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ABSTRACT KEYW ORD

£
Purpose: This study aimed at proposing a predictive algorithm for the optimal control of the cooling system and 3 = ;I E_;X“ o

openings of the double skin building in an integrated manner. Method: Two artificial neural network models were o]z Al 4}

developed and employed in the predictive algorithm - the one is for controlling the cooling system and the other is

for operating envelope openings. The thermal- and system operating performance were tested using the Transient Rulefbgsed Control
Systems Simulation (TRNSYS) and Matrix Laboratory (MATLAB) softwares. The performance was compared /P\:?#ilccfalYel\lgsglr?\:etwork
with that of a conventional rule-based algorithm. Result: The predictive control algorithm presented more

comfortable thermal environment with remarkable increase of the comfortable period up to 27% of whole period. In

addition, the cooling system worked more stably decreasing the number of system's on and off. The analysisresults ACCEPTANCE INFO

demonstrated a potential of the proposed algorithm as an advanced thermal control strategy in the double skin ~ Received Jan 08, 2018
Final revision received Mar 05, 2018

building. Accepted Mar 10, 2018
(© 2018 KIEAE Journal
1. M2 = TEth & 0], d5H T35 2=7128° Colideld 4
_ _ o W ATRE B, AelE AT sl 5359 1
A3 1zbe] A AFAIO] SRl W AR AWDE L d e S sl erer 2 ate] dysted
o 2o ato] Mo AL Z a5t x o == O = e = L. © v o =21 Al o
—’]Zﬂot Eﬂ—q EEEO/\TJT—Q—C\)_ —9——4—7}'QN\E}[1]'—TOL 0i—10ﬂO1 ﬁooﬂh ;\]ﬂ_i_o o7 MLHZO 7HH 3]—0:] 7]—‘ﬁﬂ
ABLAO A SLAA S 7 7 2] L G Zas Qa2 o == =2 o7 T e vl 2HS ° =
E%} o ELH‘_ [§] OEHE'_ = O}\t7]'o 8% —9——1—-6‘01'14- ] 17]; /UIHE%O]A]7]E]' [9]
[¢) =2 =2 H A .
o, AT 99 AFL 9T I Sl A7, AT gl : .
St 1 1 a10] Pt ] Afere] 55 e Aot olelgt 718 AlolEe 49 T, Aol gold 5
AT SIS S BEA TS, AT B o AL AL k. A, A H FHE AT PA T2
2RO AU W AEH A Fol TR AR B UL 0 L o A sAAS A
o]Z ol u MASLT 722 AUSIA Ao o5 AL o] © %™, A1 6 o 21t YAlm= 15 3R
]_(S‘—Q]l]']t—‘ﬂ—'()]'_l__g_‘g‘—[ ELH_\__OZﬂOEH?_ o O 1w q’q’*]%’ﬁﬁﬁag"ﬂ'z}o]E%%ﬁol 0]_]4‘3__1, E}E%Z—q'?_]
@E‘lﬁ—o——i Olléllﬂq (/)V]\E]- /‘glﬂ/ﬂég O]%ﬂﬂ’ 7H‘?__}?L, i]_oo]: EHO‘I_O] 7 6‘]—_{,\_ ol 7}_5/\401 }—Zﬂﬁ}r/}
B3 5ol 2o T cRM TR D AP0 HAF 2 - .0 2ol o 2 4] 712
=0 ~— =1
o= _/'\_

o
Fotol A N4 D A2 oA 5L FAA
S ook PsHe ABUG -8l EW, F3ES A=

O O 1o
(conduction) ¥ 5 (convection)®f] 25t AuUje] LS A

Y

HATRE IHOE AFT 4 gl Aol ghonl, 2 A

5~ o1 Hdol ol F A7 (artificial neural network, ANN) 5-9] -8 50| A|&
O}ETM—COE]MQ—- Hio]q
X T

