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A Study on the Method for Reconstructing the Shell Plates Surface from
Shell Template Offset Drawing
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which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

In the field of shipbuilding design, the use of 3D CAD is becoming commonplace, and most of the large shipyards are conducting
3D design, However at the production site, workers are still working on 2D drawings rather than 3D models, This tendency is even
worse in small—scale shipyards and block manufacturing shops. Particularly, in a manufacturing shop that is engaged in the outsourcing
of blocks, it may not be possible to provide 3D model, However, the demand for 3D models in the production field is steadily increasing,
Therefore, it would be helpful it 3D model could be generated from a 2D drawing, In this paper, we propose a method to extract
template and unfolded surface shape information from shell template offset drawing using computer vision technology. Also a 3D
surface model was reconstructed and visualized from the extracted information, The result of this study is thought to be helpful
n the work environment where 3D model information can not be obtained,

Keywords : Shell template offset(AMx|| 2T ElZ2] =H) Shell plate fabrication(A1A] 2/Ft 7+2), Drawing recognition(=5 Q1A
Surface reconstruction(ZH 2-2)
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Mut M7 2PgollM 3Rk CADe| &g oln| 2Hs} =0 22 F MEf 2T Lot ZOISUX(T =M AS0| Yt 9
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Shell Template Offset =™

X Q47| 2ol == Aok 2o .E:.% 12 Shsht MISIM
S IENELALE O SEl ~ . 7te HzE ERIsk| =lch M AZsH Sight LineZt Right
[ Template Offset Table ] angle mark7} ol &3+ gHo|ct Right angle mark= El&3

ol Bl 502 MgIxl= SIxlol che H20lT, Sight Line
2 el Smell HEs0| Bakshi £%2 1f siiel Mo

2 olojxl= 23! Aletel glxlol chet Folct,
: L Fig. 30 Siket Qote MNEAlIN BES3l0| ol SIA
T T S A3| BofZCt 3 W BB of= Sxlol sixlsolste
BE RS x| eleh A2 ZAslol ok 11 HES0| 3] ojziuig
— , e} eix|=|x| 23 1ZolAf 100mm Hofal Yzl shalsls
wll [SurfaceWUnfoIding Plan ] 702 Ho} Bl=Zal MEolozs Imo| &4 QjTMo| MEES

et | ] g YEP 22 4 ke %2 ol 4 9ot

3
(1] 8 Top

Table. 1 Template legend term description
Term Description

Low. right angle mark. The point where the
Low. Right |Template should be perpendicular to the
shell plate when placed on the shell plate

w:%;éi | OVER SHOOT When a straight line is drawn to the normal

direction of the surface at the Low. Right
angle mark, the point that meets the top
line of the template

The position of the top of the template that
Low, RiGyy Sight Line |is connected by one straight line when the

