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Environment Reality Virtuality Environment

(¥ 2.1) Milgram®] Reality-Virtuality Continuum

19973l Ronald Azuma’} th&3 #Zo] S4dA] 7H4 545 4o
of wel A SFEL Mdew AEHI ARG A, dd M
o] A oloF sta, =4, drFer F2 B A3 AEo] JhesoF s,
AR, 3akd ez dd AACd A oF drk= AHolth. Azuma®l Aol
Milgram®] “gel¢} A @A7FA Lol A gl= FAALN i dx
A Aozt & 5 Udno

4) AETF <, Zntd SAdd Ve 3
2011, #2690 A2, pp.61~74

FH

Foh B, FHAR

off
127
re
U
e
2
)
of
2
off
o%
M
1%

5) wad, AN Jwke] A% AR G wel Axdel Be A7, AR, A4

sk ojshd, 2004



(19 22) S4dE9 oA ofn~

L
N
~
b
o
off
g
>
E
f
O
2
TR
-
=
il
3
)
o2
5
k
%0
o

1) gy 2=Z&4 o] (Displays)®

HaFdeles 434S 7ds7] 8 AAY e HFH 2w
FAE TMEHSE AAToR HAFE HAE Wtk See-through
HMD(Head Mounted Displays)= 3% oolm, Hi= ®ol| wep =4 3
s+4 W2](Optical see-through)®} H|t] 2 W2} (Video see-through) S = ‘/H:r
=3

6) g+ 91, =utd =734 71$%5 3, OSIA Standard & Technology Review, 2010,
A38A 1%, pp.dl~52

7) Ibid

8) http://mind.kaist.ac.kr/3_re/VRMR/20030110chOsun.pdf

_6_



2) 2 A (Tracking Devices)?

Azt AR} 22 oS JHAAL ARRAReE TP BEAlY fIAE
FAste 7ol AulelA e EdAFe FR F4S5 93 AAME FHsta
o] tje] FhMlgtE ol &sto]l AREALY AE FA kAL, A9 A=
1% GPS(Global Positioning System)& ©]-&3}o] 323t}

Olt

3) 3D =dg

A oA mdstaA st dlolH e JMEEAE 3DE A
s wetm, AdAo R d AA FH3 A s e EAE 3D F
d3g B3 vE AAE dTol os AHHoR VA aFA Hrhlo

4) A& (Registration)

A 73 BAVE AEsHA AA Aol HAANTEE st AAS Do
. A3de 71skEd #HxEol dASIEE StA st lsketd AR
(Geometric registration), F%4 AAEc] dAHEE st FsHH A7

(Photometric registration), AF-&2F A|& o] W3l S o2 WA= A|HAE 3

A= A 7+A A $H(Temporary registration) 5o Atk T3k AEA= 1
STEE B ArTE ulg =3 g o] teFstr] wjiEed FiE s

Aolatz]7b ot olefdk oy o] FUELS AA FH S ol ¥ (Static error),
549 ofe](Dynamic error)® FREETH A A9l
(Viewpoint)#} F® 749 =450 1 Aol ®HH dS A5 TAsh=
el & watH, 4 dls AFEAY Aoy EAE FA4Y W RSt
= gl g =3t o] Ze A s 34 54 AdUs

Ao A -

n:ol'

Fl[‘

HE A

¥
= %

5) 742} R A (Calibration)

nge APHYS AR F, Adete 94 - 4 el shete e
Nibotel AaEAS SAE WA HAE Bath A 9= Ads

oF
%
PN'
Y

9) http://www.ar—vision.com/tech/tech—-senser.asp
10) ¥FA<d, Op-cit



Z - EA2G 2L dFH BHANA dehbs B9A - /)8
ea dAe dueZa ARE AA A Hed, o AP

foz wAstel & o AN

Zhrekel 34,

dx% gH;l

v
20
29

i~

o
_g

o
K
o
(22

S~
ol
rir
to
)
off
o
BN
[

o] ek AAFO R AHEHojof st FAAAY AdHE YA =S
deAew w387 98 das yAd 4 Agris 9A a5 iy
Hojof gt gk A3 ]—’:“%ﬂ T4 A Fag 94 F syl AREAE
Aol ~7]&  olgtx &  dedl FEFstaA g AE="Y
GUI(Graphic User Interface)’} &2 o2 FAER Ha 49 A" E
T s "o et SAAA Al =gl dojA A

o] Vles TE3 HE
S T4l 2EAR] GUI el AA B 35 94 AL dd =
A T 7lE8s T oshelthll

Aolth, A= Eokll X S4

A0 wa) 7 L A4 Rope <E 2153
Zol )

