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Abstract

Recent extreme weather events and natural disasters are causing rapid aging of
the ancient structures with cultural value. It has threatened the safety and
management. The construction design documents are not kept for such long time.
Even if they are, they seem to be mismatched with the design structures due to
corrosive effects. For these reasons, Korea has been facing difficulties in
maintenance, reengineering and safety evaluation.

In this study, three dimensional point cloud surface of bobsleigh is obtained
using 3D LiDAR scanner. The obtained structure is compared with the original
design and found to be highly accurate. The study shows the application of reverse
engineering technique and its potential use for other civil structures.

NUE : el 2o, YA, Egseod

Keywords : 3D Scanner, Reverse Engineering, Total Station

1. ME A Sl e&S #3 dtt(ntae Yang, 2014).
mebd A TxEY d AHE oA AAxd
AT 2AXNY =gidu Q= sted FAS o2 w=EE 944 (Reverse Engineering) 719 ]
Vol A s AAd ATEH =FTE F2E A vk GAAY dA FxRE AHE 5
o e ARSHA wet AAHQ pdpp SO OAERE swew wA FEdte] w
B os AAolt)h wa TAA U Aol T st AL ovlsty o] &7|Hel ube} 372]'%_ A 2
A Aokoz Qe sE pxEY AAA D alw dolx =AY, EdadelAd, A ARRISE7]
de) o] Alg7l =7bska Qo) W SoR 7EE 5 vkBitelli, 2004). A I
e A AFE FEEe AAWge a9 G BHAS v1ed clEse] wera
NA BEGR SAY w=IEz s TE Wy, o Wy & #=, 715 FE @ BT A 7]
PR T2EY FOR 7] AAWEH gxs  SNEE DEAAW 34U Aducly A
2 Q= ALt wol AHs} AT L AA =9 EYoR F2 At ¢t =& xS 3%
A ARAEE A5 & 5 ds v ol 7 x
E 7lEets ARE 44 A5 & JA HEA
* Zddistn EEEstId wg, kAl wal TXEEY] #HEd B 840 didEa Aok
A A} AdAE 7, YA, FETH EoklA s Bol
s A st tfeh EE-Eha uhabirg AP oyt ERFordas g HE 59
sk Ao St o3t EER3 et AuAbE g AT 9 fA#E o] AgH oz AL 9]

,47,



AN G TGN 5] ) el 7
o

=
& g, A &

= ARt (el AF 5, 2007).

2 ATl E 3ad A elA 2UE o &
sto] FEwe] FxE 334 M delHE 3
5sta, A5E doHE svter giadss 94
Astel 7|2 ewde Ags) AAEdde] Hegrs
v, Ao gR AAAA e Vx ARE
AFati=d EHo] 9k

e B SR

(optical radar)g} 3t} 28y A2 AL E = 4

& #olA Wolr] uwiEe]l #o]lA =z olt(laser
radar) %+  LiDAR(Light Detection And

Ranging) Alz=glo]e}ar ghh(QHEl, 2005).
32 A #lol A A =gl o] gk Ho| A
25 FARste] whAtE Ho|AF o] EuATHS
o2 WAL A He] F3F YA HEE AL
32 ARE FEsE FH7]Helth 3%
A A GolA AN AV AAV|EHZLE 2
o LAY, A B HE EF
FAY 2 Tl o waut= A A S
1 dlo]EztE E 5
AAHHE A&} 2
o] F59 oS ARAbE RUEE,
el Eoko A A&
T HA9 Ay F
AN ABEE 0ecmE B
+ 5, 2008).
T B E

i

o

=
Qoo

12 @ o O
[

w
>
o

.G
]
ol

o
ol
ol
X
ot
i
1
A

O
= 0

&
=
rO
29
ta
ko

1T
o,

(

ORI O G

R

[}
ol
)
>
2
o
A
o
N
e
o,
=
oy

N o
ol

|
0 o

1,000~10,000<1 &

1
o %4 &£xg HoRA Jugor Fe AT

Qoll &4 Wl 82 #354 (point-cloud)
o2 3x4% FAFTE V=23 ayn 2Ee
AdAYg FHZLe FEE 95t s e FY
mirrors AHg3te] FAEV|E FhH, A9 A
g 39 HA S-S A A E gt ®
g EAlCl FAME dolA EJES $XE A3t
= AL At FolER 7t 49 =& AR
= "Wl F83tth ol 55 F Fue &

Aoldolza 2 4 it
3349 A 4kelol A
of daE
o} 7} <)

