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{ SUMMARY )

Purpose &
Contents

The purpose of this study is the "Development of a BIM based System for
Assessment and integrated Management of Indoor Air Quality(IAQ) during Building
Life cycle" that Secured Accuracy and Speed of Indoor Air Quality Assessment
and Prediction

1) Development of BIM—-based IAQ Requirement Creation and Management
Technigue
— Definition of IAQ Requirement and Extract Method, Definition of BIM
Attribute
— Development of BIM Passer
2) Development of Management Technique of Regulation & Material Information
regarding IAQ
— Development of IAQ Regulation & Material DB
— Development of IAQ Regulation & Material Information Management
Technique
3) Development of IAQ Information Integration—link System during Building Life
cycle
— Definition of Utilization Process of IAQ Information during Building Lifecycle
— Development of IAQ Information Integration—link System

4) Development of IAQ Assessment Technique In Design Phase
— Analysis of IAQ Assessment Requirement regarding Building Certification
— Development of IAQ Automatic Assessment Algorithm regarding Building
Certification
5) Development of IAQ Performance Management Technique In Construction
Phase
— Analysis of IAQ Performance Requirement regarding ‘Green Building’ and
‘Health—Friendly Housing Construction Standards’
— Development of IAQ Performance Management Program
6) Development of IAQ Prediction & Measurement Management Technique In
Maintenance Phase
- Development of Indoor Pollution Material Emission/Elimination Prediction
Program using BIM
— Development of Program and Template that applied the Acceptable
Standard (Maintain or recommendation) of IAQ evaluation target

Results

— Requirement Extraction Technique at BIM and Requirement Management
Technique for IAQ Assessment & Prediction

— Regulation and Material Information Management Process for IAQ Assessment
& Prediction

- IAQ Information Integration Management Technigue during Building Life cycle

— A Preliminary Assessment and information—-management technique for ‘Green
Building’ and ‘Health—Friendly Housing Construction Standards’

— A Performance—Management technique for ‘Green Building’ and
‘Health—Friendly Housing Construction Standards’

— |AQ Prediction Technigue using BIM Information, Measurement Data
Management Process and Technique

Expected
Contribution

The results of the research can use at IAQ management during the building life
cycle from the designer of the design phase to the building manager of the
operation phase, and manage IAQ with government policy. We anticipate
providing good indoor environment & healthy housing environment though IAQ
management using the results of the research.

Keywords

IAQ(Indoor Air Bllrwogriglt%?wg IAQ Concentration Information
Quality) Modeling) Evaluation Prediction Management
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30A(|2%) | 30B(7IEF) | 28AHTE) | 0ARTY) | 308(2FY)

