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Abstract : This paper aims to propose a method for the systematic management of construction information using ontology. In
particular, it was intended to propose a method to systematically manage the construction method information required by
designers and constructors. The information used in this paper is a case of test-bed construction resulting from 10 years of
modernized Hanok technology development research. The new construction methods of modernized Hanok were organized
using the ontology editor, Protege. To this end, the concept of ontology and the process of constructing ontology have been
summarized through a review of existing research first. A conceptual diagram for constructing a domain ontology of the
modernized Hanok construction methods was then proposed, and the effectiveness of the proposed domain ontology was
verified using the SPARQL Query function of Protege. Finally, the defined classes and construction method metadata were
published on the web using ontology web language (OWL).
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O] Siths 7Fsd & HAGH| QI8 Ciekst Aig 2 JH et
of] Tt o AJ=7} O]oJR] 31 QACHPang et al, 2010). GFA]
ThOFE] At O] Bt Al L0 AE0] AIZARE E4
O oh= AISH 71& AS0] O1F0jR= gk Ad9 B4
o= Qs MEA 7N AlFH O] Hgol= SHAIE 7HIT
(Jeon, 2008). 7Hd: 0] thst AAE Helet 719l Ha
& QloiAlE A AR IR ASAPEEIE = = E
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AR Al 257 2 S AA Aeto] QTETHung &
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staAMB|re] =2 A M24E M1 20233 18 5]

it



0)3|2 - AL - ML . 0|24

A= SHIE S5 st 718 @ AASHH Q4=
(Choi et al,, 2004; Kim et al,, 2016; Park et al, 2010).

olo] & l0jA= TR SAEE 7HR AlgH 2 AIKERY
HHO AR H2E Pl LEZAE S8t g1 T &
Ot AIotS ERE St O Qo AlsH 59 AR #g Y
ANE Pt EHQ 2EZAE AQISITE ot FAIF Q] AL
g JHE ot 22X 715 & floll 201092 E 202187}
A D “Asts 71sia ATRE S 7HdE 15971
O] FHE O SI9ILE & 1oA= “LEZXE &6t
AAR Al 9 AR AR ] ot Aors Qla) 28 2
EZX9] 71E 7N He), 38 EHQl LEZK|] A9, 47}
o Al MOl REZA] 5E ot ST AISH
HEROIE 9] F9], 54 ProtegeE &%t 2E=2A 76 &
OWL SIS A2 At DB

2. 2EEX| 2|4te| AlZ7|= M|AH|=} ot

ARG HEA HEE ke 718 2 AA B
9l ZQHe Fglo] e AFAIE Sof ZxRHRT ot
ZAARIIA 718 2 A TAOA B o] HR7T A
AT st £2E DB AFaF E-2H0HShin et al, 2008).
T ol2E 718 BA0IAS] HEZAMIQ] olF, 3719 of
= 4l o] oIt Al A& S0] o, AV AAEIA
22 A, AH] 2 2O AR e AdAR]ol] 583 @
A8 THYA B RO R ARs AR o8 2
o, i ZHo] thel A8 SF AZ0IL ZAFEEAL
o] Z3of 9J5t0] MR A7 Eom olzfsh akFof
A AEkst S witto] 7|Eo] nRER] Z2 dARE BE
E ZHLFO] o]F0IR Z AL 7I7e] E Bl ZAH]
89| T7FE xdicto] SAF Ao Ze ggke nRA |
CHYang & Yoon, 2002).