Fig. 1 Shell template offset drawing

Up. Right

1HOI3H

HOXPINOTY template is raised to curved shell plate
Fig. 2 Template legend When pins are arranged at regular intervals
Over shoot |in template, the length of the remaining
o HSE d2 Sl Ho|E2 ZiZio| HESI8 TASHE 9| section of template
F0loll thet Y= MZeich FESnict WA Zopt ti=| Pin Number. A bar shaped material that
2ol et ZH4(Pin Distance) 22 Bi|=l= Eol JH77t . makes up the template. Assembled at
2 Ag =olg = Uct Pin No. regular intervals and related to template
= i Bo|22 BESlof nidE HEo| x|t gl 2 height variation.
=, W 20|, HIES Zo| gi2 HMIelch Ml 7ix| ol HE= Pin Height |The height of the pin placed in the template
= 718 e Al IESS Y /X0 wRlsp| #iet g Pin distant (The interval at which the pins
Z 2 =R0lMe &8s5te 2= MHEo|ct @Hent B 0| gt 300 X Pin |are placed in the template) X Pin Quantity.
2 "ESe| J1ak 22X uix|E F Jie| Huf pHE glez Q'ty Distance from the left edge of the template
A LS ci2u} 2ot BlZSlo| =2 Amo| F7|o| w2} to the position where the pin is to be placed
27| 2ol I™E T uix| 2o Lo{EOXX] e
Ch meid 28F Bof| /I%I5h= F 7Hel E Alole| 7+ gt itttk SR 7746 ‘ :
SA| THE T 712420} 22 Zhe A =3 o] Fol @M% R I . SN R
ol Eck B ol B3| IR 2220 2xiske Te| 0| R e )
2 Uz # HSE W2 XYeX| &1 =0| g2t M3t S // 7580 o | \g\
Fig. 32 Fig. 19 €% ool 9l 2ot aohmaol st et B U S— -
MSH LiBolct, F7iEMo]| V|glEl M= HESIS 8510 5 : b \
of 70| ZnE Holsp| Slat HE2 TS0 2ck 3xke T | w m‘l
EE3Io| 4 sifel x=2lE HES0P| HZo| =0l= 2o e S ‘%R | 77
Cheh Mefst MEUF Q6K oot Mst =k Wkt gtod =2 — — : ;—N =
ool Jks MMEE HESIoZ H|wEr 4= ot SIX|2H 2Kk Fig. 3 Template location information on surface unfolding
EIESIo| A7 ZiZto| HIESI2 slifel 271 Hut 22 gag 7t plan
68 CSIRABIBI=RE |56 2 13 20194 22
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oIg- 55
Pin distance: 300 mm
!___Tcmplotc_ ! Hcight_ for pin no - - - !
! ol 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17 |
! 11 372 373 365 349 326 295 259 218 172 123 !
! 21 289 300 303 300 291 277 257 234 208 179 !
! 31 216 237 251 260 264 264 260 253 244 234 !
! 41 153 183 208 228 244 257 267 276 283 283 295 !
I 51 100 140 174 205 233 258 281 303 324 346 367 !
| Template | From the left edge to | At the right edge | |
| no | sight line | up. right angle | low. right angle | over— | pin | |
| ! mark ! mark ! mark | shoot ! height | Width |
P ——— e e S e —— . PR P
! 11 1134 | 1395 | 1424 1 135 | 100 ! 2835 |
! 21 1167 | 1439 | 1452 | 199 | 159 | 2899 |
I 31 1194 1| 1481 | 1481 | 262 | 224 1 2962 |
! 41 1216 | 1522 | 1510 ! 221 295 | 3022 !
! 51 1232 1 1562 | 1538 | 81 | 3731 3081 1
Fig. 4 Example of template offset table
ru === Bl=Zz2 o E
4, =H ME F& 42 SN IE 72
HES H2= Fig. 42 20| HolZ2| gelZ =of Aot F
. [= F=1 ) — . = = o AA - T
4.1 OpenCV (Open Source Computer Vision) So| TWost MEL Alck Blo|=e| Zizlo] Bl=Zalo| tat H =
o] M=ot 5lCt Hlo|Z2| 2z, E =0|, £ HHo|ch 2F =
FHIE| H|& Lo % FZIaHET] Ol= of1 Hgl = ~ .
AR HH 7|52 220 7h 2R U= AT 20k S At sdefjlo] ME 2 Tesseract OCR(Optical Character Reader) ¢l
s x 2EEo L: SH oi7] L: . _ S S —
SH-AOICE. 71 O[S 19004t Pelofl 4=t 20008 ~g migsjol 222 DHSRICH Tesseract AT 722
=Y | H EX{ 3l X = 25 HE S ol — -
L S0f Bo| LMLt Z[Zoll= ARt H=5l0] LS RACH 2lS ui= QE A ajo|=ri2|2 ATols Eoid J|s0| M2
(Kim el al., 2013; Kim and Yu, 2017). 5/0] M=0| S SAKE(9ICH
oM HRE BT 7|52 288t ARIE 2 ot OCR QIZIS 22X} HoiS 3IKEHEE o|AISS ol £ 9l
2 Ach 7R 20l B 7 YIS ARIZ FAZOIM HESE g giEs Mot oK SN @85l TR BRIt e
S I AFSQIAl 7|50 et 200040 Zebll= FASE & ol 55 Bof 22X} QIAIS LEIRICE M AAZEIS0|
it AlRO| RIE|E HoiF= FRIE0| BAXIE & 20= of BIZal MEE o2 HElz PAE0] Ql0] FZ2HS L= A
FEo FAIIM Hol RS04 7|sS &8st 2 1 F o} 8l 7S BAGl0] 2R Yol FEsKE ARIE TAE &
S 5 o =2 FO0lct 0|9f &SI ARt Het 2t Kim and Cho (2007)0| At=xt HsmolA X} goig
TE =0|7| fist HMEl Y| Fof chst AT ES| TI3E TEED| 25l 225t skro| Al Bl oW HurE AR
1 @JEKKim and Cho, 2007). 5lof5l0] BAlg a5
ADIEE oz o] BEshe Yalme| YT HFEE v Fig. 5& BIZ3! M Blo|Zo| tist Y Exrol 5 Bx
7|l=S &5 Zulolch Hale| 4 HmEC| Cle HEE ot oM g BT 20| 2 fIXIE 7|FEez2 2T Ho|H
S0 20m 2X} godol SIX|T WeleP TR ok O ol 7+ S0iks B2 ISR B0l 2ol thell Kl X EETe)
I} e ol Jlzolct olet Tetslol Wle BIFRIE HEt  4W 2ETE 5] Ziziel Hol Yele MEH 2lasIg
P QlAlsh= M =& 7| 3 BAF 4] 7 =0l et X|% Ct £EXo=Z Ho[e YHo| QIAlE Zak= Fig. 62} 2t
Mol A7} RISH=|0 ICHShin and Kim, 2014).