2=

o,

=), A35d, 2018,
A

olxfzol Egdn

Fot AYE Ailste WAooz AHztE A
(triangulation ~ method)¥} Al ZFx}¥-2] (time—of
flight method)Z o]l & A= # 9]
AL ddEd EAgh & o] 7F wAlEo] Eo
2= AAE Abste] A& AAste AA
WAS ARG A (DY 29 12 Az
o AEE HoFaL
1 x pcos;@cgsa
p= ECAt’ y]: [/} cos[?smoz} ********** (1)
z psing

Laser/Receiver
Time Measurement Unit

Mirr

T 1 AIZEREERA o] 22|
A7IA pE AFelH, & Ho &, AtE Al

Btk FehaAst: A AEE x, v, 22
n3W, ot $97, g 4 7oln,

22 AHA

oA A (reverse engineering)®, 7| ¥ o7 +F
8}(engineering) ¥ W H Q) Jidow o Fs AR
A ToR Edrh dutyg oz MAAdelE st EA)
stAl ¥ AEY FA4S Ay A WHe=r &
43te] fAdste Y ARE 533 o F 7]
vro g FehA Jidely FARES FEIAUE
HA4e DALY 5, 2003). thAl Ha duby
el dAYojHd e AFS AAS I A=A
wal AES AAshe v A A= 948 AE
S 7Nt 2 HAAEHS FEEE AS wIo o
AAE weAl, Asak, @, omgu Wk ol
2 A, olydeold, CADECFIME YA o] &
o ATHA AT, 2008).
3 97w
3.1 75 E

Hol EA|stA] EAY FRE
o2 AfE dAEHS A

W 45
"ot Qi AT 3L AgAlA 2AUE o
& w9 27 48E AT

,48,



A7) e AT (G H S Y ) e A =), A35d, 2015,
AR 2AUE 018 T 2 VW

Scan Scanner Target
Object Positioning Positioning
Selection and and
Installation Installation
a2

Al, 2738k A g Jde F4s 9
3 32k #HolA 2] 9

3gA, dloly A3 Al
a Bzl $1A AA.
4974, JZxA dAE f8 832 =" GPSH
o AL

50HAl, 3zt A} #ol A AASES A St
olm ] 9 3xY AR F5.

697, GAA HR3 pointE  autocadol
exportslo] =38} 2],

o o

3.2 3AtY XAk Blo|™M A7 CfolEf X2

2 AFE ¢8 AddEa F3gs 353 3
FTEol A3 FEdo] TFE(8mX2mx2m)o
Qrs A7 daRE dgsd A2 W A
ol o] SyEold e et &4
a AR EAFl W} v BHo] Ay
sto] AFdER AAT AL

ool e 338 FAARI ASHs 96
8 ~dshe] shbe] AuAz EUste] A
2 AT 34 dold AAEFS F 3
WEE M, A0 AUEE 2AA0
AEIHe HAEAYE 1elste] Smm= ARG
t}.

a7 3 Arae

2o Ao Ag® AHlE  Topcon_sokkiaAl2]
GLS-150052 2 & ALg-stg e, AT EYO =

O:

3D Shape
Information

GPS Survey Acquire 3D | 3D CAD DB
Shape
Information
and Image
SER

ScanMaster, Cyclone 7.0, AutocadE AF&3}9it).
32k Aol A el kA dolH A S A
22 S Agsoret=t], i AFNAME F2E
FHol s dx FoEe] glo] gy
A3stz]l fla eplgas Aesdn. o= 27
Al i BBl 2ok stk W o] dARE
AgAAANA APdas&s =d ¥ ojyet A
grrt =& ot BrlAAE 7 AANA 3-
ol El7lo] FE 2 HEE Fof str] wiEel 3
2H #olA 2= BASAE AHEsA A4
sk Zlo] Fasith

Hir

LiDAR-2

Target-1

Target-2  FUTTTTTTTTTTTTTTTTITTReTeR
Bobsleigh

Structure

LiDAR-1

LiDAR=S Target-3

RN I E

3z Aol A 2 ERE HEH xQ
HolHe 7IAE 9oz 3 Al 94 it
E 7HAa Q7] Wi A= tE A A
o] dlolElet 37l HAdME Ad FEAAR
A Wgto] "gAolr), oo EZZIEH o3l
GPSZ#S At Auzxs 7HA+ 3344 4
oA dolHE dudnz WHEsATh o7]A
FFE A= TM(Transverse Mercator) 2. 2 XA 3}aL
Ard4de FHAAES AT 1 12 A5H

g% #iolh

N
o (m

|

i

H 1 GPSEEs Sal €2 EZHE zx
Point X Y z
Target1 585784.452 265083.550 108.000
Target2 585779.487 265058.405 108.022
Target3 585772.127 265065.617 108.043

