Joumal of the Korean Society of Civil Engineers
Vol. 35, No. 4: 961-968/ August, 2015
DOL: http://dx.doi.org/10.12652/Ksce.2015.35.4.0961

ISSN 1015-6348 (Print)
ISSN 2287-934X (Online)
www.kscejournal.or.kr

of

e

Construction Management Al

HIOHY |2 SZHaE 0188 Hd 128 FAlld 289 B2

= * O A Of** =4 A KKk *k3kkk
SAYF - R2F™ - Y™ - B

Moon, So Yeong*, Yun, Su Young**, Kim, Hyeon Seung***, Kang, Leen Seok****

Improved Method for Increasing Maintenance Efficiency of
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Marker-Less Method

ABSTRACT

As BIM has been increasingly applied to building project recently, its application to civil engineering project is also on the rise. As
construction structures have been expanded and complicated in a size and type, the information for handling maintenance process has
also increased. Thus, to actively utilize the BIM information created at the design stage, this study has been carried out to establish a
maintenance system using a marker-less based augmented reality method, by presenting a maintenance system for the construction
structures using augmented reality. A SURF algorithm is used to link the 3D objects in the design and construction phases to the
maintenance phase. The presented method in this study can increase the utilization of 3D information created at the design stage, by
offering an augmented reality technology at the maintenance stage. The method could also improve the efficiency of visual inspection
on construction structures by augmenting 3D model of a bridge structure.

Key words : Augmented Reality (AR), Maintenance, BIM, SURF algorithm

8

T BERTAL] A, A1E, frAdelE 23 BE WAl BIME 28317] 913k Aler solubal itk B3k, AAl7 &) Bt 37 4
TEE0] hYs), B33 o A3 AR GRS A AR w3 SrkshaA, BIM7IREe] fA1dEE 918 AR 882 T840 vl
FHIL QT B AFtllrs AAEA A AdE BIMARE AR SA A A= Z8s17] 98] ST L7 A8 725 A T E
S AL o] & B3l BlukA 7N SAA LS o] 83 A T2 E FARE ALEE TSR} 3 ATelMe AAIEA A A/dE 3D
2w} AFeA oA BAE BRE FRABE A AT 4= QA SURF Sa]|F 7uke] vnlA S43 A 7]&S o]8-3ko] Al3-go 24

* (F)skdololE] BIMAF®- the] (HanGillT - soyeong. moon@aroaduser.com)
** A eln EEyskyl 38kl (Gyeongsang National University - hsmoon@kict.re kr)
*x o) - At E5-E8le BAl3y (Gyeongsang National University - wjdchs2003@gmail.com)
whEk A - AR} Ao EE5F8k) 1= (Comresponding Author - Gyeongsang National University - Iskang@gnu.kr)

Received September 1, 2014/ revised April 28, 2015/ accepted May 20, 2015

Copyright © 2015 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




vlupA7NE SRS o837t

LME

1.1 g72| HiE o =X

T A8 FEE Bl tig Bado] SkshaA FAldE e
+9790] 3 FAEAL ok FARERE A, Als el Bisl
Q3 ARl HA o] o= Aor): whiel] o] A
© s AR dePt Tash, Sk R delE ESl
APdEe] Aol 1t Rde SR & Qi) FARY e
Il TR o R o] o)z FHe| 557 B2 AR

o1

3 FR Al B2 Bt WA - el oA
e Qo dh= aslo] 2 5 Stk ol BHFE EolaL

AR PEle] 28312 98 H<ol= Moon and Lim(2011)3}
Zo] BIM(Building Information Modeling)S- o]-83F §-2| 2]
50l Wo] Al=HaL Qik

SEARE F 3 ool d7els BIMZRE] Adde o
© vk BRI} 7PN e el o mnt e
=4 ) SARPe] Fefks AUAL Jlnk F o2z 7P
Aol s S5 & gl S0 (Augmented Reality, AR)7]
=o] YFHaL ck

£ Aexe A8 =Y A 284S =07 S8l
3 A, A AR} Alsial ekt R Ales E30
HAAPE wEal gake dgs e
A TR A PRES AR w1 B RE S8
S o83 I T FAEY A FEske] AT
FRA] o] A, ], B Fo] BHFRS dfaslal, Google
Awe} FAREHE IS Sl T8k Helds o
Halaz} gt} o224 SN eS ol8dte] 2R He
opdodi- AL S5 Bolepl sk e A 3D ARE
FAAHATR] HF240 2 dgahe WHES AXET