Table 1. Status of Hanok construction data management

_— Problem & improvement plan
research
Necessary to strengthen the material procurement information
Jeon, 2008 .
network centered on the construction DB
All information related to Hanok is disseminated in a very
limited manner, and essential information for modernized
Jeon, 2009 A . -
Hanok such as specifications, cost, laws, insulation, and
equipment is lacking
Jeon & Kim, | Lack of information for design (only detailed drawings for a

2011 small number of Hanok buildings)
Very few studies on the construction method, and lack of

Yun, 2011 schedule information for each construction method
Although the number of cases of building Hanok DB is
Kim et al., |increasing, the information is managed in a distributed manner
2012 and it is difficult to use it, so a systematic management plan

for Hanok construction technology is required.
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ZHI T AASHE AHZE 2ol|A #e] W 2Tt
She AIEAIZE 71 T & OT), oAl 2016\ 4D
71 AEAAR ME W 27A87)E AE2A AAVIE
(KDS)IF EFATHA(KCS)E AMBctal JAOH, TFEATLA]
E 7|2OZ MEAILAIQL SAEA] Ao 8%l Q
L} SRR AR o= 76kl =7F BEAILAE 4
T ASFE AIZY] ARIAL 2Rt &84 mie Yt
SIFOIA = AFFIE B F45H0] THORE AlZo] 7
e Qlom, At AFOA AIEA 84S =0]7]
QaiAE AlZISHE Als 7tolEakl Zidto] A3y a1 Tk
(Moon et al,, 2017; PHIKO, 2019; Lee et al,, 2021).

53| otg9] A2 3T =2 JZAH] Y Je/iHE {et
CIFst o] 7k 9 o717} Zgwof gtoLt 7Hdke 4l
SHO B Sike O Agoltt HEghto] ojE 3o ¢
O10F H29] 37IA] YIS AAlSIL ULt AR KIZ7HA]
9 ot A& EX AF9 +52 AKX S40] ofd AlS
71ER B0 FdE|o] Yiths "ot gt Jel B4
ofl 95l = Qlo] Al FoZ AR Qom, o2 QIF]
AARCHE AlZ0] ZREE AFEORE oop7|H ot
(Lee at el, 2013; Shin et al, 2016). WA AR Al
Aol AMoHe AR SF H/ZHo] tist Alg 55 82
7} BESH AFOIT)E B, S Al AR Y Vs
g AAR 2ZF o2 Ful & #1584 Qe FA9 2
oltt 53] g9l AAe oAl A9 AR QJaiAlgt
A Yo, Mg 20| 7Kl o2 oIt FH9
olgdE 59 BAIEE 7IXal Qlo] thrko] HIFE7F 45
oA st Ao tist o] SIAS] Wit (Kim at el.
2020). =5t oFF] AtiAES AIslo] A& B4x AF0
tist K1Ao] Qi AL stee dAGHIAL & o, 52t
HQl =28 A&chs A7Vt nISst 4ZoItY (Ma, 2013).
(Table 1) $t=29] AlZ7|E HF9 BANAS QI 7]
E AT 24 AASH o Al871s BRAAC A, S8
DBO] H QMg ZZstal Ut meth] ot ZAe] 22
SIS ZAE A S B e QlaiiE ot
= HRE AAS] 918t End2A](Terminology) &
, BAN 0] AH O] AJMHE] (semantic) ATIE £ &

DB 7£0] @7, $ts0] 7HKE 8019 E441t &
AZ9] 2019] A|AEA & (Thesaurus) TS Ea) AR
AFE0] €A BRE AMNE 4= Q= ¥ Wieto] Y Q3T

ZEE djollz AE 7o o TIfst AL AJO|E
7} 2HE 3l QLOH, 220 AGAIHZ L Qo AR AR
£ A7) Q1] ARNAAL QA = R, tieHREZAL A
SARIES] 59 QEU AREH HAOIEE S5t0] FHE
£ 2556} QCHHan & Ju, 2009). 2L R AILE QAL
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Fig. 1. Concept of ontology hierarchy
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HOJ Ml&Zof AISE 0] ATt whebs] AR AEst thets H A Eof B R FESEALE TITERI AlAE i S
A8e7] flaik= AlZd, oAt Alet 22 AAEHE € of & =0 HP—“J*OE dlistal QI H<0 E‘ AK
Sop| flato] O 2 =i} AlRte £Q36HA Eoh T8t 7 o] TEO] 2 - SALSZIA] ST UAXTE, THAE 8
& 7=E HOoJEMH0|A0] A @AM B g1 g HE AdEEY QUANA 8%7|0= PSQ%@
89 Ao me} tlojHe] A7k Adelsior sk & o] BES %E—;!OEHLee & Jung, 2016). =5t O] T4
ME 7HAIAL QUT) T Thefet 2hEle sl AelE A Hrhist 2] HHIF BE AHZE AlAH0] HIGEX]
O[EIHO] A O] AR0|% ANt AKE9] RIS V& Zote A 72, I AIFA9 FH A9 oftlE &
Sh= TE0fA] 3317} HEsh] miizoll AlAE HolA =2 o] ErRIE ok|atal YTHOk & Kim, 2015). 3] ALAKA