Clesiy ATE e e s A% I A £ AAR U= QAL Qo] A AL} ok W Peke] TS

4 ot A HAlE {2 7EE Alo]H (rule-based control Tt ool el Ao @z AAzE ZH=o0

o o W o Ho 1= o]= s = Oﬁ’ﬂEEE— vaAl) /\——§1 Hﬁ?,’ﬁ_ﬂ\_ﬁ,ﬁﬁ?——i

method)o]tt}, o] Ao -2 7j52] JHH| & fJste] Faixl 132 ZAE o] itk 7+ 22 duo] LS R TAEo] glon 7F=

THE Afolole 77 @ E o] S 1he] TA o] 27

PISSN 2288-968X, eISSN 2288-9698 Hr}, g7 A rdof AEEHE A8FET 7], dold

http://dx.doi.org/10.12813 /kieae.2018.18.2.097

©Copyright Korea Institute of Ecological Architecture and Environment 97


https://crossmark.crossref.org/dialog/?doi=10.12813/kieae.2018.18.2.097&domain=http://kieae.kr/&uri_scheme=http:&cm_version=v1.5

o ol

2, filo
x>
op

P o
8
o
o

I
tlo ofw
of
_O|L
£
i
)

ol

&
i)
o
offt
)
Q2 my
H
vy
rO
ol
)
o
k1
o,
I
<
i)
=

1 A7t

BN o
o mju J:;L] ol
K4 ﬁr(;

)
ol
ol

=
)
i

3l

0,

e
-

of
>,

.
oM.
ol
o
I
oo
sk

o

152 m 329 A5 2-sA ool
Qe [10-16]. o5 Aol A=A
Tejofl 2 AYl 2% & d&ote A7
Jo] Alte]qlet. 53], Mg AT 2 Ao 2=
L4 71219 AR (AU @5 B 2, AYS 4R
9, A= 2ol defS 49, Al elS 25 ™)
Ao} Afe] 2742 o] AU 2 ke MSHE oS5t 5 A9

1

i)
og
ol
L
S 2

™
e
> i,

-
4z

1
e
1o

n

a
1!
go il n — 3 X

Moo N o ook
3 ol to Y [ oto
oo ey

oAl SH AW =5 AME-ote] A o] 7| H el E 24T
FAloll, A 75 FEE HFFRE on-off two—position
YA LE 2HE-g Ao daEge] AEEIL dE
ALHE 4 742 R Histe] &5H 2=7F Z247F 1.0° C,
0.5° C,-0.5° C, 181 -2.0° CL A%, 22 e
Ao nE &3l 1.0° C2 ZAHc) ot o]F2lm o]
NFEe 25 Eo|A "ot 71 Aol o] B4 At AlgtH
BT &2 7)ES] A 7|RE Aoy Ko A gt Jeh
S Algste Ao® B4

71 &9] Ao = o] F L1 4R 9 @<= two—position
on/off Ykl A A" 0] Ao E Q1 QIFAAY el 2 oF
aEFo] ALE 7|9 A4 AR}E HFoR B A4
o]ZF2|7] /-5 9 71 A (variable) WHIA| A
e AR TR AT A SA o] d &S Nt
2 Qek o] & flste] F o] AT Rdlo] /i, of
NE-] AR dE e 7P A A" 0] A5 dHE 2
et B3 o] & F oS Bdo] YA H dSgaeEe] 4
71 &2] A 7Aoo v WE 5o} g4 o]
A5 AFREAE I 7I¥E o8t AAIE T

=~

O 29 &

in

ol
[6)