1.2 SRSet

71Ee] A GrEake A vinY, =, AAIEA
T BAFE R =M, A Y AR EL] gl 7]
of dA&AJHeNA B3 HEC] s F o, ol /Nl
S1gk tgt AEe] JPHAL Slrk Lim2011)= HAHEZRAE
Z7 AT e FAe] BRE ke fAlde Al AR
ARSI B ow HEe o Qe AR fAlde Z2A
25 78Il Kim(2013)2 RFID, BHll 7 5 g AHs
2 71 Azslel] 857 915k ek AP RAIRE] Tt
kS AAJBIETE Moon et al(2011):= 3D iy mele gk8s)
Wk TR A AR ASES Aajsle] Bad AARE
ArREe g Ak 2308 4 Al S skt skltk

M o=

£

962 Journal of the Korean Society of Civil Engineers

il

A

J
=

TEE FARE Zesh e

o0
o=

Ko(2009)= RFID7|&S o]g3le] A% 4x|H7]
a2} Tk

2 Rop TAA Ve A8 HEE Sule] Akl
thea} 2tk Kang et al(2008)2 S48 7148 o] R3le] BN
A G829 dF A} 7FsslEE sk AR-4D
CADY] 7= HPHES AA] 8l5ick Park and Choi(2005)2 71&
s ARE F o AR dfsl] 913k 1= AR vlofE]
Hlo]2o] GIAR] 7IAIs) WS ek Kim et al(2012)2
QRI=E SR 71t HE3le] 2mE tpjo]2r ik 744
213 RUEY 7S A9ketir) Schall(2009)2 #]8} AKs] 71wk
APde] @ FA), A, AR 2] SRAES Slsk S4ENs
TS} Sk

ole} Zo|] 7 fAEE] B AFES AFEY, BIM, BRI,
RFID 5] #Al 7IEEs A3 J5A1717] $g Al=rt
o] o] FoR|aL 9tk sRANE SEA 7S o83l Tk
FABE 95+ AFAQ) AR ATS 7FsEtEE sk A
AR el tigh = of] FE3E Aot 1 ok SR
283 e AolME A E SARES 1A Hopol A&
Sk 57} g, SR VIes fREE Rl 838l
2h ke AlEe o HES AS & 5 Aok

wpEpr] B ATelrlE v E S 7 -8}
A g ARt Vies skl fAdEE fIg HE
ARl ARESitt o)F B3l AAAIe] ARE S8AA 7]
o= fAHE] Ao A5 883ho 24 BIM 7uke] fA¢%
Gt FHE F e =R SeAS HE5e

skt

PN
[¢}

o

£

i
5

T,

T

;

i

TEEY fFAREE 91 a8A A
GFrdo] Theshes that 22 WHE Al=skal Slrk
A, B Aol = Google A=} @3 DB(DataBase) S
FaEPo R Ao A Ve T FAY olHx3]
SI3H MRS B} s slgink Bgk =] 3D
TextHE gl Aol AR Al A, A9 Hrse}
7 &7 A3ox] Bas Textd g 2143] A3 5 Qs

)
1

O
A

-

L R =B

=

Oft

=

=

B o3tojadi= SURF(Speeded Up Robust Features) &l
T5 L3 ATk SR A RS AN
AAEE RS B} Be= T o]H] A Target Rl 7o)
7Fss] wheel] 7S] AR S S ¢ ok =R
AAE $% v Target 2 HAAS 33 7< 2D, 3D7[9k
A HAA TR TR s o] S HAstolok
P BHFRS A A F2E HAAY A&5438 7 stk

i)



S
e PeEs o)8s 1-3— “Jato] 2771l

Ao mH, TRee] v SR w3 v v

X 59} pe wRRE Aol u} of= thyo] APt opd
Aslel) 11a 2 Frge] HAN vhAYIRE SR 2 g
Wi I8+ ok