of ot HHO| 50| o] Witk 71E A4 FH gt
LEZX9] ZLEHi IR W ERE 1IXE = AHo I
2] Jreoto] 118 0jo} S (Martinez-Cruz et al., 2012).
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FO= T 2019 7|E0] geEUA dHes dAs
1l 245t AlZR 7HRIE BHE0] U] figt =3o] B
GEE A} AN E Qi RE 71eid %5’—7]
SOl whh AN A"ElE F56t0] E80tal QL TR
9 Al~”le =RE FAIS 7KL Q10] BF DA AE 7}
o] A0l HolRl= AE 7KLl QU H=oh AL
QFARYY] Halol ME A0 AREO] THIEA]
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Xl EFOR Qe 37t MARE O of#iRE 717
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A% tlolH glo|BH2IE &l Uk &X HlolH glo]
HZe IAES 5402 FHE QE51 2Rt
EgAoZ ojXH @ HoJHE Welsio] SR6ks 55
S A NAEQ! Z=AH0ICHHa et al., 2017). 0]of] 7]8Ho] &=
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Step 1

Specification Conceptualization

Define relationship
and property
Identify hierarchy

Define concept
Define class
and taxonomy

Define purpose
and scope of
the ontology

Class Property

Axiom
Taxonomy Instance

Domain

Hanok
construdtion
management (CM)
Han-Class

Search
construction method
for designer

Hanok construction Specify
method case

Specify axioms
and constraint

requirement

Step 3 Step 4

Formalization Inference Optimization

Define rule
Automatic analysis

Implement the

Evaluation
ontology

OWL Rule

Application (S/W)
Automatic calculation
(Estimation)

Publish ontology
(Protégé)

Search accuracy
evaluation

Fig. 2. Process of building ontology

(Berners-Lee et al,, 2001). 7|& AHAIAHE te AI5S
g St YEAZ0] IR0, ARE AAROZ £
SHAL @3E O 2 EHEatA] Hotal Utk 1 05+ HTML
FEN] ZAER FEE ol ALERIA BHE F= g
£ ST AFE7F AR & OlaH5kAl ol AFSAF
ZHRE xzldiok 5171 WiEolC Eot TARSHE XML HHA]
Ol 490 1:1 & 1in 22 FHE dAGI0] A2lst
1 Ae ¥ i, F, TIACE #Eo 29 FR Feloll= A
£ WL weta] thEolAle] AR Alg 2 A4 of
& AF0ITHChoi, 2003). SIAIRE 2EZA|= A9 Wg
i} oln] BAIE BSIGh= Z10] 7Fsah 018 HIEORE A
e FollAl 2, MALE, INIFES 7FsolA St 28
ZAZ HOJHE HolsHH 7]E 2X1olA HIFEQL HolE
EHOZ o] EFAA oo SFEEE HRE0] 1
T 2RE TEol wet AV 9ElRlal oy SH8 =
gloh= 210] 7HssiZICt.

