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2

oo A= H[G)ol ZIEHRith AEetEolA= AAEA FAE ollo]
(agent)et o, AJA®lE €7 (environment)ol2fal bt} ofo]HE=
o] AH(state)E SAHSIAY #5dILL, dF(action)= A=

gttt @2 oo]dES PFol wet WiStsta, olF Wriste] HA
(reward)= ZHEH. oo]HMES AHEA(EE)S EAt FH(policy)el

o715t o]Fofx=H|, 5 Il AT dETe A"ty 5t HA
4 WS

Z__]'

: 5]

noem, 719 FHHA o (optimal control)2} Zo] FFof theh EAA(FHA
Edl

ol

Decision Process, MDP)o|™, 11 §-8°] A BE AHHo| 7|dtgt 9JAA
AubE 94sto] Frolx] 1 It (Sutton and Barto, 1998). MDPoJA= Af
g, 35 =D B 5 ZF 949 BAE FEHoz FHTE ofH AFH(s,)
oA WE(a)= FAMS ™, th= FH(s,, Do FEE=TSE Aidoeldt

T, plsiiy Ispa)et Rk 4714 AB5(e)e AA, (e, |s)ol s 2AH
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% 3-1. 23 x AA 14 (Markov Decision Process, MDP)
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getotse] ZEe Wk (return)2 HUislste ZAo=® olE SHEACER
A3t (value function)E =Y OHZ} o™ AreoA] Ao

et Pe= 2AFAS wl, "] Z8igS AE 7HA (state-value)2hal 7
o (A (3-2). 9714 r= of® AJH s, oM AlZfste] ZA zof whet A
Sk MA@y 5,4 10@4 18,4 90@ 1955 pap) I Th RHH, o e 5=
Adget o], AHHo wt AdE= HEel Jhigs ds 7HA
Slas ofdf, 7HA Rk 9 AA =

(S 4 1@ 1S4 901 gy S pap) I (A (3=3)). AEHA(s)lA AT 4
Fe= Be WBE@)ol e FFs 7FA(Q (s, ) Bdgtel dH 7HA

Vi(s,))ol™, A (3-4)9] BAE Z=tt

_4

Ol

(action—value)2} 12

T
W<St):E;~p(r\st)[zykity@k’ak) | st] (3_2)
k=1t
T
Q(spa,) = E i) [ Z7k (s @) | spal (3-3)
k=t
Vﬂ(%) = E;l ~nla,|'s,) [Q”(sk’ak )] (3-4)

TR
ol
off
N
=L

A Al AH 7 2 BE THAE v Al AdE 7HA]
e 742k 4 3-5 H 4 (3-6)9 AE w2y, o5 @ik Aol

W(St) - E;z, ~n(als,) [7(81" at> TE ~p(sip1 | s0ap) [7 4 ”(St-i-l)] (3-5)

St+1

Q”(St’ at) - T(St’at) +‘E;Hl ~p(s;51 ) Spay) [‘E;HI ~rla; | s,41) [7Q”(St+ 14+ 1)]] (3_6)
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39 RS AqANE AAE A7 ARINT O, 12 2482
o ANF4E HA ARse Dok A g AAGLe A4 A5 7
]_

—_

Ao Wt g ale Zk7F A (3-7) 2 Al 3-8)= A=, Hé]‘i'} 5‘4—1
g Aloletarl ek, Hlgk WA o], AR AlRe] A TA|et v Al
9e) A7 AAe) BAE ekt A2 e AARRE G-T) 23
s 7HAE (A (3-8)) Ateloll= A (3-9)¢ #AIZE Slk ¢, XA 4
A A (3-10)1F Eo] & 4 3

V'(s,) =max [r(s,a,) tE el sna) V(5,0 )]] (3-7)
Q*(St’ a,) =r(spa,)+ E s spa) [ymax Q" (811 1@ )] (3-8)
V'(s,) = max@ (s,a,) (3-9)

a

A G-8)i A (-9 A (-1009] U] 4 (-1D)2 =
. =, #H7 AL o@ Aold W5 A7} M 2 BFe Ao
Aolth. wlgt 2114 fajo] wat, 24 Aoz Ygd AL e

fistels 27 A@AT} =

39

7 (a,|s,)=argmax [r(s,a,)+E o sy 7V (5,00)]] (3-10)

St+1 ™ PLS
2, r+1

7 (a,|s,)=argmax Q (s,u,) (3-11)

a
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A Y AES] FA{eRl J0)o] gk "A5tr] e, J0)E 6
T 025k, o]lE Ao IHHAE Aolgt gt (4] (3-13)). 1Y
AE oA grgtat H=AH F(Y 7 (spe,))S e Al Ofgt Aoz, &
A A ol ] ks A esof ghrh. o, A-RAQl ZA oA A H
Hifoqt A7ta& A85t7] flsh A 3-14)9F Zo] IHHAE A& HA
Stof o]g3tth A (3-15)¢F o] FAgds9 g HAE | wet FAsHE
Hog A mztnle 05 dUlolEste] 2 AAS AT & 3l

M~

T
Vo JO0)=E _, [} Vogry(a | s)( Y 7r(s,a)) (3-13)

t=0 t=0

M~

T
=E_, 02 (Viogryla, | s)( Y 77(s1.a,))

t=0 k

0

T

T
v, J0) :E;Npem[Z(V Jogm,(a, |'s,) Z 7(s,.a,))] (3-14)

t=0 k=t

0—0+aV,J0) (3-15)

S, E_, 0 %S SotHoR AN 4 glong MEUste] oS

o] Yoz AR, HAS o]fsto] HHS AT MES IS &
Qlo ™, o]E Reinforce &alg]Zolzt stoh(Williams, 1992). om]AETF &

g O7kx QelEst Eobssiel, wigke] Rate] Achs EAZL A,
ofet A JfHAE FMeEe 727 Bk HelA et i,



3.2.2 Actor—Critic +%
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tt (4 (3-16)).
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A AL ZHAE ol8old "o 4 (3-16)°
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al
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5

77 7talA

A6 2 Actor—Critic &

1, o5 ZY¥E A1A(critic-network)o]gkal
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AF(ANN) o 2 ntatu] g s}

(actor—network)©o]2tal
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AT ol Fejol wet A AATY 2eFel 2ADL ool A
W47t oY A9, A8 Jbsd mAY WEel wek 23 wre) 4k
nxmAZt Eeh SR A% W47t A4 A Wag 29 oo A%
L Radelct. o] A%, A AFWe BF| FBL Fst: q4l A8
WEr(rle, | 5)E 54 BE2 A 0L, 1 welugs g
HHHOR JE9AQH BRE olfstn, 2 WA W BN e

R
(o]
I

7] dizell AHrErt =41, dE AEEY] =
7 nE Eoleth 9y ¥ A <

skt Aol A& FAHA A Y AE(Deep Deterministic  Policy
Gradient, DDPG)o]|t}.

F84 A OHHAES] FAgdr= AH 7HEsE o]8ste] 7wt
o (A 3-17)). o]& uwl&Eet FAteo IHHAEE 4 (3-18)1 At
84 RS 75k, A G-dol w=t AE7bA] et AE7HA] oF
7} Zolt. o] & o]-&5to] s=s, 51,5, -0l e] ZHARty TIHHAE
gk o2, A (3-18)o tidstd 4 3-19F €= &+ Utk

J6)= [ Vs )b (s, sy = B, oy [V™(s,) (3-17)

V,J(0)= f v, Vs, (s s, (3-18)

V)= B 19 (59, @750 ) (3-19)
s



AZIA A v= (50,5055, 5)E B BAog A= A=

AFROIRS pls,. | spa)®] ATl Aol7h itk Egt A7HE /e o)
£E Fue] $48 dolge) o8 Welsh =t waol §1719] DDPG
Ny =12 AFFL. 2, 4 (-19% oA "Psk] 4 (3-20)9] I
2 WE 4 Utk po 0k o ARG uet AAE AZE olgstel @
A AAL AN 4 Atk AL olulge & DDPGE @E-BejA] Hhy
B I =

VIO =, [T, (5)7, @ ) (3-20)