AR, Tx=e] wAZE e uf s 9jx]e] ARt shd

SJol TAE sk TEe] 3D WA o)gRE Hokzo A
A o g g W] FUE Z7hIR S Slek

A A Aol A Uge FiE 711E B3l VIsste =,
AR JUIPlEE Fal FREAS HAslE 4 glok

ol#fel A 7k A F2E AR WHe Aol
AAE FxEe] 3DRY 2 pdo] JRE G| oA
A5 Z85ro 24 BIM 7[Rke] fAjde] 4F-E Bt gvpdo s
YT 5 Q=S gk B VIes B3l @gtIsil] BIM FRE
Aete] AR G5 79 Al A IFe] 58S =Y AR
7] dck

2. 0128 u&

2.1 SZEA

Z7AL A1gAP} 02 B B 1Y BAlE A
A HefFe slsolk

Fig. 19] 253} o] 7bg@e w7 ua%} V&J

2Jefjollr] FRE AlFshs 71&0]L, Fig. 14
2o Az 1**% HEo 2 slo] 7Pde] AAE Esﬂ %E—% ?ﬂl 55
 71ES Witk /P ddr EAEA] S JRE
taZ o] 2 AR A B3 ARAIR ol & 5 QM

e el %, Pl S g8 waE dele
AHAP} A $73S iAo Fpdel AR MAE Heizt gl
wr} AP0 wopSolzy] RAelh

oleis ZABANRS AAES 14, SN Al we

wlA(Marker) €12] HF213} ml7{g]2y(Marker-less) €12 Bl2jo 2
EHEh

Virtual Reality Augmented Reality

Fig. 1. Virtual Reality and Augmented Reality(Moon, 2014)

o

o

ot

ol
o

5
2

2.2 SURF ¢12|&
YA Foklrl=

EARE S50k 1Y 5ANE

o}t The o Wlste WS o] olaaich oloh o] 544
oA R B o] Bl gele S 0y 3

shubs A4 B 54, sheghit onjA] ‘g’\ I} 22 Eof]
o] ARg-ET O]FH‘?} °§’b}?l”“ w4 darels 5 SIFT(Scale
Invariant Feature Transform)$} SURF+= 7—“,24]4 BAE E214
SoX AAdEE SRS WEE FEste], G 27, A,

Z7, AR 52 Sdnistoll ofdk W] Fold vl e 7k
darelFolk olefd A witel ERIIA A 34, g2A
A, PR, 23 eI, B ols] e Tl okl
S&o] 7Fssith AR SIFT galglad s vEde =
sk o] wokr] Aeldert $4] etk wbddl, SURF
GarelEd 1l 3f|o] At ¥kR]7|(Fast Hessian Detector) S /\]-%
sjo] SRE wel] Wil A Q1B o) $45 AeS
7121 SIFTe} 2231 A5 7w SIFT Shtels B} 25

£ TS PR darElFoltk

= Sxjzal
ol AAEKE 20 N A4 P e
pHES Fig 29 2ok

Fig. 2= 2 7ol Ak 2404 7 44
AR WpgEe] BB 7has] LR Zlolch 244 7
A ] o) WA, ARE Sa o] Aui ofF
M2 S1415H] 913 Target welv} 27w s} wck An
57] of%, wae] A9l FHE olgsio] Wil AnE Bels
o3 ANRE E S Q14 Am|E Bl B THBE AR
40| 53 148 B4 Sl SURF Lelzg gl
AR} She S sk, o) ghe Hw o9 T
ARG ZPIT: F4E ARG BEl] TRE AHS ST
%, 87 WIS Update 71Tk, Ao 919} 28 7H4S 59
A R PES AN, oE Bel SXw e

wrh sl B8A0% ) FPsREs shag wk

3.2 SZSA7HE X2 HE MM

2 el Afehes S8R T ARk S =]
R WA, AR A AP dasi SR T ]
2 918 AR A wA BIM AR Adshe T2
o] 3D mdojt). F Wrle 3D Hdw AlE FE At

