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A Study on Effect Verification and Scalability Improvement of

Deep Leaming-based HVAC System Optimal Control Algorithm

Jeong-Hyun Noh

Department of Refrigeration and Air Conditioning Engineering,

Graduate School, Pukyong National University

Abstract

When developing energy prediction models or verifying the effects of optimal control
algorithms in a simulation environment, it is difficult to accurately identify
interactions between devices or changes in the indoor environment due to changes
in control setpoints. In order to develop a machine learning model with high prediction
accuracy for optimal control, it is necessary to secure operation data for various
outdoor conditions, load conditions, and control settings. However, due to the unique
characteristics of buildings and air conditioning systems, data acquisition for
individual buildings is essential, and this process causes time and cost issues.
Furthermore, developing a prediction model for optimal control is challenging as
it is difficult to obtain actual operation data for all boundary conditions while varying
the control setpoints.

In this study, a physics-based heat source system simulation model was developed
using Matlab Simulink and calibrated using actual operation data to improve accuracy.
After generating sufficient learning data for all control settings using the calibrated

simulation model, a DNN-based heat source system power consumption prediction



model was developed using Python, and a highly accurate prediction model was
secured through Bayesian optimization among hyperparameter optimization methods.
Next, a cooling water temperature and flow rate control setting value optimization
algorithm based on a DNN prediction model (hereinafter referred to as the cooling
water algorithm) and a rule-based chilled water temperature control algorithm
(hereinafter referred to as the chilled water algorithm) were developed. To verify
the developed algorithm, it was applied to a target building located in Hanoi, Vietnam
for a total of 244 days from October 27, 2023 to June 26, 2024, and the energy
saving effect of the algorithm and its impact on indoor temperature and humidity
were evaluated through comparative analysis of operation data before and after the
application of the algorithm. The verified DNN prediction model was used as a source
model to apply transfer learning to evaluate the possibility of expansion to other
systems. At this time, the degree of improvement in prediction accuracy was derived
and compared by focusing on fine tuning, a technique for relearning the weights

of the source model among transfer learning methods.
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Table 2.1 thA AE Zv] A}k

Equipment Q?EIZ;W Specification
Refrigerant : R-514a
Cooling capacity : 2,461 kW
. Chilled water flow : 421.98 m’/h
Turbo Chiller 4 Chilled water inlet temperature : 12 °C
Chilled water outlet temperature : 7 °C
Power : 402.4 kW
Cooling capacity : 4,077 kW
Cooling water flow : 729.66 m’/h
Cooling water inlet temperature : 32 °C
Cooling Tower 4 Cooling water outlet temperature : 37 °C
Number of fans : 3 EA
Air Volume per fan : 321,000 m*/h
Fan rated power : 37 kW
Chiller Water Chilled water flow : 421.98 m’h
Pump 4 Head : 290 kPa, Motor : 60 kW,
(Inverter) Frequency : 50 Hz
2™ Chiller Water 2" Chilled water flow : 194.4 mh
Pump 3 Head : 280 kPa, Motor : 37 kW,
(Inverter) Frequency : 50 Hz
Cooling Water Cooling water flow : 729.66 m’/h
Pump 4 Head : 210 kPa, Motor : 110 kW,
(Inverter) Frequency : 50Hz
Total cooling capacity : 6,658 kW
Air Handling 15 (B3F ~ 10F : 5,043 kW, 1IF ~ 15F :
Unit 1,863 kW)
Heat medium : Water
Plate type, Count flow, Cooling capacity :
1,211 kW, Chilled water flow : 208.32
m’/h
2" Chilled water flow : 208.32 m’h
Heat Exchanger 2 Chilled water inlet temperature : 12 °C
Chilled water outlet temperature : 7 °C

13 °C
: 8 °C

2" Chilled water inlet temperature :
2" Chilled water outlet temperature
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At A& Fig. 2.3 ~ Fig.