Az, adae, 24, A& ﬂ ojd % xﬂ(ﬂ o] X

13 A 7€ o] 8% 3D TV Helzx AZ7|yel #ad A, AAdista
%?ﬂﬂ%i}%, A AFSE9] =3, 2003, pp.6-7

_8_



Feiner(1995)

Architectural anatomy: 943 ¥ AZFE9 F =%
Adr= gggor AHst AFES WH T+
x 2 Fxd # FF ARE 95

il

R e Ll A

A% AA 429 wAg AAse AwAelaL
Adsele AR AN G4 BEe ANG

=

g a=153 3
(NAD (2010)

SARA: AFE9 Ax, 594, 3D Ed, 4
2y 7et HAE 4R AT

Changhoon(2003)

45 AE dH=S yAE 2Zd

o] % ¥(2010)

rek

1>

to

o

oo

%

o=

o,
|k

uj

|z

o[

)

)

o

4

M

7474 7(2005)

B, x
e

>

Qi

o M

N

A= 2.(2005)

Job| X Y o2 |do o | o o |riz
>
oo
N OI:O
=
u
I
)
=
mE

Lol (mx 1o & p

%= E(2006)

= o
Noﬁ

jur
=
o 1o
of
oy |
(et
i1t
N
N
3 [1.]10
9
oo
ofr
ol
s
.
i e
>

N

F

o~
g
o

oo oo px b Ok 10 M| ko ook ofN| Kl ofN
w
bY
Mo, o

=

= Wy SAF AHAGS 4D CADel 9fs)
) 9 3 Sk

3]

QFA] 1(2010)

BRE e
dold 2/ deleg Fgstel Ay =
T2 8

AW 7 A S AARE Aol HA

2 & (2003)

TAAAE BEael AeA Aol OAAET
24 AHHE L Tl £ At

Wang(2009)

AFAAGA N ARS HEA7171 919 ARH
Al g7gol g AT A

Dunston(2009)

AANAED 7401 ARAES 98 744
FAVAE dFow 3DBANA F5L WA
S AA BHANAY FHIRE AW F
AEY

Malkawi(2005)

A AHES] S

Y
Hy
e
o
Mo
1

e FAAAe o8 = aE
AR AzWe o F95 Azwe] e T
A3




=
=

3h

[

g7 o]

=

=

Pk ole #dd AFE HAHHE Feiner¥}t Parks 715
zéi

§l_

9

Fs

o
[e}

t}

§l_

(E %)<l ol

1) A& AR 71A 3} Hof
=olux}

A

=
=

Mo

o
0

_—

el
=n

<

w
g

A7 Ay wp QU o

1

A2 AA s

].

°©

2 AHH

o

=
3L
[}

d] o

UA"E gue A%

AbgARON A EFH o= A

=
=

i

stk 3 Kvan ¢

S

=

o= Changhoon <], Kaga ¢|, ©|

FE An

I A}
CAD
CRE

=]

—_
o

]_

fie)

3 A M

3]
2]

3 A

2

]
)A
<
_@

Mo

o

3 2QEE A

o
ANz o2 AATGozN FHA 7F

TH

=0

o

H,

¢+

w
<N
]

oy
)

WA, AAA, AEA, AR
_10_

1 AR Navi X& 7]

-

L

o

5]
F71

H

9

°

Ris

3

ol

51
=
A]

S



S ™ol AY DA FHEAE ol &t AR FHE A2
A skar, WMAE, Wang €], Dunston €], F492 A% z7idAel T4
A7les Z8otol 2A AE s rtede FAsta 2R AgE 9
Cig o Sl i< ] S TR o)

2UHE 7 $4d4d 7s 0

i o] AdE EYE AdE A&F Ao Ads Fdstazt skt Malkawi
o= AAF floll AR S A=A Q1AE ol&stel dE W s
31¥S& HMD(Head Mounted Display)E &3 vlg] #+alz A4 235 B
FTE BoR, AzEe] HAAZE JHr A|lFo] ofygh= SWHAAA A 9l
o Ed A9 e ZEloR S84 AEAEW-9 &2k, 5 T 5)
of 5 #d AR(AUA ¥E, PMV 5)E 7FAgsta A=A Y 7|es
o] g3alo] o]F T Al~dl Ao AEE FAstaxt ATt A FHAAES
o] g3 1 A Aol did AT vFe dAHom FF FHHAS o
43 874 B4 E LS S dEsRE ofyEt vl Esrel AALE-Ate]

o,
%
Ll
il
K
>
>
juit)
2
2
rict
o,
o
-
e
et
-
32
o
=)
o
fr
N
=
)
i)