Vol.35 No4 August 2015 963



vlupA7RE S

)
op
&

Text ARo|t} o] Text W= sl T=2E2] A7 W, SRR
TEE] AR, AFEAA, AESAL S Be Al Wl e
o] oJWAIE Witk o] onAl= FaEe] 271 TAloA
AL 58 F2E9] AR = 3D 2dg 53 §53%
oln|xZ Wkt AYAJH 3D Ry} Text, X222 on|AS
7} A% 992 AR = B5ske] DB Asic) oluf, a4
DB 7 7o) A 39w gt aAldtk

g
ST

F

al
=

slod =743 = 3h517)
HE}WL e ‘iﬂ*‘:ﬁ?ﬁ & T3] 913 Target A} HA

& Sl 57 EE DBoK Eefsole HHHAE Hast
T} of7|A], Target X2 7o AXIIsPHA Hskalx}
3k Y T2ES 2B flgt 71Eo] = ow|RAEM, AR

33 TAE SiiEs G5 U oW

O|A|
A 7IRE AR

Generating information for maintenance efficiency based augmented reality

|

] - - The generated
L = information i stored
Office e
= construction project
 Structures 3D model section inked to the
during the design phase, latitude and
work Generate text information longitude.
of the structure and coordinates
Location of Structures acquisition and site recognition
:
« The site information IMPORT using ]
Sit latitude and longitude coordinates - Build equipment to recognize the EEMECRTtelimagesich]
Ite + IMPORT the site information using _real-time view of the structure SHUEAMES UL e
Google Maps - Recognition of real-time site screen checkiinithe field)
work

A 3D model matches of the structural using SURF algorithm

- Object tracking using real-time

- Object size recognition
screen and interest point of Target pisstsielecoaniicl
model

i
through the boundary

using SURF algorithm

Site construction work performed for structure check based augmented reality

.‘f“"’f = >°

- The structure's 3D model,
Text information Overlay over
the check target structure

« Inspection using text information -
and 3D model of augmented
structures on the real time screen.
- Update changes

« The Overlay an emergency
repair is needed structure to.
image map

traced at real-time display

Fig. 2. Construction Structure Maintenance Method based on
Augmented Reality

Asie

oey
+ IMPORT 1

Of formatior
g Google Moo
+ The site DB IMPORT

& o

- Build equipment to stru

recognize the real-time ched
2 4

view of the structure,
Fig. 3. Preparation Phase for Site Inspection

+ After structure IMPORT,
Real-time site screen
recognition

964 Journal of the Korean Society of Civil Engineers

ARANA Y53 TEEe] omA7h drk

Fig. 32 A 7] o, S04 7k fApiels 91 2|
S el Zofrk EHIEA|X = Google?t AAIE =2
ol Ae] A= Fraks Yl olE F9 @] DBE
BeEQITh ] YRg %ﬂiad o1, AARE shE <14
371 91 AnlE A%

7Hile} 7so] 2k HlEs] PC, wERo] e} o]F skt
sh= TREC] Target RIES i &% DBOX] Eel5o]w

FlerE ol W A4

3.4 SURF £12|52 225t 3p2Y i3
FHlElE Bl Q1A=R= Ege] ARt shelx] Target Bl
BRS04

Sk
=0

SURF %}F—ﬂzc’ 2R dFe mrew 9 é— ﬁﬂ W"} 713‘71

E A}g3Ele] EARE &3] uid] thE EAA w2 darglE
o Hl?‘fﬂ S ] A EE des 7}7%2 9Jtk Fig. 4= SURF

AARE shHelA 2]

he 7—‘1%4]3 F2sh= TPé% UrEHH% otk

A site
DB

« IMPORT images captured §fom
the initial inspection stage
 Register as a Target model

be

Target model

« Extract interest points from
real-time screen and model
using SURF algorithm

Target model

» Tracing the object such as
Target model at real-time site
display using orientation of
interest point

Target model

» Object size recognition
through the boundary

Real time site display

Fig. 4. Object Recognition Phase



URF arel5& &) Target 203} UAJshz ZAAIE AARE
E}”“Oﬂ/ﬂ FH= B WA, Target 27} 2A7E P g
Y2y EXRS AR o] A 7 EXH o] F wIskS AAgs)
31 Target Bellol) AAJH EAF F W3S o]8sle] Vet
F=3c) ANREPAT} Target Ry 3531 71eAlEe] Wk
& w)asle] Target XHl7} A= AAZ AR shdA
SHev), mER AAKE shelol Target Txlo] Axjshe Jeiuke
HheTlelE ek olsh e SURF Yurefzg olg4k vl
7lE SAAA T e v AolMRE AAE Tledit