ki [Emeggec | [ awaeam

He 2761 8.864 4940 3461 3461 370 2761 731 11.50 2438
2 b= 1618 4.220 4139 2717 2717 741 16.16 143 239 2438
3 F A 1618 4219 4139 28.88 2888 741 16.16 143 239 2438
£ HEL 1307 3614 3617 24843 2443 13.07 713 2438
S HHl 1307 3614 3618 24843 2443 13.07 713 2438
& Ha2 9.84 2719 3619 26.62 2662 473 984 190 239 2438
HY:OIBYEYE BN URE Ay W/E YRE
Hpet SRopeRy LAz ] 2 7 2I0{20 (0750 x 2100mm) 0902 | 2176
2 = x| EE 101 | 2 2 275 LOIHO| 2880 x 2000mm) 1032 | 2076
3 Y R et 092 il 3 g 27§ 2/C{SH0|S(1000 x 2200mm) 1152 | 2276
4 = =] Szt 207 ] 4 -4 O} 0| (3600x2000mm) 3.630 | 2015 | 0.502
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<2-3> AUS7|E H 2 A ME 22| s
ol xf cel M Fe A7YE
<2-1> AU 372 o X DB 5
(1) S| A|I2- colEHolA JieE T~
AZI[E S| AlARMAM 2= oot st HEE 3BFE TE5101 O O[EH| O]
A REHS HAISIUS. BINZEEHOAM FEE M2, AXE MSE M Zo 25t 5, O
2le| MEo siYste HadE 3 SHEYEY.
(2) ERDH 2| I M5 QE[E[of| wtE HIO[E{E|O[E 74
A ST Sgerag] AlAafoe &8 Jtssh ERD & AE|E|o| w2 OlO|E{HI0|E2 Al
5t =. ERDLt HIO|HHO|Z2 A =2 7|2™E, A= =3 X720 et
HE Ao AIE2E MEYEZR FEE.
(3) Tz MIENE XiSrlahd FA|
oo|ME o|gsl Fletd M Eol st SSHHEE HMSote Fetd AR EHEA AR
M &3 7ttt A3 8y ZZERS To|M 2lolEEZ2 TSRS
1XEE <2-2> AU S7(& 2 8+ DB 75
(4) =4 748215 AUa7IE HoplE & 23 He 84
AZ7[&n tHE HoplE ¥ 2 HAE 246t 3 250 HEE "ot
7128 dHElsids. e ZE & I HEAASHE=s =MAFIS(G-SEED) 2| AlLf
7|2 2 sx3 AZESE FEHAMLIEA
(5) AUS7[E =40 (|F HelE &6t ¥t HIo|EE|0IE Fe|
2AMEH HAUWS S HIEHSR oZasd SFS5S fIst 7|2 M ™A Ol =A
SOl mE Mo = FS52 fd 225 MEAFE HYost¥S. Hotol e 7|&
= USHE 2 g=HE 42 Ho5iU s,
(6) AU=7|A oA QIBek=ol w2 A7 |F Tt dne|E 1w
SMAZCIS(G-SEED) 2| &= HIIEST MY Yne|Fn ALRsy FEHAMLIIE
Mo st 7|& HEE LdTEES HosiUs. LUEE2 A EAs Hau St o of
EHOIES2 7I&E2Z2 HMEAUS
<2-3> AU37|1E BHa & XM ME &2 =
(7) ¢AE BIMYE S MUZT| R MEA dDna|E et
BINMdEO|A F&E=H&= ME= 42 HAEHE 2 AHEZ oM =HE HEHHY
H= BIMMAM FEE HE & AXHD} ASE0 SHEZ2IHUAM ALSE . o, He
MHEE= CZHIZES vdEo SEZZOMoM MME ZiuES E2Hst= ol A
Ao 2 HiyE
(8) =78 ¥ nz¥E AUIIIE XV |EE &8 ANV E HEEE
AZ7[E Ha 2 AMEE #HE2 J|ls & Yool ofet dEs se®Z=EI8 FEsS
2XpAE 2ol LSt QI SHES S 238l Htdstod HEo Ae|MA |0l AFETISE. 1XtHE
of Meolstd zhH At-Al 2 ANE[F3 ZLsto], 2017H sMAFCIEe MEES=
S0 HME=HAM, sH=Z20Y 3 ASHESM = Y= 7|F0| A=A F.
(9) Rt o ¥ peRE| ==7 7§dr
MZZ2 HME o w2l X|EMel HoolETJ ERsict= EMAES 7HMsH7| 2«8
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_ = Cl=& 14
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) TEd HEYE AseRE e F& ¢1eE

olo|M S 0| Zst0] EYAIOIEOA HEE e = A= ZZEERIS AN EHE &
AEHE MEsIgS. FSEAAMXNHEA|AE (http://gme.greenproduct.go.kr/)S  SEED
URLE stof mfo|M 2lolEE{z|E &35t HHE T Ho|EFRS TdsIFS

T=HE E= HMEYW , HM=sAP , ‘FHOIX , ‘HA=tx’ | ‘BAEXCE Ttz
e’ ‘EAEXCIBEM |, GRYETS R’ | GRYIBEAM , ElLEXQEZ izl |
EIAEX QSN |, ‘SEwgautzgd’ | ‘Ssttza’ ¢

HI3EE ZzZMAT} 7| siMeE, B HEE =g HO|XIE SEED URLZ X|H e,
CtE2 =2 HOo|X|e] HIMLT=E EAst0d I ET 57| dstes HEJF Zet=0] U= HIMLTES
S N HIMLT =20 HESFZE 752 Fdsts HWHOE F0of HEE F£&. oX|gez
st HO|EHE Z=ZE H™Me|sto] AMulelz XMEret, Xl TZEERKICZ JfEst g aEe =
oIEZA HmS XN&st= Zo| ofuzl 2B A mo| U= Xl st IRLS =8 &