T (TLao)s AE 2749 W4
A el dAE 2EAAME Bl SHEHAeH, A d7F (Q_total)S
S v g Y 2xEAke W G388k ALk
o} Q7| EE 25T ~ 37C AER w3 o] 7| a7}t Ads]) A
A YRt A A% oF 1,000 kWh ~ 4,000 kWh H{] A W
shalom, FRAARS 715 2 5A ~ 23 6Alel FE A
Fap7h Asglon JFAZE W AIZkdlel] 7|2 %7F 543
A}

T E Eeka ek MEe A stk HZ A 2% 6
%

5o R I R Gl

7 5, CWS)9F 1 AAEE (CWS_set), WAH W AU

(CT_Fan)=, Fig. 2.5°+ B4% d=7 94+ 254 (olsh, 9%

T =%xk, Diff CWS)$F 1 A%k (Diff_set), W2t HEZ FI
S

(frequency)E UEFSITE @7 tell= W¥s7] 2ti7F wak 44
ol, A7M e F2 2AHL e YEr] 1de o] ddd 97
4

S, 975 Bze U@ o4 AU EASTh Fig 248 ®Y,
97)ems) Heldzre] ANz Mek el g%fs}ﬂ, 7 2

b4 et <dAgk + 200 W dela fAET e,
2 9d A @ 3 ASAA LA Fig 2514
e oewA Aol mEAel o8 2CE Aol MAe]

M £AHT Y= AL AT 5 Qo TPn Whs Lz

el

il

_15_



A 2% A7 WY

7F AR gkl E=EebA] Rk 21 PL Alo] 9] ARG Fdol A=

o] Fol A7 e Aow

o

—_

= ATt

-] U
{.4

40 5.000
36 4,000
g
2
£ -
5 32 £3,000 &
2 =,
E =
£ g
= |
g | g
g 2,000 8
@]
8
=}
b=
=
(@]
24 t 1,000
— T ao[°C]
—— Q_total [kW]
20 - - - - - - — O
2023-06-19 2023-06-20 2023-06-21 2023-06-22 2023-06-23 2023-06-24 2023-06-25
: Q= Bl =
Fig. 2.3 Q7|2 %%} #3F Fo
3 6
n o e - = = ts
o
=
2
;g 31
g
g
=
I 0 s
=
o |
B
<
B ol
g»
i
&}
284+ —
—= CWS_set[*C] 1
—— CWS1[C]
——— CTFan[-]
27 — ‘ ; : i 0
2023-06-19 2023-06-20 2023-06-21 2023-06-22 2023-06-23 2023-06-24 2023-06-25

_16_



A 2% A7 WY

@
S

-
S

Pump Frequency [%]

Temperature Difference of Cooling Water [°C]
15

Diff set [°C]
- Diff CWS [°C]
Frequency [%]

0 * 50
2023-06-19 2023-06-20 2023-06-21 2023-06-22 2023-06-23 2023-06-24 2023-06-25

Ao M= st dugFS gl HVAC Al AHe] 2 83517]
$13ll, BAS (Building Automation System)¥} $1-53l= = A oA AEIS

[l

TFHSATH Fig. 2.6 75 AJAIAH Y] S UEbin. ool
2]52 BASY data baseol AGE 17 7+42 AHOIHE glof}
A, dagFE Adstal 4 dagse) F4ol ghA H A st Ao
AAge stk AbEdE Alo] A @ &8 HAA BHEA
A E o]l Rabbit MQE &3l BASS| Device Management®] %%
¥ o5, 7 7R QeEn?. olF, v daugs A A7A o
AA 'L s Aol A kel et &E™, & HolE & BAS

2 =
of A s s A3 A 4 HelHz &g

=
dudlFe adE T8 A& dads A8 Ay Fo A
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oA A7 adE AFstels deo o gl Ak B AT
A olgst wAE sldsty] sl duA] A a3 AbE WHo
2 dgl AFEE3 Q= IPMVP  (International  Performance