<!
o

lo,
1.
)
)
Ll

2. G50 2 3 2naF HE

It

21, AFNAY =D AL

5 719 QIFAAEY mdo] JNEEY RUE2
MATLAB®] Neural Network Toolbox[17]5 0]&5}o] A=)
At A A BE2 JpHEEA A" O] X4 2 H|(U)E AHE
Sh= Hdolrh, 2|24 A5H= AW E A4 H set—point =
Lol sto] {2 %7] {15 WA AR 9] 2HEH|E ofv|ot=
Ao 2 o] EE&Z Q5 REl o] 1442 (IH o YER QL
of B2 = 709 e wd, oA 9 54X mR shuel &
grdor A5 o] itk 2w Error?t JError24 ©]
£ A HW-2Z 9} set—point 2= 2+2] Z}o](Error), 131 A

AojAo| F2 R E I 2po] ] HstF(AError)S <lu|gict,
72 0~1 Ato] Y g3 7 5 A etE o] JEgto= A
Hot A% FA Y 4= (A 1)& o]-8oto] Ol 72 A H
t} [18,19]. Tangent-sigmoid®} pure linear Hf#o] A 3+
3 S Fol Holdr2 ] Z42F H8=

2 oo o L

98 KIEAE Journal, Vol. 18, No. 2, Apr. 2018

Fig. 1. ANN model for calculating U
np = 2en;+ 1

ng = (n, — (n; + n,) / 2)? Equation (2)

Equation (1)

o] 5h5-5 9I5te] Levenberg—Marquardt &ale]&3}
0.75¢] gh5=, 0.909] ZHEE H835190H, o] gr&2 43
A5 Eoto] HH 9 g EESHe Ao = yehetth [20].
St5-Z QI3 HlolE A E 9] = 257H 24 o]= (A12) & o]-&5}
o] A5 em[18,19], 0.00 K29| st&EES} 1,0009] 9]
Epoch24| 8t5S AAISHTE grEHlole g TelE fiste
Sliding-window 7]®H-& 2§90 24 |22 Ho|E A E7} &
542 Al 7 23 E HiolHAEE AAT & g5o] A=
o Q=& HolHAIES] &5 97t th29] =4 d5d &
At

(1) Umrn®l g5: oA Aojate] 2ol A o] 2HEH] (Uown) 7}
0.30193, FAEHLE(Thew) 7t 26.0° C, set—point I
(To)7h24.5° CE 7%, Urrne= 0.3 + 0.3 (26.0 - 24.5) =0.75
ot} o] A AlojAtolEol| 4 9] A5 H]= 0.30] oFd 0.75%
ook P& oJn|girt.

(2) Eowp®t dEoip® Akt o)A AlojitolEe] &7t
26.5° Colal 1 o] Alojato]E9] A&7} 27.0° CY 7
9 Eope 265 C - 245 C = 20° C, 4Eope
((26.5° C-24.5° C)-(27.0° C-24.5° C)) =-0.5° CoJt}. 9]
= A Atol o A Y] AL = set—point 22 EHTH 2.0° C
EUATE, 1 - AfolZef HIste] 0.5° C oF7}ote] set—point &
Lol 7R 1 S ofn| gt

(3) 22 shGH ol E| N E Q] g5 9|9] &= AAE Foto A
28 sr&5Y|oleE 2.0° C(Error), —0.5° C(AError)2] Y3k
7 0.75(0) = A=A "t

5w e Aol el tE o Al Aol 2
7121 9] AY2ER-SHTEMpr) = AlSsteS A= CH
O FE2e (™ 2ol vER itk BE2 oA 9] R
o2 FAE dEF, 74 1371 wHoR FAH 659 &AX
3, 191 1] wRoR FAH EHF 07 LA ok
AKX F] = ARATY] AE wEih [21]

EA



e 22K - YYA - B
opng ) AL YA ARE Alojolr] I3k 3} A A
Condition of ™ "\ ~/\ YA S B I3 HE o2 FAE o] Qe FPA AT
Sutee 452 AAsP] Sstel AAAULES} WS AT WS
Condiionf (" (dead-band)®] ¥l & A A3} o] & Foto] ALt A%
Sutuce 9] toll 4 4 =S REokA Bk AR APl
rewey [ #Ae 2T2ere A LR 9 dead-band®] ¥ T2 Salo] A