_49_



S bt s R AT B ek el )
¥ 4 oH, A E

2WAEE S 20N g)dEGe] Hi A
& 183 Smm= AAAA HolEE FHEFA
olgA HEY dolHe 749 JAHSE ¥9He
2aleE HFEE AL doerz A3 (registration)
AdS Zd shvhe] AoiF AR XA Ak

Iy 5% A3 A del"gEhe 4% $ deldH
($)E vERdTE

oz 5ol "gt

A doEE >

tﬂ olE s} $7el
BegA)7b 23

ﬂﬂﬂef%

ATt ]—T—O]——

st
ﬂﬂ%ﬁﬂi%%ﬂiﬂlﬂfﬂ~é
Uy AeE Frw 2z ES oo 4
AFow AAe) AUE ANsn 4A A el
delee] §3e 132 FolA ATk B

ojmA G AL AT AF vhF 29 63
°] RGB point cloud$} "HAMZE o|HA & 53

At

ozl 6 T

33 AMA =M =Y
L& dolgoA GHA =us AAstr] 98l
ScanMasterdol A Imx1me] AWa e ZAAS A

dota FPsiAl Fdste] 4719 =H(HHLE, b
WE H AdwWn)S A4 AutoCadZ  export
sle] Zbzy 241 HWode Ay AYS AAE

19 78 ScanMaster’doll A 3

=49 dolg ol

#1357, 2015,
olatzol Edldn

2=

o,

%! 7 ScanMaster 42| | o] E

autocad®l Al point to point FJo = A3 stH
lineol 7}7} X|¢A& HolFozA & e
ze] AAEEel FAHAcE
8o qz =AY 2y F AF
e Aol

M

02 8 HE A T o (FHet
2y & MK TH(P)



B s GG 9] E e

i =), A85E, 2015,

HAY 2AUE ol g8 FRES JHA /Y

E 2 MAIEHI AMAH EHIte XU (2h2l: m)
e AA = 27hdolE oA = A} H] a1
(1) 1.500 1.503 +0.003 AHE
(2) 1.500 1.490 -0.010 AHE
(3) 1.500 1.493 -0.007 AHE
(4) 0.180 0.190 +0.010 AHE
5) 1.300 1.290 -0.010 AU
(6) 5.400 5.377 -0.023 H A =
(7 1.985 1.982 -0.003 A =
(8) 0.300 0.297 -0.003 AL PJdw e
9) 0.180 0.184 +0.004 A, JTUE
(10) 0.125 0.158 +0.033 A, FOvs
(11) 0.505 0.495 -0.010 AT, o=
(12) 0 0.031 +0.031 A, o=
(13) 1.350 1.317 -0.033 4, Jdd=
(14) 0.202 0.221 +0.019 A, JddE
(15) 0.150 0.147 -0.003 AT, JTuUE
(16) 0 0 0 A, U E
a7 0 0.030 +0.030 AL, Jdd =
(18) 0.180 0.150 -0.030 A, YdHE
BTN 0.01456 -
RMSE +0.018753 -
H# 3 947 doleet EEAHOIM FEHw (E+2l: m)
; Egzgeld #x 2ol GHEAEYE % 2t
k2
X y z X y z Ax Ay Az
A | 585779611 | 265074274 | 109.243 | 585779.622 | 265074.304 | 109.253 -0.011 -0.03 -0.01
B | 585779.360 | 265074.293 | 109.248 | 585779.377 | 265074.284 | 109.238 -0.017 0.009 0.01
C 585779.332 | 265074.331 | 109.050 | 585779.341 265074.339 109.06 -0.009 -0.008 -0.01
D 585779.428 | 265074.284 | 108.487 | 585779.442 | 265074.295 | 108.492 -0.014 -0.011 -0.005
E 585781.489 | 265073.938 | 110.363 | 585781.471 | 265073.921 | 110.365 0.018 0.017 -0.002
F | 585781455 | 265073.847 | 110518 | 585781.475 | 265073.877 | 110.527 -0.02 -0.03 -0.009
G 585781.060 | 265073.890 | 110.533 | 585781.08 265073.908 | 110.541 -0.02 -0.018 -0.008
H 585781.315 | 265074.184 | 110.059 | 585781.301 265074.166 | 110.047 0.014 0.018 0.012
1 585780.862 | 265073.942 | 108.479 | 585780.872 | 265073.963 | 108.493 -0.01 -0.021 -0.014
Byt .2k -0.00767 | -0.00822 | -0.004
RMSE 0.015301 | 0.019562 | 0.00951