Seed URLs :

Hlo|E{7} E&E|0] Qe _ T
NBAAMKYHRAAS  —> {lﬂl MiL fsﬁfgi B e : [ Tl
2 p—

(http://gme.greenproduct.go.kr/)

njo| ajo|=ajzel

mto| 2[»0|EE{=E|§ 2830 —— Selenium, Beautifulsoup, pandas&
LEEERT #8010 WY 43,
Ho|ef F£&

l g | mEe [Aza] gmox [y

293 Go|E (ME 7128E)

- n;izl:rllg{a - =TT lauEnez| #4EK Eeiga| =9

gz OEM | | IR |oIEN

1 (U2HEHE 5EE)
End

O 23, 28 =8 Z2MA
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(Lh) & HEFE XS M 8oy

O HExZHE ¢lofl SEED URLE X[™et FHO|X|= HF7[2olM 2S5st= thot
HE Z7stl AJAZ. HO|X| & HIFo st YEE AHAlstn U= FEA
5 Axoz 28 +HHAS

O Hx, sdod1oM= I 22ldAM /st A= MEZFAAC et DE2E 3
2. eRAdAc 2/, S&27F, 22F2 LA, 22F7 S92 A
A=. mo|H z2tol=ef2[el e Z(Selenium, 0|5t HallZ)S &&
512 2= HTULTZ0I Chol HE2s +Hoi%S.

O ct22e2 M Eo sligdste &AM olo|X|of tistd XAts2=2 Cla=iE=
of 4u=H MEo| Het AMEEIL HoRH E. w3 ME AMEE
2 Ho[Xl= Ats2z2 FEE YoM i =EEs g3 A=, d
e MEZI2HE, RtdMEISHE, MZSAEEI 7| =0 UAS.

O oix|gtez, IS MY d2 & HEZY 1PN
X, ‘gSdEXelE gtz | ‘sEEEXeEAM olxz otz
BAEXOS PEY | CEAEANASA | SHRAENEY
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Z3| AL FHOIX] 4 (KAE, LAE, TAE, AAHOIAM ™EE E2lst¥Z. AN SFREZ MHI=H+=
HE= #3131 Zeof, Mx[(xlo tigt HEIF M3 =X 27 20 22X Classde
Al olofl CHet MEE H<2|st¥&.
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O cl2ez Mozl HMg viEHSZ, EFE2FAHZ M= XXE 22 2X| (Material Name
Ontology) 2t A 2FEH HMHMS ™Mo|st AIMHM 2EZX[(Material Type Ontology) & T35t

=
=

e, XxH 2EZX|(Material Name Ontology)E ZEHOM A5t A EFRZE ZeiAT}
TMEN, #3519 Zeilal AABHAE EFAHANML MEFHEY.

O ArfEH 2EZX| (Material Type Ontology)= AHMHE Helst= HMHMEE FHEH, ZEAM
Hofl w2t Molgt 22l (Element), XN (Raw Material), ®Ef(Form)2t 0|2 =¢ts5t0] XY
2 Helgt FEEQ A 7E (Material Type) SefiA7F FoE . o, Flatd 2EH M2
Heo|st7| flst elE(Certification) 2t M =S|AH(Manufacture) SeiAE FII2 FTHSIUS.
¥ 32. FetdelE AMXR 2EEX 2da FE

ELES AM MY QIAE A
Element HESS| B2 E X3 Wall, Ceiling, Floor &
RanMater ial AR = x| & Chemical, Paper, Gipsum, Wood,
Marble S
Form ANMYHEN E X & Sheet, Panel S
. AN 25/oll AMEE= JHE X Eof cff i
NatertalType AR S LS XY g Mol
. ; Wal [Paper, Wal IPanel mBoar
Material Name ANHE (AN 27) 2 K& atiraper, faiirancts, Gzypsu Board,
CornerGuards =
Certification elE57|ee XE Keiti S
Manufacture HzZ=2ALE A& LGHausys, KCC ,Tuscan&

O HE3H, 28EX|= Object Property?t Data PropertyE 7=, 2ASE HIE2E FHolfl
Property= ClS 3% 331} &3.
¥ 33. flatdelE AMXA 222X HASH