_11_



23 THILE ol &% oA A

A A ARE AFee Aoz Ant
olde] Fel= /staAt el o], Euld opE

= 1L % = =
=90, 2ZEd], FATAYE T dxeprt FHE o A FAE
T

AN o Ze oAl Ade (17 233 o] mulal 7)71% B3 9
£ A% 5 AAARE 530 o8 AANARALe] AEae] P9l
o $7}RR DBlA AR(EM] Fob ARE dAgetel Avlas Fa <
A ARl FARRE AN,

| 2smpam=ns ‘

o) 95, ZE, Y, 7187

) HoPEE Ha \

o) H=2 o HA] 44

(79 23) Zukd T4 oJEFg Al Mg

_12_



e FEoFE UFolA =)

=
T

7he
—(:5_]__

3

[c]

=
[6}

A=z olvA A

gt

g

s

i o] ol

YAl dHE RS ATTFo=n AL

SA7F E5A W A=) oldA

3

3

@.

R R E B L

3

3

st DB)ell ¢

Data-Base(©]

=]
=

2 ogd o]

[}
=

It

Aol o] of =27

L
= &

(19 24)

1
i
1
i
1
1
)

. S S S N S N S N SR R S SN S N NN NN NN N Ny

o

41l

Energy Consumption Data

Energy
Factor

consumption
ctor

Building Information

Mobile Augmented Reality Application
g buildings

Low ene! buildings

S USRS S ——

CE 1
consumption in utmgs

"

e o1A T

(19 2.4) °

_13_



24 &4

Fihe] Rofol

(Virtual Reality)®] @

1A

A R A&z @aAA Auslel ARHZ AelH e

(Augmented Reality)

gomA A

A

==
K3
EE SRR

=
=

ANA BHAFARE SHALL APA AN THEe] =4

7HA ™,

Kol
=

Aol 71Hgd

oh

I AFEAFA A B

3

Fol ARE AL Al Hoof 5=

S

AsE Bs

ol

H]

glel,

.

t}. ol

JRI7MASE HAE

=
=

= A
Al e

oM FE I AN B

=%
[}

;

o

il

_14_



I

1=
™

Al =

al
=

Al 3 F AeduvAdet A7 H

e X% X ® T o

R G I TZ2rE
= TP LT _T T aa
—_ R - 7z o T KX i ®
< < I i %
do &%Wi%%_ﬂ%w ~ARE
GER R RS S
- A B 25 P
@.%;aﬂﬂﬁdﬂm %%ﬂ._ﬂmr
W =4 -TEF A Sz
ﬁﬁﬁﬂuﬂ o LB
= T g Moy o e
R @W%H% o TR W
=i a = = X 0 o 2w
T wE Ly . FE R
JoGg T s S T2 I
z a BT E o &P
> W E o T BT o ™
K LTLEr FrEEME vE T

L lare ) X
- W = Wm_..o %o ‘W o ) o fo N X B N
Bocn S Pae®x 7 Ty~
~ chsTeyTRE M T E W
= 2 X < q % T 4 5o E
. I TR B B S I )
o ol B A oo W o ~ o < oo

xX ﬂooL EBTLI@.‘LZ UT.: G
~ 3 ol A= P GBI L
b W L mFEzcTEE R OBELL 2™
BosxetTiive r BEL{ Ly
< =T gy Ty TN B g oA t
or 4T ey Pom W sl wm gL
X @ wer®T P i c 2w &7
X HN%&%%?WH T EEE

—_— . ° : _
~— N JooE o W K = mm B3 m il
R A s P OS2k
T a & on_dﬂ]]ﬂrmu o R

— ~ — = !
— Te¥cdeiet N
o ol S I ° gz o
e

o

.