34.1 PMCERE EXNH 55
3411 32 93 44
SURFLIEEE AR o]u|R|E o]&3]

oJare

U=

vk ZE|(Box Filter)
Fayslar, vk FE RkS B3 314 so|xe AETE
o}-g-3}o] 5@@% T3t} SURF °513]%€— S =3t
o83t 34 Qs whEA o 2 33Tt
Lk Iy LH—r°ﬂ =7 ]—— 3k 7o e
Tohe 2He Fshe Aotk ofu, AR dS Adebd Bk
geje] =A7]el Fagle] whe £=2 34 s

AUtk o7 X AR FFe e IR0 ERE Zh e AR

Y 3 2 H4DS U e

28] 3} 2=

3!
de
)
Fl[‘
[‘-111
of
0?4

[o
o
°“?
- 2
i“
ox
L
[

Zi
fm
N

i)

X
N

M

@

Eq. (1) Fig. 5941 12+ ABCD7} Uehlis Qo] Sah=
stEe] $S AREshs Aolth Eq. (1)9] A Fig. 59 94
Odllx] A A7HA19] @0l Eohe s S yepitt B3
Egs. (1) and (2) (Bay et al,, 2008)9l4] Iy = X= (=, y) Tl

Fig. 5. The Calculation Example of the Pixel Function Using the
Integral Image(Bay, H 2008)

Ax1ell aiek 2% P, 1, )= el i, j9Ix12] =4 grelck
ZRPFS 3 A =, ofwl =1719] Az ool 4e]
s Bl AP A Ule] BE 2 ghe) $& 73 5 ok

34.12 34 FoNgt AETIE o8 53 F&
SURFar2j52 oMt AElE Sl SHe 7=
Btk o7 SRS SN QS 7IRke R 3 gt tblE &S
SO ARt HE7I= so Mgt FEAES

IEE AR ALz, y, ay e whs

v'

=

4

23 1g 99
At A
EEEMEEIEE

8
<
—~
b
—

L:rg/()(: U) Lyy )(70' (3)

&lo] Aot 7&71= Eq. (3) (Bay et al., 2008)7 2-& &o]AJek

2t
FHS 7ke

=
=) EARE FE3) o, L, (2, 0) & X$)X19)
AHYE gt 09] ke 7 7RISk o 23
H]%ﬁka—gg(a)ﬂi’/] ZAB-Z X (convolution) FHe <Jm]&}aL,

L, (2.0). L, (r,0) 2 ytho 29) 25k, wytgho 2 it
719419t Bejole] ARTA gk elnlaic slo]AIek el
gol QAlgk W} =3 Qe gole] ol Banr 2 A4S

d
S *4@0}7] ol o] BAH 55E0] Bl Exist
—1* 3= 77 ap7) Sfsl Sl R 7}?7—1@% T3t
WS 3] 918l 659 1o 7 s
% Haar 90|55l $9& AR s'=
vERlE A AR ok 34 g9 1,
-18] 7R APE A8 2AYe 2x 28 IET
Fig. 6 Haar ¢Jo]E3 3H& &3 ‘)ré’_— Fk dz o} dysg

# j 2

J]mg
)
jaa)
jg&
;(_,o
P
)
[e
o%

Ach
fd
1%
J>"
o2
12

Y ) 618 T2 G0 6 Wil K el
g PSS AMgSle] 360° WO sx She Zte Uekick

AU
NI

Fig. 6. Determination of Master Direction Using 60° Sliding
Window(Bay, H 2008)

Vol.35 No4 August 2015 965



HulA 7SS o] 8%

360° o 2 FARFAA, 60° 9] &l A= ol %,

y% Se] WEge] e ARKEE 60° 9] Zeold AwS
LHOﬂ 53, 5 g MEse] ol g 2 v, 1S g
Ao e 2 gtk 44 e @ 597
ol Firk