- et 5352 =7t AN 59} dead-band B} & B¢ 4
ATEMP,, W2 ATRE Agsted A Qs 5353715 Aol =Ysts
= gk,
TEMPq | / A guEEe AT £ A QFAAY 2Ee WA
| FolEAle] L1eEo R T P TPyl ekt Ak 7
TEMPC, | ! 7|5k Aol nelE T FLeH F AR FAEe] o,
W, P28 Ao fE R WA BN E ZEH U, 0~DE
Fig. 2. ANN model for calculating TEMPpg ﬂ'%é = ?ﬂ WA Aol M. 1}7}3?1'%0]
AYE| o], o150 BARLRE A2 258 Unew) 7 AHEE] 0]
YR L AUZ ATE AFFNO: 2, 1: FD), 4 YN L] AT Flote] A8k ofeiet A5

2 MR AP O: 2, 10 D), AHLE(TEMP), 4 oo =M thE Alofiel 20 U2 &7 ser-poine 212

LEWSF(ATEMPY), ALE(TEMPouy), 1811 535  F T8 7 =S f=dd.

S5 (TEMPey) & AT 3 Wz meln} Eolat Holdhir} R Sl A oS AR g E 2 st 2

#ARFALG 2] A gE Ak B, SUG shggme) B NI R WA AW RS A8 siyre] 3

% 2 0.60 St5E, 0.40 ZHIES} 2= ANz Aedo=n At Ay de7dS 25 |

ok A A AFRAL 4742 AR 1) RS TR BE F

2.2. d|ZAle] FuEE A 4.2 WS ATE 99 9 927475 29, 3) YT 2

2 Z 7R G, 4) YSATE BE Do)t o 54

AL D AR AFL GJstel T 749 LwelFe]
sk AR Gl Ze BAS YA LAY L AR
594 Alog Soto] A ARl HAAeloleh (1)L
A A0 ZQ FA Aol A ne|F 0] BEL Kol
o Aol ez @A /4 del AgEl R Gl 7129 Ao
2 ojulgiet,

Fig.

Wer s vugto 2 ARt 4 712 9] Aurz 7] oo
ARt 7P FElRt AN 7 A

no_'|

TEMP, .= lower
limit of cooling range
& TEMP  ~TEMP,

yes__|

Close the Internal
Surface Openings

Open the Internal
Surface Openings

’_—| Uien = Yoo Yo n™ Ty Taew)

Train ANN Models
for the Surface Openings

yes .

+

Train the ANN Maodel
for the Coocling Device

Predict TEMP,,, for the

i
four opening strategies

.

Calculate U

Opening Strategy

=T, .

o
r
v]

Operate U

NEW I

Operate Optimal

| Decide an Optimal
I Opening Strategy

For Cooling System

Fig. 4. Predictive control algorithm

©Copyright Korea Institute of Ecological Architecture and Environment

\ For Surface Openings

99



05T PR X SUALH HOIS 2

x| 7|8t gl

A7l S o EH 0o 2 8 &S dsHln

T Ao A2 ARE AlEY oS A8t &
Z0] AEoA APt (15> AEL] 7| EA LA Hof
= ; AL 126.98° E)oll

. Zol= Z+ZF 3.05m, 4.2m,
4.5melH, FEHoll= o] 597t A Ho] 0.9m £9] FFF
= Aoz FAE] Qo AR
o} shiLofl ZHH7} 9127t
7} ol o] A5 9 2.78, 2|45 5.00, BHE 2.44 ° K-
m2/WelH, Wel& Fede] ¢ 42 0.18% 0.77 ° K-
M2/Wa /= o] ik, AujFsoh= gtoba] 7heE A5 skl
U= 221, 5W/m29] =9, 2t 9] HFE 2 ZHE R 7P =S
™ 0.7ACH (air change per hour)] ¥7] @ €77} A=<
ok E3H 6,315 kJ/hre] @AIA 58S 7 i A A"
o] AL EYT 5L 93 dead—band= 23~26° C2 AA ]
Ak ASEAL 69 1Y RE 9Y 30¢71A] 2] 7|7 B¢t 1
=] ik