OpenCV= Open Source Computer Vision Library2| 2HKI2 !
g2sp| olsf 7|=0| Ee Am |

2lo|=2242/0|cHJung and Bae,

olo} Z+te =

2lES2

Z2 dnE ol Jles

HBsks F 2a

no | 1 2 3 4 5

Height fer pin no
7 8 9

12 13 14 15 16

372 326
25
264
183 244
0 140 233

365
303
251

208
174

349
300
260
228
205

373
300
237

295
277
264
257

258

259
257
260
267
281

28 172
234 208 1
253 244
283
324

276

303

295
367

2017). AFE] vIM 2oloilM Bo| ALZ3k= 0|ZIEKBinarization),
BE2ZX| AAHMorphological operation), = HZHHough
transform) 2| 7|2 =2 M35t A0| Ho| 2 2
3HE V=g 2 s ¥ &8 JisstiEs X[t 2
=20M = OpenCVollA| ®M3sk= 2E 28510 Yoke HE

5 FEeRct

AL A

Template |
not
! mark |

From the left edge to '
up. right angle | low. right angle |
mark | mark |

At the right edge |
pin |
height |

over— |
shoot |

| p—
Wdth | e
2835 |
2809 | B
2962 | M

sight line |

1395 1
1439 1
1481 1
1216 1 1522 1
1232 1 1562 1

[ L] LA
Fig. 5 Pixel distribution chart of offset table

1624 1
1452 1

1351
199 |
2621

136 1
1167 1
196 1
16 3022 1
3081 1 BE

]

221
81|

W ‘

1
'
!
'
!
'
!

P .

[ L
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Shell Template Offset THS &-26h M| ZEH &AL 22l diHo|| 2ksh o4
Template From the lefy edgg to At fthe fight edge
np sight|line up. right dangle low. right dngle over— pin
thark mark mark shoot heght Vidth
1 1134 1395 1474 135 10C 2835
2 1167 1435 1452 199 159 g,‘J‘J
3 1G04 1451 1481 6 22 62
1 1218 1522 1510 22 295 3022
5 1232 1562 1538 81 373 3081

4.3 TN & 2 F£

i =H2 2Xfet of2f MS0| FIP7AT FEHE o|F 1 U
of g2 THoAM BIZ HQSt YHE FES= A2 UG
ATt J2iM Fig. 79| 2EE w2t EARE M2 FE5I0 =
Moz YEE FE5I%0ct