oX

H

N dm

3422 533 F g o8¥ JleA =2
SRR T8 AR &, lE %EH 7eAE =&
7131} E% 4’4311 EARY] TS VIEe s 2AY AW
= THOE 20s ‘f”HJ A5 ek
OMJ AxrE e %E" = ko) wehd Wiko] ki) 20s
HAZ sk S T 4 X 42 UETh 442 rofzl
5x 572 ejsfal, o] Z+ ol tisj
Haar $jJo Pé—f/’% HHE thA] H83te] Ateit
o, v =(Yd,. D\, Y3d,. 2,|d,) (Bay et al., 2008)<}
2ol 7l2] EAEIE 1% P 2 6431 (4x 4% 4)7)1EA=
=3t »lﬂr N"] Sl A 71eAle} Target 2o
S 33l AARE AN Target Eelv} 2-2

l"i"vj—'g =tk

2NZE 3pHo| A Target Zdla} 2o AAS
shAdN A Target R} AAJsh= 2ol vReHe] 2 FA 3
ol ukete] S w3l 7hHEke] x| BAIgle] AARY
spAdNA Target Belo] XpAJslh= Jorbs 22 =719 wdds
S4ME Stk

3.4.3 3D2H TextAHO| S
SURFY2JES E3)| Target R} Yx|sh= 2= ﬂé“ Agk

0]% Target 22| 3D 2dl3} Text AR E &g S% DBoA

EERIth E3ER] AEe 3D BUS nlerE] k|, T2E

H3F Text FH = vltlg] Fofl ST

3.5 SUBA | 71 TEE TS S HEUD 4
N A4S 53l AAIRE shdEC 3D 2l Text JJr?——lo] 7

=, ol& olgste] e FRITE AARE sl T4
3D ke AN B33 7a=Ee] 3D REIEH, o) E o]
slo] PP A2 TrBe] WPS FAT 5 Yk
3D 2l ol S =l Uk Text HRE Farsle] =20
ol AR S e 5 ok SR g WA} Bad
g wARkLAL ks AR TE=e] 3D 2SS Sl
2371-)\]7:] Asksle- kst = oh;]. E]*—v_i 2XZE §1rt:]oﬂ =73
ARE Fustel P2 e AL A e Ak
78218 AR= APsH 0 2 TR A3der] S Text AR} o],

0150 i,

966 Journal of the Korean Society of Civil Engineers

the ARdME o)A Ao 73AIEE W87k Z73Ec)
=9 H F AFEGTE Bas v e Awel 2
T2E] on|AE Ye(Overlay) o 24 FABEE 3+ T4

PPt B F AL Al 28 5w

r>~

4. HIDBIE 30N TS 0IgDt AM7ZE 2 At
HES

B drelire 9 AN S8 A8 RS ol8ste
Hwir] S48 7 fAjde] Alsge skl

4.1 AAH! 7|5 M

okfe] Fig. 7& & FollM AAshe Alsle] 74 =28}
3 Aol

Fig. 7& £ @7l 758k vl S79d4d 71t #A)

AlzEle] A 7)E T3E T218) 3 Zleftk AlzEl 7)E T
AT GF 530S 8 3D B, Text AR =7 7
g, Hlo[Eo]=e] HE AFS 4T =Y WA HEE 530
AR A=E) 50 Thsskes Stk

ox e
Mo ™

o
12

4.2 [N Tt

—E— el PSS HlulA FAEA 79 fAEE AlEle]
P AeAds wdeta, SRS 3] S AbeEReS S
1S AAekk mEsk w7 N SR Vs ol8sie] Al
GFregol] A3l o5 & rollA AR vlnkA S
ek fAHE] A|2EE o] 83 fAEE] sl v]aLste]
B oA A Alxgle] E83S Rkt S

ARIAE-S AAE g2 0033 RALS] mxg=] ofth

Eiimffi‘*

N

¥
e |

Tracking Object Module
Importing the Image for
Maintenance
Generating Interest Points
for Image
Generating Interest Points
for the real-time screen

P rasge

Obtaining location
ion Module
Tocating the site using
joogle maj
Getting longitude and
— latitude of the site
Importing DB of the site