DDPGe| 544 IHHYAES 17| Hdide As7HAE Lotor &
o =, ¢5 mEtEE ste 22" AAT Q(.e)22 FF 7] g4
Q"(spa,)E F74Tch. Z2E AAFTS PeriA]o] digh "ek g4
(B-6)& olgste] A=E AT AR Brle AT 5+ AT (

=
o

(3-21). o5 8= ¥

AL stk o714
g dlofe] sjsolc.

v =7r(spa)+ 7@y (87415 75 (5,41)) (3-21)
Loss= -3 (1,-Q, (507 (3-22
2Nt:() t ¢\ Pt

DDPGE ©]&st7] Hslid+= =&l ¥ (replay-buffer)7} EQ35}t.
B et AR WA HOlE (a5 AR GE ABRBA}

Aot gl AMEElE 54 7ASHEH (Stochastic Gradient Descent,
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Asob qtty. DDPGolA= AdH HolHE dd g&do] Hujo 4=t
2, FEE dold7t £19 Fol AZAste] 8% Holdz olgdnt
SHH, oo]HEE TAY wy, ES Ao gAG 4 glojof g

o % St dlolele nd BEE At 84S BT At olojop

d. S9d A A4Ee SERagec 99 Qoyol glons 2]

W5 W4ES A&Hoz Ml Hrh DDPGE e JAwe] Autel 9

5ol o]=E FUIsto] o] AT dolf] Lo|2E Heor x7|F

oAl Hloju} thefet AFS FaSHA S "HAT 4+ A "o

Agent Environment
update? update? L '-!;:'-*'_%
action(a) o |
o VQ(Si, 31-) _ dimming level i ' N |
critic |——| policy ~ 100%) _ o
network |«———| network for cach figh tmg g L Ly
a; state(s) : -
H - 4 2
: Hpmiemes |0 COEEH
m
reward ‘ T
ta(l;g)et update? update? function '
o illuminance
+ uniformity | [ |
+electricpower | | [ IV |
~ 3 reward(r) L]
target 5 target \ St ¢, I't See1 /
i a'in z
critic e policy J
network network sample [ replay
N; buffer

L trained policy

update? : train critic network with loss function, L = %Z (O — Qo (1 up))°
update? : train policy network with gradient of objective function, V]g(0)
update® : soft update both target networks

1% 3-2. Deep Deterministic Policy Gradient &}
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>
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Igr oup I , Inteill‘ior wall group 2

Fluorescent lamp

- 80W x 2pcs.

fluorescent lamp
(burned out)

18 4-2. 297)7] A2#1-#10) ¥ gL
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EAS
Sy
Z,
b0 H
= E
3 &b 3
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42 AQRF ZE A% Bd A

4.2.1 AdAqg 2d 24

rol

A mds W72 mdel FEoR Wad 3D P ARE
RhinocerosE ©]-g&ste] sttt £ AlEHo]dS E81% AT
o2l DIVA(Solemma LLC, 2020: Jakubiec, & Reinhart, 2011D)E 4=
Aot DIVAE ray tracing ®WH¥S  ©]8ok= Radiance(Ward, &
Shakespeare, 1998)E dlxlo=2 W b4 AEH oS 5T 4§ YL E A}
421 Qg o] AE AlFeth, DIVASY Xk Algdlo]dS 19, 87604%F
% o AFE A"ste] O 7o) 22 E oS3t

AZte 2dol AZde Moty fsiAe SAel 7|Etske] R

Sol= Aol st & AHHSE HANIIHA HhE A

ado]dS B 4 glofof gttt o]E $lsi Rhinoceros®] m=tHEY =
)l Grasshopper® o838ttt A&d @7olAe] ndg
DIVA for Grasshopper & & RY(IH 4-3, (b))olzt 5hH, of=fi<}
T2 Aatz Azstoit.

HA A5 EHS Higes 4
AZSEATH(TLE 4-3, (). B2 ©dlste] FA7F gle Hsurface) 2=

o2
ol
-1

Kl
|J
)
o4,
(1=
oy
alis

(o]

AZrstal 79f, Ao wet golojg FESHT. 2871 f1A+= A
(point) 22 F7|5FATt. Brep HEWUESE ©o]-8351H Rhinocerosoll Al Al ZHE
aa(, A, 91, dADY 32k FHE FHE Grasshopperz ¢lola & 9l
ok st brep ARZHEE H40 44 845 TS 4 doBz Y}
I 84aM, Bte, A, 7213 dlelojuttt & A AAHsSHH He v
O&, 7} brep HAREHUE EAUS A7GdloF ittt ZF WO BhARE} {2
o] Fikg2 7HEsHRA, % 574 HlolHE o]&sty EASIAH (4.2.2F

=
Aotz s, viEolA 1m =olel
Aot AAQ 7+A& 3.75mE Al EF 1267



(a) Rhinoceros §AF =dl



Geometry

Working plane grid
Spacing between nodes

Automatically assign materials to facade, interior wall,
floor, ceiling, and glazing by LHS sample sets

0 eatlall 0,70
1 2nRall 0,52
1 flpor 6.23

3 Ceiling 0.3
4 glaming 9.27

North vector

mulation -

File nome

daylighs

Electric lighting [
¢

T \Uacr=\ Foungaab\ Be skbep (Za¥0H. 1en

R .
1 ©:\Uneca) ToungaulyDeakooph\T0H, des

esult and save
Sky model

(C:\hou\yemwb\ﬂnbuap\ﬂ!ll.a:I.l_n. h-

(b) DIVA for Grasshopper Al&go]d 24
1% 4-3. DIVA 2% o2 nd



i/

DIVAE A, Alzte] e HFe] ARG, a1=zhet s A=l
et ZFOqZH%} 25 AR ol HE RdElo] JEjE DIVAC] U= E
™ E Ao M= Perez all weather -5 @ (Perez, Seals, & Michalsky,
1993)& AAstn. o] el 9] Hr|AGet AYATE EH=E sky
patch®] ExZE A4tsted, & Asvs HAH AEIADNI:  direct
normal irradiance)®} $HH AFHAANDHI: diffuse horizontal irradiance)
o Hlg= AAHEH. WA 714HY a8 F A GHDE —’F@O}J—
(KMA, 2020), Watanabe X2 (Watanabe el al. 1983)2 &-gsto] WA
G AADND}F +HH ATAAHDHDE Al4tsilch. A 2shHd, Z}Oﬂiﬁﬁr
= AYste ¥ R4 d¥wis= dA|, AlZE, DNI, DHIZF glow,
sky—patch B2 AHE F&F EEx g DIVAS] Yot Zlolth DIVAE 3
3 Ad w9 W ray-tracing ¥R FA-S FHSE], WA 12670
2149 ARG 22 E A5t (I 4-69] Phase D).

I‘_EL

o4

IN

422 AAdAF 2d B 9 4T

[

421789 B AR HANA AT wAGRED) BECH, Y
e 0 Gels] FIDE WA Gl AURs] gAY 1
Astgitt. 24 uli= “TESI330R” Z&E AAR 120itt 472 A
ok 2zl B 9As $AE Melek: 4] whe @y welre
ofstol, AAS B FEF AA AXE APAAHIY 4-4). 19 9
0-102 B 1A% AR E 16 Aol dal S Aol Z4E A

uheto)

-

i

o BN 2
o2l
ok

o

ARG 25 HA 2ol o]&stAd 807 #=H = 570X 16A17D).

oz A B Z4 dloleet AlgdelAd oEgte] Aolzt 7Y A
M4 2ES FoE AT (4] (-D). WA W 2@l Ak Fa
oM, o]F EF HAESle= A &7/Fssit & A= ZHER B
WOl sl =2tel sto|mFHE MEH (Latin Hypercube Sampling, LHS)&
2 300709 mAHg xok2 A, 7P et 292 Skl
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|2

lraz W Nwmf F O FFF ¥ Jem] Remheshesl N N BN My=sl N )
&
lrEE cnsorve— o oo - - - dCNSorv4 = >Sensor o
[\
E [ B N N femil N fewiy N Ioeleclissl B B B B 0 0 0§ Neml |
o~
9 4-4. Bdl BY 9 HEE 25 AlA A2 94
16 5

argmin (Y Y (B, ,(:k;t)—E, ,, (k1)) (4-1)

i t=1n=1

o171 A,

E,, A5E AdHF 2= [Ix]

E,,. S8 AdE 2= [Ix]

it LHSE &off 73t oA ¥ =3

R AQAE W A2y 2% S3F (k=5)

3002]9] DIVA AlgdeldE flall, 2ATnofA mold ZEE A
St= HEWERI GhPythons ©]&5titt. T EgstA 7= DIVA
]|\ =0 gigt AlEHo]do]l £Y&|H, TT ToolboxE Fdll Excel ot
2 1 A3%E AAsta, thg uAHes 23 e=s HASHH= Asst FLE
7‘“401'“1‘:} A g Hol= did 199 B Ad 2 g 4@

FZ 7Ihte s AASHATHIHE 4-5).
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(b) et

(@) A

| - ! | T —8 - ?
T e

7

--
= 0

;

P B

[
|

» ~

7

F 0.5, 0.2, 0.72 7}

19t (Di Laura et al.