2 Aol 7}

_15_

(2) Green Homel2
12) Ay x &8 &, http://www.kemco.or.kr




SEE AZHYo, 44 A% AEE A WRE FEel B 5 U=
3]

2 AAHA AL Passive Design £472% 2719 ¥4 437589 2
AAF T 7E AEAA dHOE A8 HE olUA Y 90%, YHOoR ALy

= dluAe] 50% o= Axd =

(3) 3L Houseld
3L 3F-2= A B E29 Y oA oy XA AuFge BExE £
o2 3L/m' - year® 1A% AoR 3H SH¢A(FAIE 5 2)EE &
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¥ F4% Ba Assd sa, o A9e we WaRE Agss] A4
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o A% TEFY ANE JEE AZE
o (F AUALRES) A7 BW A G 12 A &L FHEWh/m' - )
1 40% 0] %+ 3000] 1t
2 30% 0] 40%w] Tk 300017 350m] ¥k
3 209017 30%m] 9k 350017 4007 7+
4 10%°173 20%w] vt 400017 4507] vk
5 0% 0] 10% 1] 7k 45017 500m] vk

o}) SAP (=)
SAP(Standard Assessment Procedure)t™ G F-o] FAAE oA
TS AAShE Ao Z 19959 FH Al E AT A7 =
o] Fom Bpo]do] EFe UA EE&E FAHOITER dre] WP A
Ayux w&S Akt 2000@FEE 9, CO, Hj
SAP2012¢ = $71=3 A, HFAdA & B2 olyA
o] At SAPE cdUAlan|Fo® A& s HUbeke= A
ol HlF o R H=o] A= oAYAHIE EE wjEsts COde Ab=3t
of 4 A3z A= dUuAdss Htgt AdE AyAHE Azl S
g3l SAP rating®] A% 7Ee W 2 SO YA A QT =
w3t ol | x| 8]-& A5 (ECF, Energy Cost Factor)E 3}al, o]S o] &3}
S &S El ratinge wg WA COMlEHo 2 A&t DERS
= s

Y

o o EH
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=389, DER& TrAlst] 9% 7lso2 ieTHe CoMzes 246
4], o]% TER°|&} st At&W242 DERY &35ttt
SAP-O/] %T;L% Zj%fj/] @iﬂ 01]1:1X] H]—g—jl]- Odjﬂ.g]oi %]\E‘Eﬂ, - };]'% /;]'(1)

3} zro] ebditt.
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_34_



ECF = deflator x total COSt/(TFA + 45) ............................... /5} (1)
o17]4, ECF : Energy Cost Factor

TFA : Total Floor Area

deflator @ ANHALE 744 F=H4 A=A}

Z}) HERS (7] =})
HERS(Home Energy Rating System): U=pollA] F=2 A}
AqUA && FBolth 7IE FH Ag AFAI}E AUA &S =0]7] 9
AL Alat FEe A A A

2 g do] F74 oA S0l o]&Hrh. HERSAA
=

ofo
)
rIr
N
o
o

-

A a1 b =
FE7] oA AFES onstH 1302 7]E FH, 02 HERS A4 02 A=
ANUAFE S ougt}39) = HERS 702 #+ AFFE MU ofux] 4|k
< 30%= =0 As ogr|gr

HERS Index = TDVRated_TDVPV KLO0  weeeeeeeee e A (9)

TDVReference K

o714, TDVRated : H7} thAF= 9 TDV(Time Dependent Value)
o 1 =], (kBtu/year)
TDVPV @ 34 o PVt 7|8} AR JAA 28-S Fal Aty
=TDV oY A (kBtu/year)
TDVReference : ¥+ T8¢ TDVel Y | (kBtu/year)
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Energy Star Home
[

Standard Home
2005 and older
HERS 5¢o

Net-Zero Energy Home

110 100 20 80 70

el

(¥ 4.1) HERS Rating Index

uh) 71

oAM= duAdse B7Hsl7l $l1@l GRE Energie Pass¢t EnEV
Energie PassAl®2E& 93t Ath A=Y dUAaE&swS 0 kWh/m' -
vear5-E] 400 kWh/m' - vear 7F* 40 kWh/m' - year 7+2 0.2 A &35}o]
10 A= Al Z3ksto] 5= Fofsta 3l

7ol A= NatHERS(Nationwide House Energy Rating Schemme)s 3 Al
L5 w95t Ao o= AsFHol tiste] 10949 TH = sk Al
T2 g9 BE FEHE QYo RE s5E 7o o Aol 01]‘4741 THE A
AHE GAAT AR v FM]/m)S ALkl AAE o 1o
MIshs Tws G5oHA ®rhd) 1GA 7L oux] Av|FFo] We AES 9