Importing the image for

[
=3

Image

Tracking target model using
Y SURF algorithm

i Performing Maintenance
;'1 work Module

Augmenting 3D model and
text information on the

Determining master

direction of the real-time

Deducting technician using " " .
master direction of the Sheld g SinE

image interest points and
the real-time Screen interest Checking the object using
points augmented information
Tracking target model in the Input check contents in the
real-time screen using text box
technician 3
- ] Updating all check contents
Generation of boundary in } y -~ -
the real-time screen Overlaying the image of
Augmenting 3D model, text — 1

information on the boundary
in the real-time screen T

boundar)

structure needed
maintenance on the map

Take action to structure
needed mail

Fig. 7. System Configuration



4.2.1 H|0| SZ2id 718t == H ARHEE Sot g
4.2.1.1 3R B
B el Afehs ARk S8l FARE] e sk
Sfeii= wAl, JEED R, Text g, owx)3/d o] Lo
Sk AE A o)F; AIES B1F ARk i el S
Ao ARE ST T Fig. 82 ARl oA fAlie]
PR g8 THE ARE BeEols S vehdtk

4212 AR 73

Target g AR 5, AL S 7ot 41E F9)
Q2RI ofF Fhilet AXE S8 A shs AARY S Target
o] S94E FE5L, okge] Vg F) AARE s
Target 29ly} 7o AAE =t}

Fig. 9914 9% 21Xk shlol] B4 #2311, o2
Target wxle] £275) wlislo] AAKIsho]A] Target el

2E AR e g el itk 9lo] H4g s Rkt
she] A el 5 =4 gt @7&; e

Fig. 9|4 QL—,L /‘V\Eél §}tﬂ°ﬂ
FAREE % 1 9= "47:1 oIS Text AHHo|
7YNER= AL VR Aolth Target e thEo 2 Meisiy]
gk sho) Q12E= o] Jie] AAE Al Q14skaL, RS
5738 5 3tk Fig. 102 AARE shddl Target 2ds 7=
DA} S 0124 FS w) S AASo] el Sl 12kEka,
RS Sk Ze Uedith

Fig. 9. Structure Tracking Through Interest Points and Augment
of Structure’s Information

4.2.2 OF{7[HF SZBA 71E2 0123t SixH T4l
nr] 7eke] S QEAAE AlFEhs “AR Toolkit™ S
olg3oitt m7 Il SR A AEEE v S
A 7Pt fAdE ASES 9 o 7 G AR 84
HAARE 2E A} eAle Tt o, v S e
HupA7 9 S AR e, viAE AR AlRkskaL dgeilA
HAE AXJskE 2Hje] dasith Bk A= TRE 72ES QXst
7] §1%k 7] v w7t dasith viple] 27)E R 2
AgellA 1237] A A4 Afo]= 2 ARtetict. Ak
nAE e dAste] nE FE TRES skl ARE
S AES Bk
Fig. 11014 €1%e] 7 092 @Reln 7xE2] 3D 2d
&S S5 vlE AR Zloltk AR T =19 vizls 78t
o] wil=zr)o) wet S7Ee wde) H27)2 Sklslas) it
Fig. 1104 2 E220] F O3 e nAE 53| 9 +252] 3D
RS S8R B UER Zloltk nRIAe wire] 71t
ke T upel] ois] BT e Aol e

4.2.3 MRINE Zat
AtelEg A, niA7 ek SAAY JRrde aEe] F2
N .

whAdl, v AzkE 917 F7F AREY Blo] AR

Fig. 11. Performance of Maintenance Work Using Augmented
Information

Vol.35 No4 August 2015 967



HulA 7SS o] 8%

N

ol o vl Askole) s ) 34 o
2 1 = vl Ao <1k AR, vlge] 2uv} A7)
ek, el ] Q42 $15 1A 3 0
o) 1%, vizle] =), A o] o vizle] @y
# Aoz ek, w9, 98 Aol 1A SR
k) G Sl 7 ek AR v o ARKE
§ glo] Hkshs Qo] 44 % Ro= opgErh
el AR B 991 A k) A2
B ARGt vARAE B9 b AR Hlg 2t
G, Egol] vle] Ay glo] AAE Qe 5 Qo] B9
grlo)H W3S 2 sk SR, SURF Uuiefse 5
HElA7 R AR Q14 WP w7 Rk A 914 S
el wsbrh g Aol o) 2
ok el Azle] Bag AL AT & YT

§e
o PN
ﬁ

X

=

7

22 :10 i
rt’ & 3 o
ﬂJ{EL

F}ﬂ

ey ?9] A Ut 2k
Holde v R SR Ties ol8sle] fAE
f?iﬂ - R RES A SISl o1=A A
250] 3D B4, Text HH 55 HIvPPRE T4
%SPO% AR Aol A= 288 5 =S 6}%{‘4
olE 'B‘H AAAN AR RS AE3E THRIAL AR