Type &5 Domain Range
has Element Material Type Element
has Raw Material Material Type Raw Material
Object has Form Material Type Form
Property has Certification Material Type Certification
has Manufacture Material Type Manufacture
has Material Name Material Type Material Name
has Another Name Material Type string
has Color Material Type string
Data has Size Material Type string
Proper ty has Expiration Date Material Type string
has Tel Manufacture string
has Web Manufacture string
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O dHola 22X wet 27t /=< 2g2 J86n Z22n, gaszdsS sl e

raw dataZb AFRHZAMof w2t Heo|=l Class?l GBMTO(Green Building Material Type Ontology)

of =&zl HSMMET} adg™, MolaEl Z=ZHof w2l GBMNO(Green Building Material Name

Ontology)dlA EZAAHYE oz ME Hst=

[A3E3S &2 Ats 28]

[W3E ~8stH] [’?."JElEE! 23]

1) Ego|E] HOIS0RM Hold AEY 02 2REM HAE.

1) WARYUO| H2EW, 3HE 3 28D 47 SO0 covTUE AT HSHET HAE.
2 EE SEC T YRy £UE E2 E AL RTS8 SR,

2) 2430l = S0 CSV 0| B HHH (sTYE HYET csv HUS AN,
[2EEXE STt Ats §E=EF]

Green Building Material Type Ontology (GBMTO) Green Building Material Name Ontology (GBMNO} = ~ -
)

Ah222 S8 8= raw daa FEER R UBTNEY
'_I:
xmgAM HHBE L
o — T AT
-8 - HH| Paol
|- = -
L S
s — W =
At Aol mat FEANY FE L E e
= £ =

8 33, 2E2X| £ T2 MA

(Ch) ®=3|A} BHO[X[ol CHEt MEH HEHE 47 ZaMA 73

O = M=sSIAF 22, siel H=3IA} 2E MHSI0] As3t ZZMHAE Fesidion, HES
e 2l mo|MH ATl Anaconda 4.1. 1HAM S &2510 Y IAEHE S5 S. M=x3
M il_11|0|7(|01I/\‘| AME 2 HEIL g0, $EE dHE= 1XHo 2 csvtel 2 NMEE Zof

£ dHo|XoM HESZEO 2= T oxlsmdzZ oM A XNEE . E£ESH He|§H Class2t
Property% HECSZ 2EZX|E oo, =2
SIS, MEFZRO| 2h7E T £RE x|sTA 2 2EZXE Sl E=XAHY w2
O HAN, 732 AEL HWUXEZTE &8
HIMLT?=E njetsteny, ZsHdESME S7Hste 2

SME TR0 A8YS SYHUS. C

= O =]
H, gE H(37| "Et), SH, ZFEe, et
(

2t2ko| & 0| x| of A KFXHE“, HI%O, 5
T, MA QIEMY, elZvm, EuRY, AEM, MEHAlY, X Z3|AFEH 0| x| (SEED



O

O

URL)Oll Cist MEE =& = AUS.

2t SAIE ZHO|X|0M =AMOZ HEHEE 8ot 1AM ZE csvild 2 X Est% 20

ZE Ho|Xle] MELZRO| 2AREMH Sfe umd=Z

oA MM=l csv IS K=
A

zio| ‘etz’ ajm z

O 34, 9 382 sdE 31H
Ct2oz2, Ho= (lass?t Property2 2E2X|E HIIYS., REEZX = AAjHu{st
Thesaurus®t Z2 7|52 s, MBMHS Holsts LAED AMEFAMAE FHS= 2

~52 252X2 TE50 MEsAIMe SHOIX2RE ¥ ESS Aoz A4
D 0| MEet EEAMYS TESE AYS ASssE S SHOE B

Sl wAE 9, ™A

o
_,>'_
é

e MEEs 22t &Y

[«=]
2 Mo|ste AR 2EZX| (Material Type Ontology)E Sdlff XA 7E = stz 2l
AMSHA =1 olAl=El XA Redol XMstst Aol olz2] MeolEl XAH 2E=2X| (Material
%

