the robotization of marine equipment to perform advanced missions is also increasing. Buoys
are frequently used at offshore construction sites and are not self-propelled, so it is inconvenient to have
to reinstall them every time they are needed. In addition, they often serve as a base station for
autonomous underwater vehicles (AUVs). However, since they cannot propel themselves, they are
dragged around by equipment. Therefore, they act as a drag force on equipment. In order to solve these
problems, this paper proposes a hybrid-type sail buoy mechanism capable of sailing using wind power
and electric propulsion. To verify the proposed system, position control was performed in a water tank,

and the experimental results proved the effectiveness of the proposed system.
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o= loT(Internet of Things)oll thet =871 &
ol 1L el ToTell et =871 F7IstHA], [oMT
(Internet of Maritime Things)gH= ©@ol7} A= A
T2 o F Aol Tt w2 A7 AP UeH1-3].
olof we} ARGAN: 7|EET 1kdtE AFRE Q5=
7357 gotlen, 1xstE ARE =Pty st
FERE 9 7]E A9 2R3} gt 87k Zo] F
=1l Sl APgoltH4-6l.

SOkl Al AH] 7} Wol AREE= @] s 1A
AR, s Ad BN 7P fEHog gol A
L5 A87t fiolth. R ool thefstA A
=32 Sl=dl, s A @olAle 3A R S 94

B 9@ FE Bote] AlIHoR geSeo] Auto]
o 4 JEE dEiFe 9T FTHTL

Htoll= o A T tiofobA RIS K1Y=
M4 ROV(Remotely Operated Vehicle), AUV
(Autonomous Underwater Vehicle)& &o] AR&stal
UL, AUVE] W 7[R =08 BRHE AMESH= A=
Worseh. solM sske AUV B4 GPS
(Global Positioning System)”} s~410] Qt=] 3l ofof u}
2t = (dead reckoning)& ARESHA El=t, °l=
A&Hog A A7t 4 EA7F Qltt. ol=gt
SAIE 2] ot GPS ¥ &4l 7IA=HoE B
£ AREshe A7 A= SITHSI.

SRR, @AY7IA] ARE-S] R A F=1Z
SHx] Brof7] wi&oll AUV AolER AZE oA AUV
9] 31 ARIE= FHE FHH F-97F gt ol
S AAHR AlolE 9 BE7F AUV Flor 8ot
A =HHA B 2L 517] A% AUVE] F8o] A4l
Aok of= EAIZE itk ol FE AldHFol(Sail
buoy)oll thet A7} Lf=ofl A 2ol = A7} et
71& A7E AHEY FHS ARk AYE ol&sto
M AT AbS 54 FES} vt 932 T S5 9
o= Z0]30AL /XA (position control)7t FA] gobA]
SAE @A ARGl offgo] EAFITHO-111.
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Fig. 1. (a) Standard buoy for construction, (b) Non-
standard buoy for AUV for GPS reception
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Fig. 2. Ship type buoy
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Fig. 3. Mechanism of Sail buoy(prototype)
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Table 1. Specification of Sail buoy(prototype)
Spec. Value
Weight Weight (on air) ke 2.0
Payload kg 1.5
Length over all (L) cm 50
Moulded breadth (B) cm 26.5
Size
Depth (D) cm 16.3
Height (H) cm 112.6
Speed Downwind m/s 0.24
(Gentle | Crosswind m/s 0.39
breeze) Upwind m/s 0.44
Speed | Electric m/s 0.3
3. Hl0j7] &A
AdRols AYAA AdS XFsI7] wiizol
GPS AFgo] of2gih WekH A Z24E gatel 7]

ZE AXEiA HEEe] FuFE e o8t AL
2 AY Z9E AYStAt. oS Fig. 4= A Late
Z SEToltt. WA, AHRS(Attitude and Heading
Reference System)& °©]-&35t0] W3k heading)S Ao}
3t o JAHE FFAX NN @A A 4} g ]
|5to] AolstFct. AMEH AHRSE Z 3% Ao|2AF
I 7%, AR AAE §86te] AAE wdsks Al

AR B E=FolAE W Aolg skl gl

Robot setting
T
control

Fig. 4. Flow chart of control algorithm
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AXAHEZ(PA : Position Accuracy)E &RIgH}t. Eq.