Mkl o7l kold4E AoluA AEL ouat 1 9 mga Ju
A, Az, FAAE 5o oA AE oA st Besel BB o

(2) A= &&= oA &M A AL
AL oux LHE Hrs7] Yeide 7€ A5 duA 4H AEHE
ZA s opgttt. &9 ko wet olyA] Ango] Gl A R AL i
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<3 44> AASPEE AdA G oy A AR

(&9 © Mkcal/m’)

LI i 5§ ot E
3 210.8 180.8 1254
10,000m* ©] st - - -
10,000 m’-15,000m’ 205.7 - -
15,000 m’'-20,000 m’ 7285 - -
20,000m’-25,000m’ 610.5 743.0 -
25,000m’-30,000m’ 5514 660.6 -
30,000m*-35,000m’ 432.7 596.2 -
35,000m*-40,000m’ 3644 - -
40,000m*-45,000m’ 2716 689.1 -
45,000m*-50,000m’ 322.3 2716 -
50,000m*-100,000m* 213.6 350.0 184.5
100,000m’~200,000m’ 1979 172.0 1472
200,000m’ _°] 185.2 160.4 108.3
<E 45> A5AEE AuAG olyA & EF (29 0 Mkeal/m')
ASdE b e ETAc s olutE
B3 210.8 180.8 1254
19619 o] A 121.3 130.8 137.6
1961 - 1965 104.9 2187
1966 - 1970 154.8 -
1971 - 19754 226.8 164.9 204.7
1976 - 1980 166.6 182.8 155.4
1981 - 19854 2158 136.6 142.7
1986 - 1990 189.5 250.5 146.9
1991 - 19954 236.2 27177 135.0
1996 - 2000 238.5 157.1 107.7
2001 - 20054 191.7 168.1 67.6
2006 °] ¥ 256.9 152.6 63.9
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ol A & el 23 g
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42) U.S. Department of Energy (2007) Energy Independence and Security Act of 2007

43) M E (2012) IBS ZA A A~ T2 a9 [CIBS, ol yA &)z

44) Kamimura, T. (2012) ,KAJIMA’s approach toward the realization of the Zero
Energy Building , 2012 GREEN FORUM
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A5 oEFFANA FES A% AR HrlEL
Case study

5.1 Case study 9 &

g % A& DBHE7IE AAste] oduyA Hrirds A&l e
B AR A" C U AHAz AAsEr g pAuss 7
“ FAAoIY, ZsAl AelE, dTE

il 5
2 pAEe] glon, dux thav AR fPAB] g 9
e

Case study®] o4 A4 ALF) oA Aol AU 5o = AT
2 972 Adsgt 9¥ Avel AYe ATURN BA AZsy
st M AZse] A% 2

= A A
A7) WEol. Bt AR At FL<E 5153 2o

E_ (e}
a% A7 SERS ole a;f o}se
2007 216 242 356 181 139
2004 225 243 397 179 155
Z7H& (%) -4.3 -0.6 -104 0.7 -104

#Z3] 201 1 ol U] A 2 AL 3L A] (K] 2] 7 A )
#2004 ¥ 20073 FA WHS A
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<X 51> Case study WA A& e

A=A | dd4 _ ] &7 A o]
AT el < = =G i RS
E?‘ (mz) (mz) T - Ho]—/}—} ‘/g el ]
CASE 1 _ o
(o)A 786 10003 | 135 | o956 A R
w3 ’ A 511% W]
(CﬁzENz) 1,379 7,361 A44% | 19744 7N EHP
(e} =
CASE 3 A6
(94, 1,228 3,707 S22 20059 A GHP
A84) 2| sl2%
CASE 4 A5
(CARIESN 813 9,122 2 ?_)‘jH o] 19614 A 7} e-E 7]
A94) °
%ﬁ;};‘? 858 3674 | #4635 | 19914 M EHP
(e} =
CASE 6 A5
(F94, 641 14,258 S0 | 20099 7N EHP
A7) A
. S71ndy
2| A 7=
CSZEJ 3,163 22,145 X]] _;71 20 19699 % F4a7)
e ° EHP
S 2= XA
2] AF %_ -\ T
fﬁiﬁf 2490 | 11,894 X]] 2}71 o 199w | F% 4]
eTr= ° (F.C.U)
CASE 9 A5
(FAH, 1,777 5,299 doas | 19914 7 GHP
7o) lere
CASE 1 i
2|35 715 A7
pAS ] oo, = Z o}
(65 j}] ), 767 35,119 a3 2007 9 (FC.U). GHP
o =
CASE 1 2] 414%, B
(Aol A)1 3,733 1616 Z];}S %’ 19614 =9 GHP
CASE 12 i
A AF10% EHP
AT e d ! !
(iﬂL ;Lﬂ), 2,847 19,164 A3 2010 A dpet o)