oE &0, =, =AY, Jo|, AE 7t 22 oy =0o £ (Element), HXK (Raw
Material), EEi(Form) Sei2o| sist= st9l Saiael A >
22 Sofl A 7& (Material Type)2eHA2| st Zaia & ‘B9l ¥, XX #+=
HE, XM= Bo|, "Hele AET o2l =S £ 7tXl=  ‘Material
Type_1” 2 QI&AIE . 0ol ‘Material Type_1’ Sela= 7t Metel A HEHeZ XY 252
Xl (Material Name Ontology)2l otelZeHae| AAEHAQL  ‘WallPaper’ & EHRETHOZ JHX]

o o BIHez FFEANYEES FHAFA =

Ir

_79_



O

<& untitled-ontology-6 (http://www.semanticweb.org/user/ontologies/2017/9/untitled-ontology-6) :

File Edit View Reasoner Tools

Refactor  Window  Help

<a| o> ‘ @ untifled-ontology. 8 (Iin, (W w semanficweb orahissr/ontalsies/201 T/ untiHEd ontolo oy_5

uak | OWLViz | DLauery | omiosrar |

Enities [i 5 I o

Object Properties i

[ Class Annotations LUssge
nnotations:

Annotations

¥ @ Thing
- @ Cerification
- Element
o @ Form
i+ @ Location
- @ Manufacture
- @ MaterialName
¥ @ MaterialType
= MaterialType1l
- & MaterialType2
- @ RawMaterial

stemaltypet ___________________________________________lE5:=&

Equivalert To
@ (hasElement value Wall)
and (hasForm value Sheet)
and (hasLocation value Structure)
and (hasRawMaterial value Paper)

SubClass Of
®h
@ MaterialType

value lIPap:

SubClass Of (Anonymous Ancestar) =
embers
#ZEAS502-19
To use the reasoner click Reasoner-»Start reasoner (v Show Inferences
2 35, F25 Mol steiof Al
g 3. =2 z Mol FtHA

2EZX e FaM ZHAIRF FE2 Protege v5.2.0001 ZE&=EO U= HermiT Reasoner
1.3.8.413 HHHU S &Z35IUZ. 2L AAL 21, 2EEXJF AMH2E =28 277t 8l0]
Yooz HolE A=z HolxAF. ot AxfrEel AHAZ HolFE JHE M EZol XX
M3 XYool QA= HE Eeld = US. Ol= RFgAIcz 2EZX9 EaAE ZHX
2 7 U AMESHEYEI Eetsof JUctH FEUY S S5t0] JHE M Zoll Y XA HEO|
lAlEZ olofgt.

Description; ZE

Property assertions: ZEA!

Types
= MaterialTypel

Same Individual A

Ditferent Individuals

Object property assertions
m hasManufacture LGHausys
m hasCertification Keiti
® hasRawMaterial .Paper
® hasElement Wall
= haslLocation Structure
m hasMaterialName WallPaper
®mhasForm Sheet

Data property assertions
= hasAnotherName "MCE/HEA"
m hasColor "ZHa™
® hasExpirationDate "2018-12-11"
® hasSize "106cm(W) x 15.5m(H)"

[ »

<

Iz 36.

=223} 31oi0fA|
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Eheld et | <3-1> AUS7[E 2 S8 AH AlLE i
oA x} celdatE F2 AU E
1ARA T -