©

a7

to AT o],

©

7ol 914

d

Sz
—

o] Extg

3

2

2011).

gstAdt.

=
T

4-28} o]

a1

A
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E 4-2 vpds 24 99 ' BAE

Unknown Variable Min Median Max Calibrated
value
Wall reflectance 0.3 0.5 0.7 0.54
Floor reflectance 0.1 0.2 0.4 0.21
Ceiling reflectance 0.5 0.7 0.9 0.61

Windows

Visible Transmittance 0.3 0.5 0.7 0.34

T 4-29A

Ak AlEdlold gt

BA

T4 wEtuly ghe Algdold e didet Axh 54
i ko] RMSE(Root Mean Square Error)&= 34.9 luxZ,

Algdeold Rdlo] F73d] oS & 4 JUtHIH 4-69 Phase 1. &
¢, ASHRAE Guideline 14 (2002)°14 AZPE S4L A, BIHFAL
(Mean Bias Error, MBE)E= 10% u|qt, "5 AH|4(Coefficient of Variation
of the Root Mean Square Error, CVRMSE)+= 30% u|vha AZSHoH(A]
(4-2), (4-3)). 54U Aledold 7ol MBE= 4.9%, CVRMSE+= 24%
o]t

n

Y (M-5)
MBE=-"——————x100 (4-2)
2. M,
=1
> (M -8y
i=1
CVRMSE = — X 100 (4-3)

_38_



126 nodes illuminance

Phase I
modeling

l_

Measured daylit
illuminance data

Calibrated parameters
(reflectances of walls,
floor, ceilings &
glazing transmittance)

l

Altitude/Azimuth @
!

Calibraed DIVA
I

126 nodes illuminance

Phase 11
model calibration

.- Validation
/ '\\f Phase 111
model application
Ideal approach Proposed approach
Altitude/Azimuth @ Altitude/Azimuth
} !
ANN ANN
l l
126 nodes illuminance 126 nodes illuminance

: Global horrizontal irradiance measured at Incheon weather station
: Interior reference daylight illuminance at the factory

O 4-6. AT 2= o 2d A 3y

(o)A T vs. Aljtst= A
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4.2.3 AAAF "=nd 24

Aotstz] fsliiA= Aol Al

ES .2
Mol ZEE ANOE d3g 4 Yol

= s
nioh JHHSE T 2 Els
tt. DIVAE E2¥32 7|9 (ray tracing)®] =HZIEE AlEH ol W&
Agoti=, W2 ALATHE a76te], AAZE Alojo] A-g5H7] oFrh.

g2tA], & AFoA+= DIVAE HZAFSh= tf2] 2@ (surrogate model)= ANN
(Artificial Neural Network) 2.2 7fEstaci AR 2], 2019).

ANNL e85 835 Atolof] o7 k& ¥ 243F2 7 mAER
+Zxoltt (Bishop, 2006). Z}Zte] =W Z2  715%|(weight)@} HF(bias)=
ZdstH =€ =9 Apolel WAE ShEIHH ™ 4-7). 119 4-69
Phase IIIoA], o]4&&<Ql F<t(ideal approach)<] EHE]P._E*‘ A2 AA|LF
Azt g Ol A= A, A3elA SAE +8H F dARGHD 59
HeE dElste], AAAQd 225 S5t Aotk 3}1]”} A 7173l
A Alssks GHI AEE AARte =z AlFEz] gom, i dEo] At

Hrgskz] Eett did =] fIAIeE A Hel AHAE A

=
AAZtor gtHsSHE Zlo] HACIAT, A% o34, Al

input 1 Wi Wi output 1

e
H
'~<
=

A J

input 2 output 2

input 3

output 3
input n
" Xn | hk

¥3
ouipu: m
i| Ym
b w Y

Input Hidden Output
layer layer layer

PSS
=SSN

v

9 4-7. ANN gl xS, 2019)

_40_



dicte=, AU Y F2 A A 81 22AE GASHAH.
GHI o] 25 A48 249 AUl 33 AdAd == Eo AH Jle
2 ZHgsknr. Al 27IFET E2 YAl AR AdAE 2x
= S SR AARter B4 HEZE Sof ¥4 £ Ao
& A T

= &l
SHHEAGY, 71, d55, 2019) (2™ 4-8).

3

b E AA
19 4-8. AQAAYF X5 AA(E)
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2 AFAME ol H(ideal approach)®] GHIE AlA oA &4
E = tiAsto] ANN 2d-& A2staltt (1" 4-6, AlSHe qu(Proposed

Tt Hi
haz Aol A 0% GHIZH BjoFe] 914 A (3
947, TEHE YAWSE @ DIVA B2 ABdolAS Saste] 2]
2k HolH(E8Ha)E For EH‘J AR ol 1 of =4

|
Zy, 1x7Zy, E), £9% 12670(4.2.1489] 18 daym)i T E
g o5 9 HFSE Bl GHI @2 ﬂ%iﬂo‘ T A Felskat
ANN 2d sholis 19 179 ~ 29 239 §9to] A7 9] dloje s A}
gotom, HEX 29 249 - 39 2¢9 HolHE F3stH
4-9). dgjrde] MBEE: 1.4%°0]1, CVRMSE: 25.6%°|t} (19 4—6.4
Phase III, Validation®] s{i%).

UX]
oy 4=
2 3

e
W
o

it f | \ _;,-”I _ | . |l _.I|'I. \/‘I fl\

-
N
=]

L L

2001/

o w 'HI'| I\l’ll / '&1 I / I'\,] [||| \ | H".

100 ]

Average illuminance of 126 nodes [L
: :
_'“"-—-_._,_‘_
-
i
_.-»-f:‘I
——

LN
[==]
—
"'\-\.,_\_\_\_\_\-\-\_
—
_..E::
—
—

Day 24th Fab  25th Fab  26th Fab  27th Fab  28th Fab Ist Mar 2nd Mar

Sky cover = 0 : Zg%-F(Clear sky)
Sky cover = 10 : %5 (Overcast sky)
a9 4-9. DIVA Aol vs ANN ofg] 24 Hw
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43 A7|1Z 2 o= »nd 7t

A71x EE-& DIVAolA st floll =377 AZAtlA A-5-st
+ HETY (es wd)o] asiot wijidmde 97|49 F X A
(Candlepower Distribution Curve, CDC) ¥ %W 7|39 A¥H HHE
ettt 2 dAFoME oig 2871+ AxAF (A" 4-2)9] LED 27371
T, FBS Y7 ARAD ZHo|A|oA Higud-& thEol ARESHR
ot (19 4-10).