Text area detection

|

Remove text area

|

Unfolded surface outline
detection

|

Remove interior of unfolded
surface and line area

|

Template location R|eMe| HEE 2&3X| &1 OpenCVollM HSsh= 2
information detection M, 22, T3 oAl el 288 A BRI F20lM &
Fig. 7 Surface unfolding plan information extraction process OfZl Mut Zo| Y=ot FEc F2ut TH g LhFel ofz M
=1t 20| =e gle FI+ YE2 olsl st g2l F&0|
A uy o2 22X godof| ek Q1A 2 HIHE FI#SIAC Of#ct vt 7[87(2 Z0IE TKle B2 ME0| F&=
Fig. 30lA 2Xk= Mof| vlsl AthEez H2 AAMOE ZME Lottt M0k & 550| Wt M 2 ==20AM= 4
g slolst 2= Q) TH= M M50 2AF Qg 2K o FE HIM J|=nt @b xMel EEE ol8st0] g2 FE9
2 QASICE Tt ME MHeP| Ll RE=X| odtg HTE SAFICE Choi and Yoo (2014)7} & 2tg 2l4fsh|
SI%CH BEZX| A2 Lo|= HHol| o| &8st Yoz 2l &2t dHE WAool HBsIRIch & Yol Halsk=
SIA0 03042 THERIA|F| L} RIAIAF Xk odoiS FAHSEHL} I} A (Convex HuUl)2| 7|5Et EXE 0|8310 71| 9
Mol e Holg WE - Al ggolct 2 =RoliME A4 ARk & RS MEIRC, TiHel g HEE ofof FAfSH
oIAS Esll M oS MHSID O|ofA TE odAlS £3li5l0] A #eZt saol HEIL IR Q8P| iEo| HHAH
ZO0IE BAt oS =l si9ich 1 21t Fig. 81t 20| EAH Y (Convex Hul)2| 30| 7ts& 22z YZSIACt
olo| Z=E Zig solst =~ 9| HA Mo 2ME BE FEO| HHg =Hsl| sl &
ChS CHHIZ d2 THoM FESH 2XEEE HHsH0{ Fig ME F&SI 5= Hekg $sl0] 243| B2 2ME FE5¢
9ot 22 M MEDH 2 THE MASINCE o] EHE 283t 1 AME TMote M2 Eelehs HHAES FASINCE 097]
0 X7l sAlo| RUUAMES EZsic) [y siAle| STUMS =& M HHASEE 2Rfl WAl N7ie| HE 25 oM 71
sP7| 2l xl5=Mol JX|1 e EFE SESINCE RFM2 2 E5 ciiyg Xich 5, iEe| 2E YEE xekeke
M7 gAke| Zizto| Hojct S =R|Sin] O B2 HEsH Tk A2 25 ciIEE FASIICE o] AHHAYER XM 2
M7l sAle| ZAIMS Ji2)7| 1 QUCk wRiM X[GAMI} X|4M0| ol EFOZ Qlslf HIEA| (7T BRIF) X 2 7He| BXN
Dhb= XF™ol| M7 gatel BAIFO| HHEA| EXYEICH 2 7= cfzdo| Elct 2|0 B2 W Alo|e] 2F3F F9o|
70 CHIRABIS=2E] |56 2 & 15 20191 284

2[0]C]of | 1P:121.125.221.*** | Accessed 2019/07/18 13:58(KST)



il
<l
Br

00

4

K| &
=]

TR|ES el Zolet 3

{70]A Flotst 2

H o
=

o)
kb
3
H

oll
ol

__A_I

2ol =0l=

= 71 sloll ’IE

| o] 2{4of2
| Zolet fIx[ofl ThEH x| HELCZ molo| Tks

Ztz7to
=

7He2

M
I

x

t

-
Ef2 ZHHol 712 Iet of

9

{

=% A &

A=

o
2
C

10 A convex hull including surface unfolding plan

Fig.

= 2Rle) &

=]
=

2

2hod|

17§ Ho[EHE 7|8tez

M F&et ©

o},

b2

ER

2 7t3) sleke] 712 olal

b gt

[TIAI7 TF

O g

3

S
S

A 2

Gl
F(Fig. 112] AR

AlA ekt

e me 7

I
2t
T 7Hel o2 o|FoiEl F 7o 2Mo| ght= Hol

S

2t

=4

THel A7

St
=

2l

4

p]

gt H[EZ A

olofl cH

=
=

FHe

9

SR

Fig. 112 I

ACh Fig. 130lM F 7He| Me2 Z2Mel 2/2t ofefef 7710

=71 71dE do|ct

7746

5|

7642]| 7746

s7s6]

0ssz

72501 7550
5

[5613
4

L925

3
7550

Fig. 11 Corner point recognition of surface unfolding shape

Fig. 13 Recognition of template location information area
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