(1)2 DRMS(Distance Root Mean Squared)®4<
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g5k 9loH, GPS A5 Eelo A5 AR EE W4
oltH15]. GPS 4% BHele 913t 412 Thg Table 29}

Zro] DRMS, 2DRMS, CEP(Circular Error Probability)
5ol A=t Z AolA o,, 0,& x, vy EEHAOIH,
HEHAE Boto] ALRSHA Holqleh TEiA A
o] o 95%E =3IotA Hrt. AR £ =EolA=
Eq. (2)9] 2FdAolA AdRol7t 2570 9fsf L
@ AS WHsH] ot 100%E ZFE = UES
3= ARSI

Table 2. Position accuracy measures

Accuracy —

Measure Formula Probability
DRMS m 65%
2DRMS 9 m 95%
CEP 0.620, + 0.560, 50%

= \/(1’1 —z,)" +(y,—y, ) 1)

PA:max(T‘i)
Where, x;, y; denote the position of Sail buoy

and 7; denotes the radius of PA when i-sampling

time, PA, denotes PA of max.

E3 YA (reference position)?] z,., y,.ol A3l
XA Y] A5A e} AT PATREALS Eq. (D)2}
o] FojEl=d], ol AlYFolo o A A=
oulgitt, o714 z;, v, -4 ME AT AlY
Folo] 97| gholaL, r= i-¥A MEY AIZA AlY
Fol9] otk max(= S ok <ol
9l Eq. (DoflA 27 ofet AldFole] 43S Wi
3 2= 9lig], o]t UuldoE By} WAshE 220
o w w7 deuEA YRR sl TAsict
= AollA ZRbelgiet. wetbA Eq. (2)2F o] A=,

bl
z

71 W rEeE AXA S 270 ofste] DT
I Rl
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Where, z;, y; denote the position of Sail buoy

r< o —2,) + @y, —y,

when i-sampling time, z,, vy, denotes the

position of goal rdenotes reference radius.
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PD-ControllerolA x, y &2 PD,, PD, g =
&5} Distributor® 53| Fig. 6o|l4] REol= A} &
o] 49 371 py, Py, p3, pyol Ao FZ AT
ot E2F, Observerze fIAAlOolM = A4 GPS &
o= Fo 7iv|ete] JARHE ARSI QT

Fig. 5 (b= HAA 0] Al AREE= WAoot
E2X%olt}, Observer2: AHRSE 0]85to] A
£ ot Atk ¢, & B Aggiold, 0,+= 573
folct. o] 9] @AFE PDA7|9] Yoz
AR5ty PD,E &3} o|F Distributorg 595+
M, Mg EZE5to] 41710 dFo g AREgTh M2
Fig. 3 09 p,, p,E 7S, M= Fig. 3 0 p,.

= 9ujgith. Aloje] WOl flsto] T AERE A5t

)

|

o1

T

4 &
A
T
=

e
E“ 1



Aol WAUZ AL @ Al B AF

of Aol Sheirt.  =FelAE AdRolo] it
Aol & AAAoloA BRI YA el Tefek
oIk, ALYS B3 W Aolet BN 7|E A
of Wpale mEa grigl

4. 48 Y 28
Fig. 72 Aggolw AF9] HolE foto] A A
3 $£ZE5 o]8dlon, GPS HgoZ JE AR
SFATE F4AE= RGBE o850 WS J-Eo}o]
FASMEE ot G Y perspective
transform)2 XdYslo] R A5}t
Camera
(Instead of GPS)
\ Sail buoy /
Experimental
@ 3.66m