\IH:[

o

4y =6150 Im g
% =2 009 cfkim-— J
L xEa-1eTwW e ==

VY ~ N
P 139502008 mm |

(a) fluorescent lamp
G =10500m

nEn=36939cdkm | |
b o=tow

o)
¥

(b) LED lamp
a9 4-10. 298717 ¥l 4 (Candlepower Distribution Curve, CDC)
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= (Light Loss Factor,

A2 lEe SASHE uAuse AYRYE
o P8 M@ LLES 134 2
A

LLF)S ZAAdjoF gt} LLF= AlF4

LLF2 4% 3l&e] E71s37t LLF=

EA glo=z s gutHl fARS2E 3ET

Sh= Aol ¥, 35 7St

7], 297171 44 5

Qltt (Di Laura et al., 2011). s}A|4t, © = A

o Zpo|7} WAstE =, HoldS fldf H Pﬂd#i 7PgoHA "ot &2 A

e AAANF BEo] mzHSE Y B o] o] g7t A Zo], LED

4 PFs Y7 o] LLFE 2d HAYLS 9t 4 H4=2 o] 859

o ®A 2tE stolwFE MEYLHS) WHe= 30074 LLF X =g
o
=

ollVU

Y

>~

—'—J

T

—

i

i'L_]l p—
1o
%
)
~
ud

(LED LLF, ¥§%% LLF)LS AAstat oz #HA7xY AEHolA
do] dEgtat AEge] ApolE FAS ol mAHeE 2ES 4 (4-3)2e
ST ARESE A= flojE = ofF AIZF (AY 8A]), BE XWHV|IE

He AEiz 57 AHAA 2dH 228 =

o
z
Y
o,
T

arg;nhl%lGI}i%(Z%Jli;k;t)——l%,m(k;f») (4-3
o 71A,
E,. 95" #7129 & [IX]
E,: 239 Az9 2% [IX]
i: LHSE & & 94 ¥ 29
R: AdAgd @ A7x8 2= 344 (k=5)

LLF= Hjgmtde] CDC Hl&& ZAots WHoR HEstan. B4 Z
7}, LED LLF= 0.58, &35 LLFE 0.690|tt. B WSS 289 A7z
o mEo] AEHolA ARyt EH3e] RMSEx 41.7 lux, MBEE
3.7%, CVRMSEX 7.7%=, mEo] Agdo] A4S molslglct,
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DIVA ZEZdo=rde A7) ZWr|7]9] Aoj¥Lrt okkzel 7

(ON-OFF Alo})x Wz o] dolg] 7} glo] Zuta A Ego]Add 4 9l

| gt AEdolds flaEliA=

7heete] Y el wep R A/gsiof

=, AloiRiget AYFe] A 44

Z717] 21FE= 100%

S DIVA RE2 3t v, 49 Abe 48

sto] A2 AlAd RES 2GSl 4 (-4)= AofHset YW
A

4
25 Atolo] ATAS st mlEE sl

o

gmr&hé—‘l

(159 0 29 0 90 2 0 1 0] nodel
156 0 114 0 150 7 0 2 0 | node2
34 0 7 057015 0 8 0 | node3
9 0 7 057063 0 36 0 | node4d
2 0 4 0150153 0 141 O | noded
0 01 0 8040 0 146 0 | node6
5 7130 19 89 4 1 1 0 |node67
5 70126 69 1518 13 5 4 0 | node68
A= 2 18 126 69 5569 27 11 12 1 | node69 (4-4)
1 10 28 18 5569124 50 23 1 | node70
1 3 14 10 1518125 50 100 3 | node71
0 0 0 0 0O 31 13104 3 | node'2
0 110 0 38 010 0 4 0 1 |nodel2l
0 107 0 152019 0 15 0 4 [nodel22
0 23 0 146061 0 32 0 10 |nodel23
0 8 0 32 062 0 146 0 31 |nodel24
0 2 0 13 016 0 146 0 119{node125
L0 0 0 3 08 0 35 0 113/nodel26
o171 A,

A 158 AoHSL7E 100%Y wjet g™ 229 T4 ujE
a2 ) ZM77] 2] 97t v Ao 2% [Ix]

(2¥)
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72 259 U9 Aok [0~10019] A% W4 SR, 4 (4-59
o]

A 29t o 2

Bz AlLE Zdo] gdn, mxeter 4y A
Ho| X 4 (4-6)1 o] AktHEL

D= [d1 dy dy d, dy dg d; dg dy le]T (4-5)

o171 A,

D 23 A2 mde] ge] W e

=

4y 78 U 2%

AXD=E, =| : (4-6)
€124

€195

€126
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44 29 5 2 4%

4377 A et 2 digjed 3 Avixd mEo] JESghs &l
H AW F ZL(F, total of daylit and electric lighting illuminances)
£ A= & Atk T ZES ASSH] sl 3¢ 99~12¢49] TRt F¢F
ZdHol 57 AHO"E 4-DoflA 2=E SASIAT SAH 2= 18
Ao g AFFSHH (B3 2550070 (6047 X 85A1TEX 5A]4)).

P Rdol AlEdold (g)H 5743 Aol= 18 4-117 Zt 3
g 9, 104, 12¢9] rdl o= A A AT, 1142 =E9
Q27} At (& 4-39] CVRMSE #=x). 47|29 %o A9 A7t ot
2 Hoprt A glal, el Sy A=ghe] exrF 27 ot wEbA, 3
4 11d 25 A9sty] s, AAA3 diglwde] S5gh A3 A
S Huskdt (28 4-12). o714 AdAd ASH32 38 & 2=

b
°
>
ol
<
NO
©
W
~J
g
~~
3
No

39 1149 4, Bt AeFol 0/100]2L, +4 <&
(o)

Q1 FATOIGT (& 4-3). FATA G A 5 ANHGHD 2 §A
W AT QAOND gol w9 Aok ST, g AEY Aol B
oA, GHI % DNI} AW Az 22o] vt 932 FAFo] of

W o] Hls) grigos vk Aok ol A
o] HEoz 8| % Aol Wold Ao Pustdw

T a5t

=

# 4-3. 29 435 717 Ay AH 2 2d A% (Mar 9-12, 2020)

b

Mar 9 Mar 10 Mar 11 Mar 12
Total cloud cover
(1/10) 7.3 7.5 0 5.6
Total solar
radiation quantity 12.74 2.68 20.37 14.86
(M]J/m?)
CVRMSE (%) 20 22 34 17
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Lux

i Measured

Predicted

12 14 16 18 6 8 10 12 14 16 18 6 & 10 12 14 16 18 6

Hour

(a) Sensor #1

8 10 12 14 16 I8

L L . L

5
—
- —— Measured
| —— Predicted
Y0/
12 14 16 18 6 8 10 12 14 16 18 6 8 10 12 14 16 18 6 8 10 12 14 16 I8
Hour
(b) Sensor #2
800 1 ! [ H L
1 1 1
?{}0 i 1 ! It 1 - ! !
; 1 i H \
000_ 1 "l 1 1 1 1 ‘ | - 1
- : i i \ I I Wha)
w500 4 i g 1 1 |"4 it 1 1 | r‘} I ! 1 L 1
= k 1 2 i 1 | 1 i\
300 1 i, | .‘\ | I | : |
i\ 1 1 1 /.
200 1 R ! L P gt —— Measured
100 1 N === 1 \ 1/ —— Predicted
1 1 |
o —— e
12 14 16 18 6 8 10 12 14 16 18 6 8 10 12 14 16 18 6 & 10 12 14 16 I8

Hour

(c) Sensor #3
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Lux

L e

{/ —— Measured
| —— Predicted

12 14 16 18 6 8 10 12 14 16 18 6 & 10 12 14 16 18 6

Hour

(d) Sensor #4

8 10 12 14 16 I8

Lux

—— Measured
——— Predicted

12 14 16 18 6 8 10 12 14 16 1S 6 § 10 12 14 16 18 6

Hour

(e) Sensor #5

8 10 12 14 16 I8

:L% 4_11 _(:)— }“594 /‘g—i—%}:(ﬁ‘t,measmed) Vs Oq]%%}:(ﬁz“,predicted) H]E

(Mar. 9-12, 2020)
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Lux

Lux

Lux

| —— Measured
Predicted

8§ 10 12 14 16 18

12 14 16 18 6 8 10 12 14 16 I8 6

8 10 12 14 16 I8

&

Hour

(a) Sensor #1

| —— Measured
Predicted

8§ 10 12 14 16 18 8 10 12 14 16 I8

&

12 14 16 18 6 8 10 12 14 16 18 6

Hour

(b) Sensor #2

| —— Measured
Predicted

8§ 10 12 14 16 18 6

2 14 16 18 6 8 10 12 14 16 I8 6 8 10 12 14 16 I8

Hour

(c) Sensor #3
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| —— Measured
- Predicted