<3-1> AUS7|E HE Sg oA AAHE Jfu
(1) b duUis7 |2 HESE 28 Z2MA 57

Moy AUys7|1E HESE 28

of Melst 2ES 7|EeZ MY eI S.
(2) sipMIL HEESE 88 =T Ul AA|

As7|d HESgHe] Tza8e| | o

HOMESIH , Z2HE Al MMslH AMAZZHE SE2A51H, MEHE Ql2dsiH

st
(3) BIW et ALYZT R S

BIM Z7|gt ALjE 7| A

S taoz ods ZZHMEE FHSIUS. AIs TES fIst 2O =8

EMAE Z20 M (AKX S 4

MM gl el (BINEHolMel HMME F

1 MEFIL dEANEH=ZE) - A

£ Sl set=za#o| oist M3 Al
(4) BIW gt ALY 1R Sehele| =203 ASHq}
bate] T2 O30 st A352 MeEdat MSMo| tistod "olsto Zdsigien
F=of w2l ME 2EE=2 A= MAEJAS. A i MEMo| st Wots
2UoM FEE= M2 MEMI AN ZEH HME DB As HEol HMEM,
Hol Zofe MEM o5z2Ee £ ME IRt o F ME R Ao
HeMdoz FE510f 2 ZEe MEMs HESIHNS. F ¢w A=Mo o H
7HE BIM 2HOM HETJL T2 225 £ AlZtnt 7|Z=o 20 EHE S5 EAA|
2ol H|WE Bl EgtZz Yol ASME HSEINA
07|M, 471X HEM HBo st ME AS e szt 25, &AM, BINZH
tish 20 THOAM 2oz AkESH HX D BIM ZH(3D)oA AHs5o2 AHEE HE
of chst H|WSIFS. HlwZE, ZT=IMof| M= IFC7|He] MEFEI|&2 EV|&
of ulsl Metzet AMZEI 255t 7|22 TetE . W, XX DB s {FE ASst
7] flall MAE™ES Sl =rE MEYELYZS Z=2OHo| Y2ESI] EEXMHE
e YyEEFoIFEC QBM CI2ZENN S HISSIUS. A, 5HI Zofe| 2H
stz 98l 7|1 &2 zrdA el SEA|AHIOMe AHZTIE H|WSto] T2
ol Ez 50 st 5 HME 22|
AZ27|E ™o st £ I oz ze|el MEME Holst, o ME
elojo] SSFH 548 MASI| Z2OME Sl AH
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(Ul MACH : 1. 2a°2l5HH

1. 239 3t

ID  User 01

PW  ®xkarkakrs

ID/PW 37| 3|7t

(Ul AAIQH] : 2. HOME=HH

2.HOME ZtH(219! o|% X o)

‘ User 01

HAEe MEYE,
o =FE

= OME | 210k | Site Map
DBSt 95

39 | cC3EFY 20170811 2015 =HE MEets EE
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37 | XY 3&FY [{ $dojzs REX|E 7t =Ag Aot