LEZA & AlME A4S TElcke 7IeE FRE AFs2
2 Relsh7] Qo BFEske o2 FHE #dlshal, A
H kst AW o] g S0l st 9N & EE6iA Folsitt
SEZA| 9 Hol= FsolA] L2 /g oz ‘ExjZolz} o
H, ITREOIIAE ‘BRcH= HEsko] gAlF o] WEksH Y
Al'(Gruber, 1993)2h= 7HE O 2 AR2E] 41 AUTH

A FF3} 71T W3COME LEZXE AFH dojz +
Sloh= OWL BFEHS AAIGHILE =olAE Z3TEolH
H(ESSH0IHS Als | o]g Edstol tist HE)ol wet
27|80l HRohl Qe HRE 88 ¢ ALE 2ER
A] 7]8k] LOD (Linked Open Data) SEIZ 2aialo] A2
Stal QICE T A2 e SESYTARC] = 7HAX] LODE
Bl TA 2 BA7} 7= dRE AAISH #elskal ok
Tst 9 LODY| A AR A ARE TA481610]
Fz]etal Atk LOD W AH|AE HEfRAE Salf HEL
HOJEE 891 4= Q1O RDF/XMLIF 22 7|4 7154
(machine readable) HJOJE] YAIOZ t}Ho} [IE AHE
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W AFEA AASHH EEF o Ak HOIRIC
ZEZAE O oA Folstal EABletAE710]
ot 1 S50l i THELL YR o g AREE DL =
SEEAC] EOEE 49 2EEA, EHQl 2EEA, I
o] 2ERX], FE 2EEA 50| oW, HE 2EZA|
ZHgo] oAM= ST ZEAAR AT HE 25
EXE 2210 Gt RIS Hol6kal A= 8012A (Fig.
DI} Z2 2E2A IAE Wil Ut 2EZA = AAE
7 i, Be= EAllcks AAIA ] tigt gojet & 4 QI

30

=
S Hrget trQl REEXE st
11 018 &RIZRE BHU2Cz9 Fit sie2RE vt
HY @jo] Ballklo] TAl 2EZAE F5ohe 210] Hig
AJSIT.
EHQl 2EZAY BF FEEHE 2EEA9 HelE
A

LEZX|O B 9] EH 9l 2EZA] Yo d-5EE=
Z 2EZ2A7} njg] niEE & FgulE 2EZA HEE T
HAYA = IHE et FEEA o2 2EZA
Ui thAE0] OB 27541 FAste|ofof sh=Al njg] &
HEe A4 HEgolgt g = Qlth meta 2 JeldE &
9 LEZA= 2E2A] 2 Al meidAo] ity Wt
S AlZsto] Tl 2EZAE0] #AEHA| L, gl
912 Q8 4= QIrHMascardi et al., 2007; Batres et al.,
2007). 70} 2EZAE 1176 EH QoA @A5HE Ho]
HE migetal S8 ¢ e &% 7hss BEolthHDoerr
at el,, 2003). WetA] T0] EZ A= =7 IR, AR 89

E Bopl| YA g8l 2EZAOILE X 2EZAE
dubsog 7|12 gat o] g9 ASTA, 12|11 7Hg 7k
A 5 A5, o] THQIA MAISE == AA Y]
ACHCho at el, 2005; Usman et al, 2013) TE LEZX|Q)]
7V & 47 o2 E 180 159269] @Y & 7HA ARiol A}
A &R LEZK|OTE,
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Fig. 3. Concept of Hanok construction data ontology
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3.1 S ANt A Y

2 20lA = 189 At HeloflA Bl Hiek 2ol AR
S AISAPL 28T = (e AISH JHAIRY 2EEX]
TES FEOE ol Rtk =6 019] Z|EFRE 2010
FH 108 A o2 Aok e AR 9] 415
MO LA E Sofl F-elotalAl Stk

1=

3.2 MotZA|SHE TRl 2EEX]

2 1E Soll FQtstalRt sk ot AlS AR EHel &
=2=A9] 712 HEEE (Fig 3)& Sdofl =ASksICt

(Fig. Dt A0] & LEZA= IA o5 AIZ RES &
Olgl= A LEZX](Upper Ontology) &1} 012 &8
Sto] ZH2to] JHe AAllF= FE 2E 2K (Reference
Ontology) HFEOZ EHQ LEZX
7t %L meta] HE JHE A