Lux

2 14 16 18 6 8 10 12 14 16 18 6 8 10 12 14 16 18 6 8 10 12 14 16 I8

Thw

Hour

(d) Sensor #4

| —— Measured
Predicted

Lux

0 12 14 16 18 6 § 10 12 14 16 18 6 8 10 12 14 16 I8

[}
'E_..
=1
a_...
=
e

Hour

(e) Sensor #5

:L‘aj 4-12. Z}Odiﬂ% = /‘%']-%%J:(E;i,measmed) Vs Oq]—i—%}:(E;i,prea’icz‘eaf) H]‘I—JI“

(Mar. 9-12, 2020)
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A 5 % DDPG B&sts 2% Ao

5.1 3tk 37 (environment) A&t

5.1.1 oA =

At AlAE 3 ARE AsiME A AR Fr 2A 2 F A" A
ol €4 Ao ol AolE £AT AHE A4S k. ERH A
Aol AFAME A AdHeh AR (FE)E AT F, v AHS
Higs E9dlor ook Al AHEE SAHoR AolE s TR
2719 sl A& ohtel ofm At (episode)gtal $ith, 2 AFoA= 3
2 99~12%Y, 9A~19AIE 158 TR Hieo] Alojg ot AL oty
of omAE(F 16022 AFatalet. A2k A2 39 99 94|, BE £
71717k AR Ao, F2 22 39 129 1849 =gk Aot
Fei= 2 T

4w TS(26 A AYW F 25, Ep0l1,
2977 282 09 Aojws, polt. 7 Aol Aol #7o] ohg
gt e o AFY AR 2E oE mY Al
By 0, =D 271273 mdo] geiste] Qe @7zy =
By @ ol ®ofok Ttk sHAut, 23 Aol A%, @A Aejusrt
158 =9l thg Aol 25 #7 Wale] mAE A7 Ad(ime delay)o]
Aol gk E, Aole] g B 4 ANE ulef st okl A
el thel s@=olok dek. oleh e MAZ 27 Ao EAL W
] Sfel, 2 Aol Aol FE, 5 = £y, AL 5 = B 2 A
stgirh. $4ol st e A 94 ohg Aol AaF 259

B+t BT ERL, AARE 29 Alojo A= mlefo] #A d HA2 A

’
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2ot grot Ho} ofof waf 4 (3-1)ef|A #7F&(discount rate), y& 0
o= AAstA.
StH, M7|zY mde BAF 32 Aibsls o) o]fHt WA JA

1

/\O‘I_
B, s = By (O1 Al A1 vz AH, s, )l wEt Aoz A4H

W%, o, =D2 A/12Y 2] dYstel WrxY ZE, £, & FAL
SO, B = By B S WIOR B F5E Aol 15 A

s, Aejshe, Aol Attt e BF, o = DS olgslel the A
EHSH'l daylztt+19]— E-Os (ETJ)—YS':_ %E—S’.%q’ E]'S Z'"Oi /\11'101]/\“1 ZHP‘:
O]@ /\]E—O/l /B]—Eﬂ(st+1:E;Zaylit,t+l —‘%‘_ —:——ZH /E}—EH(S;:ETJ)E- ]?:]—O]— —B‘g

(¢, = D)= &7 A=ttt (2™ 5-1).

ol

s ™
Environment

input 1) reference illuminance (E,) :Ir daylit model
_

. . ; daylit illuminance(126 nodes)
input 2) azimuth, altitude angles "
input 3) Control variables lectric lighting model . ;. lighting illuminance(126 nodes)
'y
w
next state, s . g
l Total illuminance(126 nodes) J7
w
Reward function reward, r,
h E,
v v
ti .
Aol & [ Policy network ]

1% 5-1. A oo]AES] AHoAg
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BA St A3t dugEe] B4t AR S Tgote s 24
sttt WA, & 4-1D9 29717 I8 AFH=FHP)= A 2-3) s
of AHAEFS HUIstglen, ol FAESof sfddithd] (5-1)). A™
Mg UerE fEotng, S48 AT o, [0, 1] Aol gre=2 A
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Groupl | Group2 | Group3 | Group4 | Group5 | Group6 | Group7 | Group8 | Group9 | Groupl0
9:00 34% 0% 100% 100% 45% 39% 49% 64% 1% 0%
9:15 26% 0% 100% 100% 42% 36% 41% 56% 1% 0%
9:30 21% 0% 100% 99% 40% 33% 35% 50% 0% 0%
9:45 17% 0% 100% 98% 39% 31% 31% 45% 0% 0%
10:00 6% 0% 100% 94% 29% 23% 14% 23% 0% 0%
10:15 1% 0% 100% 95% 31% 25% 16% 27% 0% 0%
10:30 8% 0% 100% 96% 32% 26% 18% 29% 0% 0%
10:45 2% 0% 100% 92% 22% 12% 4% 12% 0% 0%
11:00 3% 0% 100% 93% 25% 16% 7% 16% 0% 0%
11:15 1% 0% 100% 95% 32% 25% 17% 27% 0% 0%
11:30 2% 0% 100% 92% 19% 9% 2% 9% 0% 0%
11:45 0% 0% 100% 81% 4% 0% 0% 0% 0% 0%
12:00 4% 0% 100% 93% 25% 17% 7% 17% 0% 0%
12:15 0% 0% 100% 86% 8% 2% 0% 1% 0% 0%
12:30 0% 0% 100% 19% 3% 0% 0% 0% 0% 0%
12:45 1% 0% 100% 91% 15% 6% 1% 6% 0% 0%
13:00 6% 0% 100% 94% 30% 24% 14% 24% 0% 0%
13:15 2% 0% 100% 92% 20% 11% 3% 11% 0% 0%
13:30 5% 0% 100% 94% 29% 23% 13% 23% 0% 0%
13:45 1% 0% 100% 95% 31% 24% 16% 26% 0% 0%
14:00 2% 0% 100% 92% 20% 10% 3% 10% 0% 0%
14:15 1% 0% 100% 90% 13% 4% 1% 4% 0% 0%
14:30 0% 0% 100% 86% 8% 2% 0% 2% 0% 0%
14:45 0% 0% 100% 82% 5% 1% 0% 1% 0% 0%
15:00 0% 0% 100% 88% 10% 2% 0% 2% 0% 0%
15:15 1% 0% 100% 91% 15% 0% 1% 6% 0% 0%
15:30 8% 0% 100% 95% 32% 25% 18% 29% 0% 0%
15:45 13% 0% 100% 97% 36% 28% 25% 38% 0% 0%
16:00 20% 0% 100% 99% 40% 33% 35% 49% 0% 0%
16:15 48% 0% 100% 100% 49% 45% 61% T4% 3% 0%
16:30 56% 0% 100% 100% 52% 48% 68% 79% 6% 0%
16:45 72% 2% 100% 1009 57% 55% 19% 87% 16% 1%
17:00 81% 6% 100% 100% 59% 56% 93% 95% 24% 15%
17:15 79% 15% 100% 100% 68% 66% 100% 100% 40% 41%
17:30 7% 21% 100% 100% 2% T3% 100%: 100% 52% 56%
17:45 5% 28% 100% 100% 78% 82% 100% 100% 72% 80%
18:00 93% 28% 100% 100% 90% 91% 100% 100% 99% 100%
18:15 100% 95% 100% 100% 100% 93% 100% 100% 100% 100%
18:30 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:45 100% 100% 100% 100% 100% 100%: 100% 1007 100% 100%
FE 5-2. 39 13, 7 Alo] AHE Aelets Aol
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Groupl | Group2 | Group3 | Group4 | Group5 | Groupb | Group7 | Group8 | Group9 | GrouplO
9:00 81% 8% 100% 100% 62% 59% 99% 98% 29% 26%
9:15 82% 1% 100% 100% 60% 56% 97% 96% 25% 22%
9:30 80% 5% 100% 100% 59% 57% 90% 93% 24% 9%
9:45 1% 3% 100% 100% 59% 57% 83% 89% 22% 3%
10:00 1% 2% 100% 100% 57% 54% 19% 86% 15% 1%
10:15 63% 1% 100% 100% 54% 51% 13% 82% 9% 0%
10:30 53% 0% 100% 100% 51% 47% 65% 16% 5% 0%
10:45 45% 0% 100% 100% 49% 44% 59% T2% 3% 0%
11:00 38% 0% 100% 100% 46% A% 53% 67% 2% 0%
11:15 32% 0% 100% 100% 44% 38% 47% 62% 1% 0%
11:30 28% 0% 100% 100% 43% 37% 43% 58% 1% 0%
11:45 23% 0% 100% 99% 41% 34% 37% 52% 1% 0%
12:00 19% 0% 100% 99% 39% 32% 32% 47% 0% 0%
12:15 19% 0% 100% 99% 39% 32% 33% 48% 0% 0%
12:30 19% 0% 100% 99% 39% 32% 32% 47% 0% 0%
12:45 18% 0% 100% 98% 39% 31% 31% 45% 0% 0%
13:00 11% 0% 100% 96% 34% 27% 21% 34% 0% 0%
13515 17% 0% 100% 98% 38% 31% 30% 45% 0% 0%
13:30 17% 0% 100% 98% 38% 31% 30% 4% 0% 0%
13:45 20% 0% 100% 99% 40% 33% 34% 49% 0% 0%
14:00 17% 0% 100% 98% 38% 31% 30% 45% 0% 0%
14:15 10% 0% 100% 96% 34% 26% 20% 32% 0% 0%
14:30 12% 0% 100% 9% 36% 28% 24% 37% 0% 0%
14:45 % (% 100% 95% 31% 25% 16% 27% 0% 0%
15:00 9% 0% 100% 96% 33% 26% 19% 3% 0% 0%
15:15 11% 0% 100% 96% 34% 27% 21% 34% 0% 0%
15:30 15% 0% 1009 98% 37% 30% 27% 1% 0% 0%
15:45 43% 0% 100% 100% 48% 43% 57% 70% 3% 0%
16:00 26% 0% 100% 100% 42% 36% 41% 56% 1% 0%
16:15 34% 0% 100% 100% 45% 39% 49% 63% 1% 0%
16:30 63% 1% 100% 100% 54% 51% 13% 82% 9% 0%
16:45 67% 1% 100% 100%: 55% 52% T76% 84% 11% 0%
17:00 80% 5% 100% 100% 59% 56% 91% 93% 24% 10%
17:15 9% 13% 100% 100% 66% 65% 100% 99% 37% 38%
17:30 6% 22% 100% 100% T4% 16% 100% 100% 57% 62%
17:45 75% 28% 100% 100% 79% 82% 100% 100% 72% 80%
18:00 93% 28% 100% 1007 90% 91% 100% 100% 99% 100%
18:15 100% 96% 100% 100% 100% 93% 100% 100% 100% 100%
18:30 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:45 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