4,200

—— Operable window

100 30%

2 | Unoperable |

< .

o window

[ T o |
'— Operable window
(a)
4500
900
Air outs. =! —

Openings of Openings of}‘f, }F\‘

External Envelope Internal En@elo;ije

N |
1k |

NIRRT
I

(b)

Fig. 5. The test building, (a)front elevation (b)section, nuit: mm.

&9l mEyS 9I5te] TRNSYS (Transient Systems
Simulation) [22]9} MATLAB (Matrix Laboratory) [17] &X
EQoj7t AgEglet. mdgdv= (A”6y ol UER Qe
TRNSYS AT Eoj= A9 B gt A 2h5of uhE A
W& o] HelE ALtstr] fiste] AMEE e, MATLABS
G| Eo] N AFAEE R O] A W F A YA AL
N5 23S 245k $1sto] 8=l

REE gjoke] A 7S] TRNSYS 847 28540
Typedct A% 917 A€ TMY2 71408l & S5k o]
T "3 8 sk Typeol At I ek Type33ex= 4
o] &, FLE 7|HIoR o2 E AMLtste] Type6b,

100 KIEAE Journal, Vol. 18, No. 2, Apr. 2018

Type56a, Typel55°] A2 ett, Typelba= A& 2 Hel =S}
£ HFEAI A E =&t Type56a ¥ Typel5s50l] M st
o, AZLE 2 Type69boll At Type56at Typel55% 2+
ZF i FAEe] Rdg A et Aojgd e A4t npx]d)
O & Type6sde A ARIAHEAT 3 2HFof e AU A2 S
275tA "t

mdls] Aol A=k gHE Qote] A AAT AA
204 SHE AUt 2 AFolA REAGE AEolA ALt
AW = SAH fFAMd o] SEEAE[2,13] A7 &
F Ao RE E&5H A&+ 0.0259 K RMSE (root
mean square of errors) 24 5+<50] ZRXZ A 97 0.1 K RMSE

Wt @A) AL e e

» Type16a

¢7

Type69b
4

Type9c

.

% Type33e

Fig. 6. Modeling result of the test building

Type56a —» Type155 —» Type65d

M

4. ZIHEN

%48 2NE Holz
Z} 2|4 9] 97 2% = 18.50~29.99° C=& Wslstal ict.
o] A, FA7I8 )5S A8l thet dead-band
23.0~26.0° CZ 71502 A%} 5742 wha sk 20k Kol
QUK. o]t WA G] 250147} dead-bande]] 7]
et 120l oJste] 2157] jRelm, ofi= 2io] A U 5
@igo] WAl 2ge] 215t QAIsks 2102 WEH A9 )

g AR 2102 LheRt o], A o] 29 4
Sl Sk Aol sl Zo & B, o2 Fate]
ke 919879 ARAUE 7HsaHA shel Adat A
SAISHe FAH Znio] Qi v, Qo] 4989 139 AL
ARhe 915 B710] B0 g AfLwst H2PEe) ok E7)
B S Lepl7] S shch

2719 el 50 29 (LDl LiehHEo] WAl Ag
o] 2% H|7}0~1 Afo]o] FPAZ 02 GAHL Gl O ekt
of, ol WAl ARe] A A5 o251 Slat AR
A5 Avolct 1 v ARLEe] WEEe] thE Al
dead-band®] 571313l 24.5° Coll et 71 P A 0 2§
TGl Ao BRI 92T 29 Al
US| G4 gl gl 202 ehom, v Ajel
A% BI5GB Ao AR o] o4 A7