C s Wl 12709 Aeate duAav®d B7ks <& 52>9 2k At
A & oA v e e 182.96Mcal/myro 2 w5 &

O ol
vl 2 HF 180.8Mcal/myr#t AL Ao & FALE AT 1270
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o ANAE, e A, REeH A, 1SS
Fod 2MAR #H7E HIAY AEE2E 75.60Mcal/myri-E
376.12Mcal/m'yr =9 o]&dso] wel HAF F AoRE YET
o]

Aee e 2 BAAT 2ol 4d8 7IAA ] A om oA Lu Fo] B

=l
23
AeE Q) geaRe] oy sl SR wE AL

=
Aelo] Malmz AFANAN asurhs Qo) Agdee] wel W %
Rt mebd, 72 ARl ARAR re WE o X 2y

A 2] = HRIHA G AH|RF
(kWh/yr) (m/yr) (Gealyrl) (Mcal/m'yr) | (Mcal/m’yr) (Meal/myD)

CASE 1 523,311 64,028 1,122.26 458 66.61 111.19 29
CASE 2 1,122,949 0 X656 122.83 0 122.83 e
CASE 3 626,700 8147 1,394.39 14535 230.77 376.12 2%
CASE 4 360,201 36,187 639,63 BDH 41.66 60 e
CASE 5 979590 0 342.30 22927 0 22927 IR
CASE 6 1,808.265 4500 1,602.08 109.06 331 112.36 e
CASE 7 2,744.902 2713941 523657 10658 12989 236.47 a2
CASE 8 832,000 134,444 2,170.05 63.76 11869 182.45 BHE
CASE 9 409,083 0,670 119878 66.37 13083 22620 IR
CASE 10 | 253/821 236,419 469721 63.07 70.69 13376 S
CASE 11 47067 26,102 31454 2505 169.63 194.68 HE
CASE 12 | 2538257 147,373 3,72092 113.89 ). 75 194.64 HE
AHEIESE | 14618146 | 1085143 | 9224166 B 8.32 18.56 -

512 A& DB% 7}

At AEE ASdEd wek sl EW StEojRr) Fojstng, A
Hogdol sty meba A= DBE7FE] Al
! DBY5o] gold dEs AAste] A
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48,800
3,600 7,200 6,000 6,000 6,000 7,200 7,200 3,600

T ]
ET?L&J\:@M

6,000

18,200

16,200
3,000

7,200

14,400 5,300 3,600

5,500
45,

717 dlol B &= 1986 H-E 200571419 A5 & vtgom AAdH o=
Fol Uyt A AFstil de= ENlm AMZEF7]EHOIHE A
o} 2 AFo A o] &3t e-QUEST(Quick Energy ESTimation)= DOE-2
ol gt ATAUA A ZZa o 266 3D Modeling 7152 1)

A7 ZEaoltt e-QUESTE= AHEALRE st E33 =
sk AlEEl ol AAA] 1eE S Ao,

ofo
ol
il

o & r& IS

(2) A= A5 dyiAanF 24

AR AZ uAznFe Cojste] By RARYE 2] we
ARE 2AZ BASdGT duAzuFe shash AP0 hre] R
Ak UAAZOlA L@ F oluA i ee 1,267,750.84 al/yr ST
T TFARE S 847,035 Mcal/yr= A oA A& o] 67%F AFA gt

A gee YAAge] W A A0 GHPR AMgehal 913011 LER
Zo] B/ U o W - why|iel 79993 129 ~3%0] AH 2
o A8 e e,

e

66) AEE 9, A% oUA A ANE BH A% AUF 04 9 sEgz 2y
AlzEle] A A Eﬁl*ﬂghl =E3 2009, A214@ A2Z, pp 71~78

67) e-QUEST Introductory Tutorial version 3.64, JAMES J. HIRSCH & ASSOCIATES,
2010
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2 ThEAE _ 300
(Mcal/Month/m’) i
1 258 £ 250
2 19.2 5
3 147 £ 200
[}
4 74 s
- 33 g 150
=]
6 10.0 E— 10.0
7 14.2 =
s
8 15.3 9 5.0
9 9.8 é
10 2.0 0.0
11 94 1 2 3 4 5 6 7 8 9 10 11 12
12 28.2 Month
A 159.9 B Gas consumption