) AT G (Y )& AT =),
o o oH, A &

AFAA AAE A ALLH
AAR” Z=ie|th X FH|aEA e
H AJAAEREY HAA AAEHS autocad=
gl A FH s A9k o 19 9=
S 8 Wi AAES =dolt) AW FiE
F7b AFt BEE R HoEH

£ Rl

“HEdel B9

I orlo Mz b e

[TT]

LIL]

A35¢, 2015.

2=
S,

olxfzol Egdn

S mAe FxEY BAY AHE VFEoRE
stttk ¥ 99 et E£AELS =W A4
e Vo] HiE RES AWl MEE 3
sttt AdE x49 FHe AHk 53, vk 2
3, Aos, Faun 113tod, Te JAdA =
ot Edxgoldoz HERH oo nuE
AL g8l (A)FE O7HA AAE A3t

¥ 25 AAEWY 944 =dae AgaelE
et Ad=E 5328 HY -0023m, HA&
+0.003me] AolE HI:, wE=E 2% Hu
-0.023m, 2 -0.003m#lolE HYTh HFE I

WE 1132 #H+0.033m, #HA0m AFo]& Kt
% 18%9 Wi eAE 01456m=E A EHAL
RMSE+= £0.018753m= #4 = 31t}

FE 3L AA Fel EgsdHold FHxer A4
A =wsgete] o35 veiisith Ad - 0.03m
M #Ha -0002m 2o]& H Sl Axe] RMSE

£ 1£0.01530lm Aye] RMSEE £0.019532m Az
°] RMSE+ +0.00951m= ¥4 5 i th
4 ZE

2 AFNAE 3L Aol A ~AHE o] &
3lo] W&dol F2EY 339 Mt HolHE F
53la, A5E dHolHE 7|Hoez gdES o4
Aste] 7EEHE AAE AAEHI] IS
Hla, Ao zx AMdAA Fadt Vx ARE
AFshi=d HHo] gl

QEAALEHE 339 Al A

210
ImmA =] A Y=
3Bmm7bA] Aol 7t whow Ht o = 0.01456m =
et T, RMSEE +0018753m= A4 =73
AGRE AXF Aoz EAFQ).

2. 32 AgEel A ~AvE &8
F2 7]Ee] tE SHYPET AL QdeR
Ztel da gk dole HE5Z Aot 7Hsskdnh
ARE AALA AZEHAA AT efolojnHE

B o go] ATk
2 AgE el A Mt FEskr] oj#
oA = "ol FH 50l BrMEsy] wiol
& o]&3te] F7HAQI pointg: FE
< Ak A7 Hesity Alsd

(SOl
o Ny

2w

e o e ©°

(<3}
PR
&
H

o

foo o

_52_



A7) e AT (G H S Y ) e A =), A35d, 2015,
AR 2AUE 018 T 2 VW

[ #4s, 459, Fdd, 44 LDARGES
W mPAEe RUHY, §59F

819] 2Rz F, pp.17~23, 2008.
7 4 2S5 Ea) 4
AL MRS, BRAFGN G 2
grgis] ey AE 2010, ppl7~23,

(2]

[38] elQds, 2571, AFA, “AF #HelA =Y
5 )&% AAAYAYY AH dFSHT,
oy 3F = H 8} 3] =7, pp.233~239, 2007.

[4 AHAY, KA4T, J—H] d, ol A7), “TLAAK

rj/hjr ol A2=MAE o] &g F3A AE
=A" SR F 7 H S, pp.493~496,
2003.

[5] <", ¢ SF 2" 3D  Laser
Scanning System X 147, 2005.

[6] Bitelli G., Dubbini M., Zanutta A,
“Terrestrial laser scanning and digital
photogrammetry techniques to monitor
landslide bodies”, Proceedings of ISPRS,
Istanbul, pp.12~23, Luglio, 2004.

[71 In-tae Yang, Keon Park, Moon-seung,
Shin, “a study on reverse engineering of
bobsleigh structure using terrestrial LiDAR”,
Organizing Committee of GISUP 2014
International, pp.61-69.

,53,