i

ki e

s



Hed . A

rlo

x-S

F:E

. BXo
LT

e Ao Z715ke] 24.5° CE FAISH] sl AHAA 2}

7he 9193717} mEl AL W] 918l Aow A

1 A7, A2 ke+= dead-band o5tz BIFASHA 4] %= 717t

o= viefstet. shk, FA7 O] A9 g
34.89% @8] .00 B W lel Jrf Ao o
ol Aoz B oleigh BAATH: djZAelE el ey

o1
o] WA} p o2 BAHI, AR 240 e FHSH 2o B 4 gtk
26
6 ——Indoor Temperature
'9; 23 ——Qutdoor Temperature
E — Cooling Operation
D —Inner Openings
=
£
2 On
Off
Opened
1 _ Closed
Aug.09 Aug. 10 Aug. 11 Aug. 12 Aug. 13
Time
Fig. 7. Operating results by rule-based control algorithm
26
6 ——Indoor Temperature
'9; 23 —— Outdoor Temperature
E —— Cooling Operation
Q —Inner Openings
o | |
= z | | o
Q + - : n
a L R W — off
i ! | Closed
Aug. 09 Aug. 10  Aug. 11 Aug. 12 Aug. 13
Time
Fig. 8. Operating results by predictive control algorithm
A7 H7t 717%ol Tzt v‘?ﬂ’éf’}% CED ol A =o] glrt. A YA AH 9] on/off 314=2 |=715t AJofrg of] &]5}od
£ 43 A1 SRAEE ASTA T AP LA @S Gl Ao L}E}wum H4N8L 67.07%

of EAflot= 71310l ﬂi% e
27.83%¢°1 23T}, vHH, A4

=2

Aow ehton] 1 ZhEe

Hop EAU 5 7172 @4 0]
FAE QT o= 7P A AR O] 27t Ao ogt Ao 2 At
FET B3 dE7)6E d eSS A8 o2 Ayt Bt
PgHo=z {AEHT gloew, ol= dead-band®] FIHL]I
24.5° CE 7|5LR 3 ZFHAP dA5] Eole Aoz eI
4= itk (2™ = AL 9F dead—band 9] F7Hke1 24.5° CL}F
o] 3o} S Aol e AT Hole, cfEAo]] A o
Fo| B-(152,9578/175,676-100 = 87.1%) —1~1° C Aol
EAfot= ¥ Zpol 7} AR of whe} 'Y Sla=7t AR 5] FolE= A

_IR rsh

5.2
Sotod, olelgt At A ZA o NS Heeo B H YA A

o] X~ o0]lo

o] Hrt oty Aoz 2}

o

d 5 & AR AfmEr

©Copyright Korea Institute of Ecological Architecture and Environment 101



o|Zom 775 S YLALE HAHE 9

Table 1. Summary of temperature- and system operating conditions

Division Rule-based algorithm | Predictive algorithm
Higher 2.85 0.61
Temperature | Within the
conditions designated 65.11 92.84
(%) range
Lower 32.04 6.55
SD from the 24.5°C 541 0.61
On/off changing moments 8,570 2,736
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Nomenclature

U: operating ratio of the cooling system (ratio, unitless)

Umn: U for a new training dataset (ratio, unitless)

Uowp: U of the previous cycle (ratio, unitless)

Unew: Uofthe current cycle (ratio, unitless)

Tnew: air temperature of the current cycle (°C)

Te: set-point temperature for the cooling system (°C)

Eowp: E of the previous cycle (°C)

AEoip: amount of change in EOLD from the previous cycle (°C)

TEMP: current indoor air temperature (°C)

ATEMP\: amount of change in indoor air temperature from the preceding
contro Icycle (°C)

TEMPcay: current cavity air temperature (°C)

TEMPour: current outdoor air temperature (°C)

TEMPyg: predicted amount of change in indoor air temperature by the next
control cycle(°C)

n;: number of input neurons

n,: number of hidden neurons

number of output neuron

number of datasets
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