Fig. 7. Experimental environment

8219l Eq. ()9 #HE r2 99 vhgog AHF
O 1002 A% & 277t e A, s R0
oA ZH7F WIS A9, Al GrFolA] 45° R4
ZR7F AT A9-9] 37HA] AUE|E TR Al
e A oget A2 vt gt

1 ZAIE0 JolA et 94 X, Y A HHE=
(320, 240)°|H HIE ZF2 F Ipixcel2 lem’l HEE
7R At A Zdiks 37HA9 AlvE e E
IE AB/H o & Hlud 4= =S XF2 70-135, Y5
2 20-659] FFo& YehUth. & AX= (97, 42)
OM’ ‘ﬂaﬂoﬂlﬂh Tlo|ol2E HA|= ERA| oW, 2
Aol BEY 5o, AML PATH
‘%J_O]U{ A2 w4 I oot

Fig. 89 A5 A EH PAE 7cme] ¥HEE 714
w, WEAT A Bk 22 AE L S Stk o] A

o

S0l gjzto] it ARolA SIX|ACI} 2 SEgle.
o, 2R 942 3408 2PN A B % Atk

505

 Reference position
© Position

PA
30 b

60

70 80 100 130

X [cm]

Fig. 8. Performance of position control
(no disturbance)

Th2 Fig. 9% A= W3Rl 0°014] 2771 HAISH 4
Sojct. o] & Auto] Wol Exgt FHOF Hopx
(70, 65) WFgollA 2F7F WS AoE AT & 9l
o} 2579 §FoZ ro| ¥ wro 2 dHyA|v 2F7t

AHoA EolewA HEo] wIgEA o] glo] YA|AolTt
SAstolA FA dEuA] g2 A0& HojXoh PAE
1lcmel™ rREth 1ecm9 X5 7HA& ZO0F HopA
A A g2 AL & 4 Aok E3L B3R 9] &
= o] wo] Y= o|ql= ALE Kok XA o7}
Z P9 AL 4 5 Aok

o A=

20

30 o

Y [cm]

70 80 100 130

X [cm]

110 120

Fig. 9. Performance of position control
(0° disturbance)

33 73

3f

o

g,

Fig. 102 45° ®3ollA 277} 24 2t
2 9o] IFZo] Q2F] YA Bx Ho
A (70, 45)9] ®3FollA 2771 B4 A Ak,
S0l A BAYe 270 JFoz <Iste] Fig. 8, 9] H]
sto] 34 e A & 5 Atk ol F /A olf =
£ 5 el A HAEE Yoyt SHoe R dad

y-Kel
o T

NE A

mIo

-

o}

AL
A= =2

+

& ugF Alols AYsty YA olS HFstHA U
W Aot} & WARE A4t Fejo] Adio]e] E44F
SHOA 2 ZFo| A ¥HSh= Zolth A A
PAE 16.8cmQ] 4L 71|, 2271 92 790 1]
3o 11.8cm7t AR AL & 4 9ok



HEREE

225

3l =74 A24d ATE,

2023

¢ Reference position
° Position

PA
er

100 110

X[em]

Fig. 10. Performance of position control
(45° disturbance)

Table 32 A9 2HE Heshs2

e FA A

5

=1

Folc}. AY 4

Z30] XA 0] A5 (17-1917 vlwstgch HA Al
2004 A 0.2cm BEO QA4S 7HA|H, AHLE B
oz vl

1o
%OE

M e 2

Bato] slze] gdpoh Wt gIXAo]
A g

Table 3. Experimental results
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No 0° 45°
disturbance disturbance disturbance
Scenario Sail Sail Sail
ai ai ai
SBR buoy SBR buoy SBR buoy
Heading
initial 0.0° 0.0° 0.0° 0.0° 0.0° 0.0°
value
Heading
change X X X X 45° 45°
value
Disturbance X X O O O O
PA 7.1 7 10.8cm 1 166 16.8 cm
cm cm cm cm
r 10.0 cm
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