(19 53) "dddEe] A5 7taAE

ZAME A HARS S 420,724.84 Mcal/yr= 7 A OHHX]/\} 29 33%E A
G el ALBe e £a A AMEe Ao oo
7 g Aa NFe A9 Ayt

rA:

) AHALE
el _. 9.0
(Mcal/Month/m*) | §
1 54 H
2 78 3
3 77 >
4 53 S
5 6.4 ,E_
6 56 £
7 6.0 5
8 58 2
9 6.6 g
10 8.0 n ‘
11 6.7 i1 2 3 4 5 6 7 &8 9 10 11 12
12 7.6 Menth
3HA 79.8 B Electric consumption

(79 54) AL A5 AL
Algdolds T3 tddEY T A LH =S 1,336992.04 Mcal/yr &
2 724" 833,602.04 Mcal/yr, H#AH] & 432,837.48 Mcal/yr &= e

ot
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(29 55) HAAE ANEHoA ndy
o] nj %]

<E 57> dAAEY Az U A a0 F
(&9 : Mcal/Month/m’)

T 7} 7] <)

1 266 6.9 35

2 186 65 %51

3 19 74 2.3

4 6.3 6.3 126

5 57 70 127

6 127 7.0 197

7 135 66 20.2

8 146 74 2.0

9 86 6.7 153

10 22 6.7 88

E 199'%39 222 ég:ezs (24 56) W *&Zﬂ%? S RERA ]
4 | 1573 817 239.0 T S
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30

Energy consumption(Mcal/Month/m2)

1 2 3 4 5 6 7 8 9 10

Month
mItA mHE7|

(2" 57) A EY] U dE An g v

£l

H 2] 9 A} 0.1%0]w Az ZbxZneke] ¢ xp= +1.25%, AzF
o] k= -241%% YERdT A= 4w Ao

aulgato]l7F 10% olulo] 7] wiitel] A& 4 =
o7 FuHETE6s) (¢ @ Mcal/Month/m’)

2 A | AEHR 400

2Hg |z

S 350

T T B 1 e A /
3 | 224 %3 2 N, [,
4 | 133 126 T
5 10.2 12.7 5 200
6 15.7 19.7 g
7 | 202 20.2 e
8 | 2Ll 22.0 2 100 V
9 | 164 153 g,
10 | 100 8.3
11 16.1 16.2 &0 b
12 358 266 1 2 3 4 5 6 7 8 9 10 11 12
?j’?:ﬂ 239.2 239.0 ==AE|0|F K| AHE -B-dZF OHX|AHZ

(2% 5.8) A= gtk Aol A3 oy A4 Bl - 24

68) Acceptable Tolerance for Monthly Data Calibration, EUMMOT
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R EN EREEESE _ }-
1 5.8 26.6 Exo A
2 19.2 186 f \ /
3 14.7 19.0 2 200
4 74 6.3 I '< \ //
5 3.3 5.7 T 150 = |
6 10.0 127 g \ /
7 14.2 135 £ 100
3 153 146 5 ., w /
9 9.3 86 g > A4
10 2.0 2.2 ¢ V
11 94 96 ol e
12 939 199 1 2 3 4 5 6 7 8 9 10 11 12
?j‘lﬂ 159.9 157.313 ==Simulation 7J}AALH|ZF  -E=AlZX 7JAAHZ
(2% 59) A= %3 Aol A7t 7hxsu g Bl - B4
o Az | Ngdela 00
Zev) Zom) & us
1 | 54 69 . -
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3 77 74 Se0 —
4 58 6.3 2 50
5 6.4 70 ,3 w0
6 5.6 70 E
7 6.0 6.6 £ 5o
8 5.8 7.4 3 20
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11 6.7 6.6 e a— T
12 76 67 T 2 3 4 5 6 7 8 9 10 11 12
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mmvtA o EH3H -9 Performance Rate

300.0 30.0%
245.5
= 2500 239 20.0%
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2 E
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o
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=
[T
50.0 -20.0%
0.0 -20.0%
5 = ot

(1% 516) F5 ddFs swol W AuA v
)

FEAu st BE ouAivFe] At EERY 57 4L /FO
2 Bd Fe EERYgM 67%39d, 57 st 76%F g B
Aol AE RS slol FE FWAN s meleha ehskeh whebd oy