F 5-3. 39 14, 7 Alo] AIHE Aelelks Aol
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Groupl | Group2 | Group3 | Group4 | Group5 | Groupé | Group7 | Group8 | Group9 | Groupl(
9:00 82% 7% 100% 100% 60% 56% 97% 96% 26% 272%
9:15 19% 1% 100% 100% 59% 51% 88% 92% 23% 1%
9:30 T1% 3% 100% 100% 59% 57% 83% 89% 23% 3%
9:45 73% 2% 100% 100% 58% 55% 80% 87% 17% 1%
10:00 67% 1% 100% 100% 55% 52% 5% 84% 11% 0%
10:15 68% 1% 100% 100% 56% 53% T6% 84% 12% 0%
10:30 61% 1% 100% 100% 53% 50% 71% 81% 8% 0%
10:45 53% 0% 100% 100% 51% 47% 65% T7% 5% 0%
11:00 36% 0% 100% 100% 46% 40% 51% 65% 2% 0%
11:15 16% 0% 100% 98% 38% 31% 29% 43% 0% 0%
11:30 0% 0% 100% 89% 11% 3% 0% 3% 0% 0%
11:45 2% 0% 100% 92% 19% 10% 2% 9% 0% 0%
12:00 0% 0% 100% 85% 7% 1% 0% 1% 0% 0%
12:15 0% 0% 100% T7% 3% 0% 0% 0% 0% 0%
12:30 27% 0% 100% 100% 43% 36% 42% 57% 1% 0%
12:45 25% 0% 100% 99% 42% 35% 40% 55% 1% 0%
13:00 31% 0% 100% 100% 44% 38% 46% 61% 1% 0%
13:15 33% 0% 100% 100% 45% 39% 48% 63% 1% 0%
13:30 37% 0% 100% 100% 46% 40% 52% 66% 2% 0%
13:45 24% 0% 100% 9% 42% 35% 39% 54% 1% 0%
14:00 13% 0% 100% 9% 36% 29% 25% 38% 0% 0%
14:15 1% 0% 100% 95% 32% 25% 17% 28% 0% 0%
14:30 1% 0% 100% 95% 31% 24% 15% 25% 0% 0%
14:45 21% 0% 100% 99% 40% 33% 35% 50% 0% 0%
15:00 34% 0% 100% 100% 45% 39% 49% 64% 1% 0%
15:15 17% 0% 100% 98% 38% 31% 30% 45% 0% 0%
15:30 24% 0% 100% 99% 42% 35% 39% 54% 1% 0%
15:45 11% 0% 100% 96% 35% 27% 22% 34% 0% 0%
16:00 28% 0% 100% 100% 43% 3% 43% 58% 1% 0%
16:15 59% 1% 100% 100% 53% 49% 70% 80% 7% 0%
16:30 73% 2% 100% 100% 57% 55% 80% 87% 16% 1%
16:45 80% 5% 100% 100% 59% 57% 90% 93% 24% 9%
17:00 80% 9% 100% 100% 63% 61% 100% 99% 31% 29%
17:15 T1% 3% 100% 100% 59% 57% 83% 89% 22% 3%
17:30 78% 16% 100% 100% 69% 67% 100% 100% 43% 44%
17:45 75% 25% 100% 100% 7% 80% 100% 100% 63% 0%
18:00 91% 28% 100% 100% 89% A% 100% 100% 98% 99%
18:15 100% N% 100% 100% 100% 93% 100% 100% 100% 100%
18:30 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:45 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
FE 5-4. 349 15€, 7 Alo] AIHE Aelets Aol
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Groupl | Group2 | Group3 | Groupd | Groupd | Groupé | Group7 | Group8 | Group9 | Groupl0
9:00 81% 8% 100% 100% 62% 59% 99% 98% 29% 26%
9:15 82% 6% 100% 100% 60% 56% 96% 96% 25% 20%
9:30 80% 4% 100% 100% 59% 57% 89% 92% 23% 1%
9:45 17% 3% 100% 100% 59% 57% 82% 89% 21% 3%
10:00 T0% 1% 100% 100% 56% 54% 17% 85% 13% 1%
10:15 66% 1% 100% 100% 55% 52% T5% 83% 10% 0%
10:30 60% 1% 100% 100% 53% 49% T0% 80% 7% 0%
10:45 53% 0% 100% 100% 51% 47% 65% 1% 5% 0%
11:00 48% 0% 100% 100% 50% 45% 62% 74% 4% 0%
11:15 44 0% 100% 100% 48% 43% 58% N% 3% 0%
11:30 40% 0% 100% 100% 47% 1% 54% 68% 2% 0%
11:45 36% 0% 100% 100% 46% 40% 51% 65% 2% 0%
12:00 32% 0% 100% 100% 45% 39% 47% 62% 1% 0%
12:15 31% 0% 100% 100% 449 38% 46% 61% 1% 0%
12:30 31% 0% 100% 100% 44% 38% 46% 60% 1% 0%
12:45 31% 0% 100% 100% 44% 38% 46% 61% 1% 0%
13:00 31% 0% 100% 100% 44% 38% 46% 61% 1% 0%
13:15 32% 0% 100% 100% 44% 38% 47% 62% 1% 0%
13:30 35% 0% 100% 100% 45% 39% 49% 64% 1% 0%
13:45 37% 0% 100% 100% 46% 41% 52% 66% 2% 0%
14:00 39% 0% 100% 100% 47% 1% 54% 67% 2% 0%
14:15 42% 0% 100% 100% 48% 42% 56% 69% 2% 0%
14:30 45% 0% 100% 100% 49% 44% 59% % 3% 0%
14:45 49% 0% 100% 100% 50% 45% 62% 74% 4% 0%
15:00 52% 0% 100% 100% 51% 46% 64% 76% 4% 0%
15:15 53% 0% 100% 100% 51% 47% 65% 717% 5% 0%
15:30 58% 1% 100% 100% 53% 49% 69% 80% 7% 0%
15:45 64% 1% 100% 100% 55% 51% 74% 83% 10% 0%
16:00 0% 2% 100% 100% 56% 54% 8% 86% 14% 1%
16:15 76% 3% 100% 100% 59% 57% 82% 89% 21% 3%
16:30 80% 5% 100% 100% 59% 57% 90% 93% 24% 9%
16:45 81% % 100% 100% 60% 57% 98% 97% 27% 24%
17:00 80% 10% 100% 100 64% 61% 100% 99% 32% 31%
17:15 79% 15% 100% 100% 68% 66% 100% 100% 41% 42%
17:30 11% 21% 100% 100% 3% 3% 100% 100% 52% 56%
17:45 76% 26% 100% 100% T1% 80% 100% 100% 65% 1%
18:00 87% 27% 100% 100% 86% 89% 100% 100% 94% 98%
18:15 100% 79% 100% 100% 100% 94% 100% 100% 100% 100%
18:30 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:45 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
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Group9:
Group7:
Group5:
Group3:

Goup1:

Group9:
GroupT:
Group5:
Group3:

Goup1:
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99%

63%
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71%

84%

48%
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245
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(@) 094
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228
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450 | 545 | 564 | 598 | 624 | 623 ] 628 | 622 613
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367
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267|349 | 321 | 317 | 331 | 316| 319 | 324 | 293

273

265 | 263 | 261 | 259 | 260 | 258 | 255 | 253 | 261

316
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0%

88%

7%
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0%

23%

0%

100%

3%
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Group9:
Group7:
Group5:
Group3:

Goup1:

Group9:
Group?:
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71%
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348 | 432 451 | 499 | 530 535 | 534 528 | 513

472

444 | 485 | 513| 529 | 548 550 545 | 523 | 467
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387 | 435 | 425 | 426 | 454 | 423 | 423 | 427| 373
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Groupl | Group2 | Group3 | Groupd | Group5 | Groupb | Group7 | Group8 | Group9 | Groupl0
9:00 63% 42% 99% 100% 93% 1% 84% 88% 0% 0%
9:15 61% 38% 95% 100% 90% 9% T7% 61% 0% 0%
9:30 59% 33% 92% 100% 87% 6% 1% 50% 0% 0%
9:45 57% 29% 91% 100% 85% 3% 67% 46% 0% 0%
10:00 48% 3% 84% 100% 1% 0% 42% 23% 0% 0%
10:15 50% 8% 85% 100% T4% 0% 48% 29% 0% 0%
10:30 51% 12% 86% 100% 76% 0% 51% 32% 0% 0%
10:45 45% 0% 80% 96% 67% 0% 34% 16% 0% 0%
11:00 46% 0% 82% 98% 69% 0% 38% 19% 0% 0%
11:15 50% Y 86% 100% T4% 0% 48% 29% 0% 0%
11:30 44% 0% 19% 94% 66% 0% 32% 13% 0% 0%
11:45 37% 0% 63% T4% 54% 0% 3% 0% 0% 0%
12:00 46% 0% 82% 99% 69% 0% 38% 19% 0% 0%
12:15 40% 0% 69% 82% 58% 0% 14% 0% 0% 0%
12:30 36% 0% 60% T0% 51% 0% 0% 0% 0% 0%
12:45 43% 0% T6% 91% 64% 0% 27% 9% 0% 0%
13:00 48% 4% 84% 100% T2% 09% 43% 24% 0% 0%
13:15 45% 0% 19% 95% 67% 0% 33% 14% 0% 0%
13:30 47% 2% 84% 100% % 0% 41% 22% 0% 0%
13:45 49% 1% 85% 100% 13% 0% 47% 28% 0% 0%
14:00 45% 0% 79% 95% 67% 0% 33% 14% 0% 0%
14115 43% 0% 5% 89% 63% 0% 24% 6% 0% 0%
14:30 40% 0% 69% 83% 59% 0% 14% 0% 0% 0%
14:45 38% 0% 64% 5% 54% 0% 5% 0% 0% 0%
15:00 41% 0% 1% 85% 60% 0% 18% 0% 0% 0%
15:15 43% 0% 76% N% 64% 0% 27% 9% 0% 0%
15:30 50% 11% 86% 100% 15% 0% 50% 31% 0% 0%
15:45 54% 22% 89% 100% 81% 0% 60% 41% 0% 0%
16:00 59% 32% 92% 100% 87% 6% 1% 50% 0% 0%
16:15 67% 65% 100% 100% 100% 45% 94% 100% 0% 0%
16:30 84% 9% 100% 100% 100% 8% 100% 100% 1% 0%
16:45 100% 100% 100% 100% 100% 100% 100% 100% 97% 36%
17:00 100% 100% 100% 100% 100% 100% 100% 100% 38% 100%
17:15 TT% 100% 100% 100% 100% 94% 95% 100% 100% 100%
17:30 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
17:45 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:00 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:15 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:30 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:45 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
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Groupl | Group2 | Group3 | Group4 | Group5 | Group6 | Group7 | Group8 | Group9 | Groupl0
9:00 99% 100% 100% 100% 100% 100% 100% 100% 100% 13%
9:15 99% 100% 100% 100% 100% 100% 100% 100% 94% 100%
9:30 100% 100% 100% 100% 96% 100% 100% 100% 100% 100%
9:45 100% 100% 100% 100% 100% 100% 100% 100% 93% 100%
10:00 100% 100% 100% 100% 100% 100% 100% 100% 98% 30%
10:15 100% 95% 100% 100% 100% 100% 100% 100% 8% 9%
10:30 T6% 3% 100% 100% 100% 64% 98% 100% 0% 0%
10:45 66% 57% 100% 100% 100% 34% 92% 100% 0% 0%
11:00 63% 44% 100% 100% 94% 6% 87% 100% 0% 0%
11:15 62% 41% 98% 100% 92% 7% 82% 81% 0% 0%
11:30 61% 39% 96% 100% 91% 8% 19% 68% 0% 0%
11:45 60% 35% 94% 100% 88% 8% T4% 53% 0% 0%
12:00 58% 30% 92% 100% 86% 4% 69% 48% 0% 0%
12:15 58% 31% 92% 100% 86% 5% 0% 49% 0% 0%
12:30 58% 30% 92% 100% 86% 4% 69% 48% 0% 0%
12:45 57% 29% 91% 100% 85% 4% 67% 46% 0% 0%
13:00 53% 17% B8% 100% T8% 0% 56% 37% 0% 0%
13:15 57% 29% 91% 100% 85% 3% 67% 46% 0% 0%
13:30 57% 28% 91% 100% 84% 3% 66% 46% 0% 0%
13:45 58% 32% 92% 100% 87% 5% T0% 49% 0% 0%
14:00 57% 28% 91% 100% 85% 3% 67% 46% 0% 0%
14:15 52% 15% 87% 100% 1% 0% 54% 35% 0% 0%
14:30 54% 21% B9% 100% 80% 0% 59% 40% 0% 0%
14:45 50% 8% 85% 100% T4% 0% 48% 29% 0% 0%
15:00 51% 13% 87% 100% 6% 0% 52% 33% 0% 0%
15:15 53% 17% 88% 100% 19% 0% 56% 37% 0% 0%
15:30 56% 25% 90% 100% 83% 0% 63% 45% 0% 0%
15:45 65% 52% 100% 100% 100% 27% 91% 100% 0% 0%
16:00 60% 37% 95% 100% 90% 9% T7% 59% 0% 0%
16:15 62% 42% 98% 100% 93% 1% 84% 87% 0% 0%
16:30 99% 94% 100% 100% 100% 100% 100% 100% 8% 8%
16:45 100% 100% 100% 100% 100% 100% 100% 100% 69% 9%
17:00 1009 100% 100% 100% 96% 100% 100% 100% 100% 100%
17:15 T3% 100% 100% 100% 100% 100% 100% 100% 100% 100%
17:30 100% 100% 100% 100% 100% 100% 100% 100% 100% 93%
17:45 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:00 100% 100% 100%: 100% 100% 100% 100% 100% 100% 100%:
18:15 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:30 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:45 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
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Groupl | Group2 | Group3 | Group4 | Group5 | Group6 | Group7 | Group8 | Group9 | Groupl0
9:00 92% 99% 100% 100% 100% 100% 100% 100% 94% 100%
9:15 100% 100% 100% 100% 100% 100% 100% 100%: 100% 93%
9:30 100% 100% 100% 100% 100% 100% 100% 100% 90% 78%
9:45 100% 100% 100% 100% 100% 100% 100% 100% 96% 47%
10:00 100% 100% 100% 100% 100% 100% 100% 100% 63% 9%
10:15 100% 100% 100% 100% 100% 100% 100% 100% 82% T%
10:30 93% 88% 100% 100% 100% 96% 100% 100% 6% 0%
10:45 T6% T4% 100% 100% 100% 64% 98% 100% 0% 0%
11:00 63% 43% 99% 100% 94% 6% 86% 95% 0% 0%
11:15 57% 27% 91% 100% 84% 2% 65% 45% 0% 0%
11:30 42% 0% 3% 87% 61% 0% 21% 3% 0% 0%
11:45 45% 0% 19% 95% 66% 0% 32% 13% 0% 0%
12:00 40% 0% 68% 81% 57% 0% 12% 0% 0% 0%
12:15 35% 0% 58% 67% 49% 0% 0% 0% 0% 0%
12:30 61% 38% 96% 100% 90% 8% 18% 63% 0% 0%
12:45 60% 37% 95% 100% 89% 9% 76% 56% 0% 0%
13:00 62% 40% 7% 100% 92% 8% 81% T1% 0% 0%
13:15 62% 42% 98% 100% 93% 1% 83% 84% 0% 0%
13:30 63% 43% 100% 100% 94% 6% 86% 96% 0% 0%
13:45 60% 36% 94% 100% 89% 9% 75% 55% 0% 0%
14:00 55% 22% 89% 100% 81% 0% 61% 42% 0% 0%
14:15 50% 9% 86% 100% T4% 0% 48% 29% 0% 0%
14:30 49% 6% 85% 100% 3% 0% 45% 26% 0% 0%
14:45 59% 33% 92% 100% 87% 6% 1% 50% 0% 0%
15:00 62% 42% 99% 100% 93% T% 84% 88% 0% 0%
15:15 57% 29% 91% 100% 85% 3% 67% 46% 0% 0%
15:30 60% 36% 94% 100% 89% 9% 75% 54% 0% 0%
15:45 53% 18% 88% 100% 79% 0% 56% 38% 0% 0%
16:00 61% 39% 96% 100% 91% 8% 9% 67% 0% 0%
16:15 90% 85% 100% 100% 100% 90% 100% 100% 4% 0%
16:30 100% 100% 100% 100% 100% 100% 100% 100% 99% 39%
16145 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
17:00 T6% 84% 100% 100% 100% 100% 100% 100% 1009 40%
17:15 100% 100% 100% 100% 100% 100% 100% 100% 91% 100%
17:30 100% 100% 100% 100% 100% 88% 100% 100% 100% 100%
17:45 100% 60% 100% 100% 100% 100% 100% 100% 100% 100%
18:00 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:15 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:30 100% 100% 100% 100% 100% 100% 100% 100%: 100% 100%
18:45 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
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Groupl | Group2 | Group3 | Group4 | Group5 | Grouph | Group7 | Group8 | Group9 | GrouplO
9:00 100% 100% 100% 100% 100% 100% 100% 100% 100% T4%
9:15 100% 85% 100% 100% 100% 100% 100% 100% 100% 100%
9:30 100% 100% 100% 100% 100% 100% 100% 100% 69% 100%
9:45 100% 100% 100% 100% 100% 100% 100% 100% 84% 92%
10:00 100% 100% 100% 100% 100% 100% 100% 100% 100% 949
10115 100% 100% 100% 100% 100% 100% 100% 100% 36% 12%
10:30 91% 86% 100% 100% 100% 92% 100% 100% 5% 0%
10:45 TT% T4% 100% 100% 100% 65% 98% 100% 0% 0%
11:00 68% 66% 100% 100% 100% A7% 95% 100% 0% 0%
11:15 65% 53% 100% 100% 100% 28% 91% 100% (9% 0%
11:30 64% 44% 100% 100% 98% 12% 88% 100% 0% 0%
11:45 63% 43% 99% 100% 94% 6% 86% 94% 0% 0%
12:00 62% 41% 96% 100% 92% T% 82% 82% 0% 0%
12:15 62% 40% 97% 100% 92% 8% 81% 1% 0% 0%
12:30 62% 40% 97% 100% 92% 8% 81% 1% 0% 0%
12:45 62% 40% 97% 100% 92% 8% 81% 1% 0% 0%
13:00 62% 41% 9T% 100% 92% 1% 82% 9% 0% 0%
13:15 62% 41% 98% 100% 92% T% 82% 80% 0% 0%
13:30 63% 42% 99% 100% 93% % 84% 89% 0% 0%
13:45 63% 44% 100% 100% 94% 6% 86% 97% 0% 0%
14:00 63% 44% 100% 100% 97% 10% 88% 100% 0% 0%
14:15 64% 48% 100% 100% 1009% 21% 89% 100% (9% 0%
14:30 66% 57% 100% 100% 100% 33% 92% 100% 0% 0%
14:45 69% 68% 100% 100% 100% 50% 95% 100% 0% 0%
15:00 74% 2% 100% 100% 100% 59% 97% 100% 0% 0%
15:15 T1% 5% 100% 100% 100%: 665 99% 100% 0% 0%
15:30 88% 83% 100% 100% 100% 86% 100% 100% 3% 0%
15:45 100% 99% 100% 100% 100% 100% 100% 100% 14% 13%
16:00 100% 100% 100% 100% 100% 100% 100% 100% 100% 98%
16:15 100% 100% 100% 100% 100% 100% 100% 100% 82% 92%
16:30 100% 100% 100% 100% 97% 100% 100% 100% 100% 100%
16:45 93% 100% 100% 100% 100% 100% 100% 100% 100% 100%
17:00 100% 100% 100% 100% 100% 100% 100% 100% 87% 88%
17:15 100% 100% 100% 100% 100% 94% 100% 100% 100% 100%
17:30 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
17:45 100% 64% 100% 100% 100% 100% 100% 100% 100% 100%
18:00 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:15 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:30 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
18:45 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
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Abstract