eEexlq B2
SHe BEER 2 HIER00] BAS WA Hni ol 7}

Zo]l ZHE 535 2 SARRIOIA: 715, B, Eeh)E A
ME ¢ Q= SiEth deldE 49 222X IEEF
O} RIERE IARE T AMA BEOE 411
= ‘Masterformat’, ‘Uniformat’ Z12]11 ZESIHE 23191
DAY HEFAA QL AARCE ety == st 35
Tt HAGHY 28 4= AT EoF 7R 2EEX0 I 2
tAE 71E A 15 Al AHE(Project instances)QF |
£ 71} 212E9] ARdl= THA] Construction Management
Ontology®?}t HAE AAISI =5 Theket A4 Aol
HF7s LAY MoflF7] E1F oA Eed 4+ s
Aokttt 2 ARt 2529 z[olRlole SHol| &2y
= A AR, ASA, AAIEH S1F 2] AAls FHEe}
B A= User Instances 21} (1A= 0] QAT

B2 2E2X oA ddEs80e WSHs80 &
o] BAE dHst7] Qo WSO AKE T 222
A= AAGIACH: Aol SFoltt. ddlE HE SHAes
individuals® Z}2tQ] 7HHO] 7IAXOR QX eE IT
St AT

(Domain ontology)

w2

4,

rx

312 A2 2E2X|9| 75

(=)

Agte Ald71E 2EZA Mgkl met 282K ¥y
7] 2EEH OO ProtegeE 83l A15HS AIZH OWLE

D6 stzAspelss =28 24 H12 20233 12

THRCE REZRE Folsh] Qo S0 Al AH
O] HEtEHE FOJst¥ o, AMAAS HEoH AlGH
O] &0l BHA AME] =] SI5ICE AA A= R OHel
SEZA} E ASE =X HESIRI

4.1 415t2 A3 2E2X| E2iA

2EZA TFE FloliAle= F0] 550] 202 ¢y =
RDF #£& 7|20 % oith A¥stiIAl of= FAIE Fol=
FO| FAIVE El= 01RO STiAct A8y = 550 A9
S 29 TAE =015 9] Relation Q= HASHTE

RDF (Resource Description Framework)= 40| A
g #olsh] fIst ZHJYAoI). S8 HeZL Wil the
9] olalf TARt Exlich= tede &Skl flaii= &
O AAZEQ! vr o] So} 0] nik|ofof Sy, o]t
MEe EHRE oY olal AR S&8H QFAteE &
A5t FF5HE FE Pl (Reference Mode)S A7 QF
Hrh 2 AojAl= ol AMAXSE FA5k6H7] st
(Table 2)2t 20| 3 =g 28k60] T 16719 Classet
E 1,721719) EntityE HOISIATE ES A9 LEZXE &
ol Aele 169709] AlFH S Al 159719] AlgH &
10 5¢t st=9] a7 & ZAH] dte il i
o 10719 AR &0 FHgH I3 FRE 7IFeE Je
CQICH AlShs AlSH e 35 FREOR Hd/de
Hol 65702 71 wkom niagAt 3070, &= 227, =3
AFROl| 17709] ZH o] He|ERATE. Ol FIEE HEaH
ohH = thd/ b= Hof 65709 714, WA niol 26
N, EFAR 107] RAS87 R 7] SHOoz 7 3 &
=2 HISS AR
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Table 2. Class of Hanok construction method ontology

Class Number of entity
Class Of Facility 168
Class Of Work 52
Class Of Element 159
Class Of Life Cycle 6
Class Of Locater 6
Class Of Crew 39
Class Of Method Steel 9
Class Of Construction Method 159
Class Of Traditional Term 105
Class Of Standard Specification 2
Class Of Management 66
Class Of Business Function 14
Class Of CBS 275
Class Of GBS 435
Class Of MBS 170
Class Of WBS 62




Table 3. Metadata of construction method

Metadata Data property
Construction method ID D
Construction method type ID
Work section D
Element ID
Traditional term URL
Standard specification URL
Material D
Detail drawing URL
Assembly drawing URL
Site image URL
Use case ID
Patent code D
Construction note Text
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