A £ dAbel oF AAS F kA ZwelA BAE A FuAu &

UrlEdo]l Fole weo] ZuAu 30%d w oA in g did

<E 512> FHAule] mE s olyA v Ay

- Z}H 2 H] = Zijh= A Aedzte
°n (%) (Mcal/m'yr) (Mcal/m'yr) (Mcal/m'yr) (%)

3 50%©] 3} 157.3 81.7 239.0 -

% 50~70%w] wF 173.0 81.9 254.9 6.7

3 70% 0] % 175.0 82.1 257.1 7.6
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ABSTRACT

A Study on Development of Building Energy
Evaluation Application by Using Augmented Reality

Park, Bo—Rang
Major in Architectural Environmental Design

Dept. of Architecture
The graduate school of Chung-Ang University

As each sector all over the world is feeling consciousness of crisis due
to environmental problems caused by global warming and paying attention
to them, with the energy consumption rate of 252 in the sector of
building in South Korea, it is essential to come up with measures to
save energy in the sector of building, in order to cut green house gas
emissions and, by extension, solve environmental problems.

As interest in building energy conservation is rising, it was limitedly
focused on only by experts in the past, but has recently become the main
public interest. Due to the fact, many methods for easily understanding
and approaching the issue are emerging.

The development of IT technology which has brought significant
changes to every aspect of our lives owing to recent technological
advancement and widespread use of equipment, also had an influence on
architectural technologies; and the IT technology began to be introduced
as the concept of augmented reality which is expressed by piling up
information created by a computer on images in the real world. However,
since the analysis of augmented reality is at an early phase in the sector
of architectural environment, a new evaluation method of building energy,
which especially ordinary people can easily approach is urgently needed.
Therefore, this research analyzed design methods for saving building
energy through case studies of green buildings; in particular, developed
and suggested building energy evaluation models applying the augmented
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reality technology. In addition, through case studies of mobile applications
to which the public have easy access, I verified the validity of the energy
evaluation model of augmented reality.

The outcome of this study can be summarized as follows.

1. Technical elements to be applied to the building energy evaluation
weree found out, including: architectural planning, facility planning and
new & renewable energy element technology. Among them, I intend to
analyze the level of energy saving on the basis of element technologies in
order of their importance.

2. Methods for developing building energy evaluation models are divided
into two: an evaluation model by energy consumption; and an energy
evaluation model by building database(DB). The evaluation model by
energy consumption suggests evaluation criteria for energy consumption
level; the evaluation grades consist of 5 levels in which ’'good’ refers
to the current consumption level along with excellent, very good, poor
and very poor. The energy evaluation model by building DB set
variables which are Thighly significant in energy consumption,
suggesting building orientation, ratio of lateral to longitudinal length,
heat transfer coefficient of skin, heat transfer coefficient of windows,
window area ratio, external shading devices, lighting density value and
heating & cooling systems. The evaluation criteria were set with 3
levels. To evaluate the performance of the variable levels set, I
judged that it is needed to grasp the increase and decrease ratio of
energy consumption in a model to which variables of each level are
applied.

3. Through case studies, I evaluated energy consumption and building
DB; and analyzed the performance of each variable relevant to building
DB. I used e-QUEST as a AlEdo]A program. When I listed the
variables in order of significant influence on building energy consumption
according to the results, heating & cooling systems had the biggest
influence and were followed by heat transfer coefficient of windows,
window area ratio, lighting fixtures, building orientation, external shading
devices, heat transfer coefficient of skin, ratio of lateral to longitudinal
length of building, in order of influence.
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4. The processes of applications using augmented reality, which were
developed based on the results, are made up of building information
loading phase, energy consumption evaluation phase and building DB
evaluation phase. Applications in this research were developed for
smartphones using Android operating systems. Furthermore, as a basic
development phase of augmented reality applications, they were developed
based on created programs and energy evaluation models.

To further generalize the building energy evaluation programs in this
study, I suggest carrying out additional case studies on various building
uses and researches on the reliability of energy evaluation according to
the level of securing building information. Afterward, this application can
be extended according to objects of energy analysis. Additionally, if the
accuracy of evaluation models is improved and methods of energy saving
are invented, I suppose that it would be easier to provide building users
with the energy saving level of a building.

Keywords: Augmented Reality, Building Energy Performance,
Energy Saving, Low Carbon Building, e-QUEST
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