A7 A= g5k BIM 7]9ke] F-X#8)7) 78S

_I_4
o;
ﬁr&ﬂr

_:

A, v 7] SEAE Q1AE Wolre w2 284S
Houf, wize) AR, wire] A Foll ddt AR A deiM
FgapPlolk= v FePt ook B Ayl v S8
d A8 S18l SURF Larels 28738 Hostslor, oj2X
SURF 7Tiell eJ3k njulr] 7k S48 7o :dy3= 74
e X—*.%*é% SRelskaltk

AR, S74d4d 719 3D fA1Ee] WEES A7) Sl
w7 78 7t A Al sk & AR
AR} J‘EW e Haslsiglon, & °4:rL°1W AR Lotk
Oli‘r & E5l AR B3E 5 =S ST o1& ES

7ol of2] e oL §lo] AlEke 01%'@ AR
TEEQ AE=E skl

YA, Multi Target 5 A7g0] 7Feshes: 3I3it): ofi= 7 ke
7 gz iste] iE AAS AAfsiol AW EERke S0l
TEES] FHE A W olofr= ARE Ao EH BE
ARl GFrdo] ool A < Slrk

B oA Ak S48

N
z
W
o
N
i
&

19
N2

968 Journal of the Korean Society of Civil Engineers

AR AR GTE sk ARl g Al
A BIM AR9] #8448 Rol MY FARUREE 75
% 9% Zolet Az drk

gl =

£ A7 2011 (s |a o] Ao R g
TAe] A AL whol =3 ¢7-¢I(No. 2011-0016064).

References

Bay, H., Ess, A., Tuytelaars, T. and Gool, L. V. (2008). “Speeded-Up
Robust Features (SURF).” Computer Vision and Image Understanding,
Vol. 110, No. 3, pp. 346-359.

Kang, L. S., Moon, H. S., Kim, H. S., Choi, H. L. and Kim, C. H.
(2008). “Fundamental study of 4D CAD application by using
augmented reality for civil engineering project.” Journal of Korea
Institute of Construction Engineering and Management, Vol. 8,
No. 18, pp. 659-662.

Kim, B. K. (2013). Development of the advanced construction site
information system for road construction and maintenance, Ph.D.
Dissertation, University of Hanyang, Seoul, Korea.

Kim, C., Shin, J. W. and Cha, J. S. (2012). “A study on the AR type
monitoring technique using QR-code and environment monitoring
sensor based on smart device.” Journal of The Institute of webcasting,
Internet and Telecommunication, Vol. 12, No. 5, pp. 261-265.

Ko, C. H. (2009). “RFID-based building maintenance system.”
Journal of Automation in Construction, Vol. 18, No. 3, pp. 275-284.

Lim, H. S. (2011). BIM-based mobile system for facility operation
improvement, Master Thesis, University of Yonsei, Seoul, Korea.

Mok, S. J., Jung, K. B. and Choi, B. U. (2012). “Clustering and
matching repetitive pattern of feature points for Building-AR.”
Journal of Korean Institute of Information Scientists and Engineers,
Vol. 39, No. 11, pp. 902-911.

Moon, S. W., Kim, S. D. and Park, M. K. (2011). “Application of a
3D graphic model for bridge maintenance.” Journal of Korea
Institute of Construction Engineering and Management, Vol. 12,
No. 2, pp. 64-71.

Moon, S. Y. (2014). Application of historical image data based on
augmented reality object for improving construction structure
maintenance, Master Thesis, University of Gyeongsang National
University, Jinju, Korea.

Park, S. Y. and Choi, J. W. (2005). “A study on the applications of
the augmented reality technology for effective information mana-
gement in existing buildings.” Journal of The Architectural Institute
of Korea, Vol. 21, No. 8, pp. 37-44.

Schall, G., Méndez, E., Kruijff, E., Veas, E., Junghanns, S., Reitinger,
B. and Schmalstieg, D. (2009). “Handheld augmented reality for
underground infrastructure visualization.” Personal and Ubiquitous
Computing, Vol. 13, No. 4, pp. 281-291.