Optimal Control of Lighting System
based on Illuminance Prediction

Model with Deep Deterministic
Policy Gradient(DDPG)

Youngsub Kim
Department of Architecture and Architectural Engineering

The Graduate School

Seoul National University

In indoor space, an appropriate level of illumination should be
secured for the efficiency and safety of the human activity. If daylight is
introduced through the skylights, lighting energy can be saved by
supplying only as much illuminance as needed with electric lighting.
Daylight varies dynamically over time depending on the position of the
sun and sky conditions. In order to determine the dimming control
variables, the dynamic behavior of workplane illuminance by daylighting
should be independently identified at each point of control. In addition,
to meet a specific amount of electric lighting illuminance, the luminous

flux from different lighting fixtures should be known, depending on the
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control variable. With a system model, the control optimization can be
conducted that satisfy the recommended lighting environment while
minimizing electric power.

The conventional closed—loop lighting control demands illuminance
sensors mounted on a horizontal workplane. However, if the control
target space is large as well as shaded by complex indoor surroundings,
the corresponding number of photo sensors would increase. In addition,
workplane illuminance at a certain point is contributed by multiple
neighboring lighting fixtures and daylighting from multiple skylights. So
that, the accurate dimming control for each lighting fixture is difficult.

Simulation model prediction can replace the mounted illuminance
sensors. In this study, the author developed daylighting and electric
simulation models that predict the illuminance level at any points of
interest. Radiance, one of the most sophisticated lighting simulation
tools, was employed for this purpose. Then, a surrogate model was
developed for fast computation and optimal control of a target building.

For optimal dimming control, Deep Deterministic Policy Gradient
(DDPG) is used. The DDPG makes an optimal policy network and gets
feedback from the model, and finds continuous dimming optimal
control variables as the output. In the paper, the development process
of the lighting simulation model and the DDPG, as well as an

application of the both to a real-life case would be addressed.

keywords : Illuminance prediction model, Radience simulation, Real
time lighting control, Reinforcement learning, Deep Deterministic Policy
Gradient(DDPG)

Student Number . 2019-21516
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