3% |opEsxy @ =%%F | quoas ESTEY Witz
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BA(z][z ][]
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Al 13.04 | 13.07 | 23.95  23.93 | 23.95 | 23.93 - - 13.04 { 13.07 | 4.00 | 4.00 | 2.20 | 2.20
4
QXb: 0.23% At 0.08% At 0.08% X} - Xt 0.23% At 0.00% X} 0.00%
6.21 6.30 16.77 { 16.95 | 16.77 | 16.95 - - 6.21 6.30 4.25 4.25 1.98 1.98
A4l2
At 1.45% Xt 0.17% Xt 0.17% RN A 1.45% 22Xt 0.00% X} 0.00%
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H# 35. 83A =y A MHE dH[
HiSHH A =THHE FletdHHA 2fuHHA MEHA S50 E =HA
HTE | 207|= 3p7|= | 207|F 3D7|E= | 2D7|=  3D7|= | 2D71F  3D7|E= | 2D7|=  3D7I= | 2D7IF  3D7|E | 2D7|F= | 3D7|E=
2XH2(%) 2Rt (%) 2R-2(%) RS (%) X2 (%) X2 (%) X2 (%)
Al 27.90 | 28.06 | 34.42 | 33.81 | 34.42 | 33.81 3.19 3.19 | 27.90  28.06 | 7.20 7.20 7.74 7.74
=
Xt 0.57% QA 1.77% QR 1.77% X} 0.00% it 0.57% 2X}F: 0.00% X} 0.00%
= 15.43 1 15.80 | 24.79 | 25.03 | 24.79 | 25.03 | 6.80 6.96 | 15.43 i 15.80 | 1.38 1.38 1.98 1.98
Fab/Ach
R} 2.40% &b 0.97% Xt 0.97% X} 1 2.35% QX 2.40% At 0.00% At 0.00%
Al 12.96 | 13.07 | 25.09 | 25.33 | 25.09 | 25.33 - - 12.96 | 13.07 | 4.00 4.00 2.20 2.20
Xt 0.85% X} 0.96% Xt 0.96% X} - %} 0.85% X}t 0.00% 22Xt 0.00%
Al 9.75 9.84 | 26.13 { 26.33 | 26.13 | 26.33 | 4.40 4.41 9.75 9.84 1.96 1.96 1.98 1.98
=
Xt 0.92% Q&b 0.77% Qxb: 0.77% Eb: 0.23% Eb: 0.92% X} 0.00% X 0.00%
A3 10.83 | 10.91 | 26.13 | 26.22 | 26.13 | 26.22 | 4.48 4.63 | 10.83 { 10.91 | 2.30 2.30 1.98 1.98
Xb: 0.74% 2X}b: 0.34% Xt 0.34% X} 3.35% R 0.74% At 0.00% Xt 0.00%
3.30 3.32 14.71 14.75 | 14. 7 14.75 - - 3.30 3.32 - - 1.58 1.58
241
2XF: 0.61% 2X}b: 0.27% X 0.27% R} - 2X}F: 0.61% X} - X} 0.00%
3.00 3.00 | 15.15 i 14.75 | 15.15 | 14.75 - - 3.00 3.00 - - 1.58 1.58
247
2Kt 0.00% QXb: 2.64% Rt 2.64% PR} - Xt 0.00% X} - Xt 0.00%
- 4.21 4.36 | 15.70 | 15.63 | 15.70 | 15.63 - - 4.21 4.36 - - 2.31 2.31
X} 3.56% X} 0.45% X} 0.45% X} - X}t 3.56% R} - XF: 0.00%
5.23 5.31 16.98 | 17.16 | 16.98 | 17.16 | 3.54 3.39 5.23 5.31 1.04 1.03 1.58 1.58
EAE
&b 1.5% &b 1.06% Xt 1.06% DR} 4 . 24% Dxb: 1.5% Xt 0.96% X 0.00%
o= | 2.28 2.20 | 10.83 | 10.06 | 10.83 | 10.06 - - 2.23 2.20 - - 1.58 1.58
I HE
R} 1.35% Q&b 7.11% QX 7.11% L PN it 1.35% 2t 00% Xt 0.00%
2.33 2.40 7.48 7.65 7.48 7.65 - - 2.33 2.40 7.20 7.20 1.58 1.58
231
X} 3.00% Eb: 2.27% Eb: 2.27% X} - 2K} 3.00% X} 0.00% X 0.00%
3.75 3.74 | 18.71 i 18.42 | 18.71 | 18.42 - - 3.75 3.74 1.04 1.03 1.98 1.98
232
Xt 0.27% X} 1.55% R} 1.55% X} - A 0.27% X 0.96% Xt 0.00%
2343 ) ) ) ) ) - ) ) ) ) ) ) ) )
Qif: - Qip: - QA - QA - Qi - F: 3.8% RE}: 3.8%
1.41 1.41 8.44 8.42 8.44 8.42 - - 1.4 1.41 1.98 1.98 1.58 1.58
Ale|7|Al
At 0.00% R}f: 0.24% Xt 0.24% PR} - At 0.00% At 0.00% Xt 0.00%
_ 2.81 2.86 | 15.07 : 15.09 | 15.07 | 15.09 - - 2.81 2.86 - - - -
P an )
2X}b: 00% 2Xb: 0.13% 2RF: 0.13% R} - X} 00% R} - R} -
_ 1.77 1.77 |1 10.84 { 10.83 | 10.84 : 10.83 - - 1.77 1.77 1.02 1.02 1.58 1.58
CH= 32t
AL 1.78% 22X} 0.09% 2XF: 0.09% LN QXb: 1.78% X} 0.00% 22Xt 0.00%
- 106.91 : 108.05 | 270.47 : 269.48 | 270.47 : 269.48 | 107.44 : 107.48 | 106.91 :{ 108.05 | 29.12 i 29.10 | 31.23 i 31.23
Xt 1.07% 2Rt 0.37% Xt 0.37% 2%} 0.37% 2R} 1.,07% 2Rt 0.07+ 2%t 0.00%
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H 105. fitnet JIHIS s 222 ¥ 24HE = £33

HEHAH =2HE = MAPE (%) RMSE

Li et al. (1995) 18 6.46 0.08
Tamura et al. (1997) 161 9.10 0.35
Jinchuan et al. (2008) 28 6.42 0.09
Xu et al. (2008) 11 5.28 0.07
Shibata et al. (2009) 4 8.53 0.13
Hunter et al. (2012) 163 8.01 0.33

input Layer (15) Hidden Layer (8) Output Layer (1}
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