Measurement and Verification Protocol)¢l| 4] =l

T

W ES A

3 T9. IPMVPE] Option C 75 WS AE Ao st oyX
UlES BASE PHOR, JUX Az Wete] HgH] o4
baseline H|o|EE 7|HtCo® 3IARAE &3l oUA AEHFE A5
sk 3 FA = EEtal, daugs A8 Fo AA oA AREF
sl A= Fol AFERE olvA] AR|EE Hlwste] avE Y Fset
= it
BAS Algorithm
Operation_ X -
Data Base Device Management | Data 1 L
................ »|  Set point Learning Model Optimization
Range o= calculation
b Now| SR & ool /- g,
Operation Data, Control i -\
| Energy Data Command
HVAC system | v
Chilled Water

Temperature

>

PID Control

Valve Opening

>
!@!
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A 3% HVAC A28 HA Ao duzF A3

1. Operatior data
- Outdoer wet-buibk temperatare
- - - Numiber of operating chiliers
- Cooling water temperature
Prepare operation data - Cooling waier temperatare difference
- Heat source lead
- Previeus contrsi setpoint valne
2. Bata pre-processing
- Remeove missing values & putliers
Load
DNN prediction model
1. Caoling wafer femperature : 24 ~ 38°C
. - Adjust lewer threshold limit : wet-bulb temperature + 3°C
Setting — - Previous control rapge +1 °C
control setpoint range
2. Coeling water {emperature difference: 2 ~ 7°C
- Previous control range +1 °C
Predict
energy consumption
Optimize control setpoint  [#-— 1. Optinzization Periad : Smin
h 4
Send data to BAS
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EE 7°CE AA™H. olF, BE AHU
o W7t Zd lE e S HIE(V.) e dAl = Sl ¥
o] Bt YT L Toemenn) s ARSI}, WE 7Y v,

T,

chws, set

= Kp-e(t)+ AT T T P PRI (3.1

chws,mean

017]}\1’ Tchws,set% l/gv{,: %E }\é;ﬁ%’l—[oc]) Kl‘f H] qu}ﬂo‘—]- [_]9 e(t)
o dA e v

max

b8} Apolo)al, T

chws,mean

oA £A B BE WS Lrolth WE L1 AN AT
) 2R % AU % AF BAS BAF A6, 95 L5t
@ M9 %

st wjo HlE AR K, #t= 27 -15, 5008 Ey
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A 3% HVAC A&8 HZA Ao daF AT

1. Operation data
- AHU coeling ceil valve epening Ne. 1-14
lg----- - Chilled water temperatare

Prepare operation data

2. Data pre-processing
- Remove missing values & ountliers

Operation
time < 1h

Seleclion .of PV : Maximum value(V,,,,) among
i Exveess Vartable AHU cooling coil valves
Chilled water & -
e 70 ) P
tempeRiirs I Measurenient Variable MV : Mean value of chilled wafer temperature

I

Erpportivnsl Control [a----- SP : AHU cooling coil valve opening 80%

N
.

Outlier Correction

I

Send data to BAS

Ny

Fig. 3.2 ¥ <418+ 3855
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SHHTE SEHeE 2 AWds 9rlske, CVRMSE)= 09 7}

= 27 A5& Yulstth o322 Q] M&V (Measurement and
Verification Protocol) 7}°] =%l ASHRAE Guideline 14, IPMVP, FEMP
ol ;] AASF= AIZHE dHlo]E 7]=<Ql R* score > 0.75, CV(RMSE) <

30% RESSlS AL AEE 9l BEl Aol ddsigit

e 3 — o)
SSE = Zfl(§i_y)2 ........................................................................ (3.3)
SR = 30 St G
PO ARGTE f ) T - 65

¥ i
— Period” TINICrUal e veeeeeree et e e e et eaaaeaa
Apeﬂgd a A/;nterml (36)
(S_ M)lzn erva
RMSEperiod — \/Z LeIVAl e (3.7)
Ninterval
RMSE __ .
CV(RMSE)(%) _ " “period X L) eeesrerensrerenrerrnnner (38)

Aperiod

ak, N,

nterval
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Equipment model
Heat source load

i 3 Power consumption
Operation unit number ; P
for chiller

Turho Chiller

Outlet
" cooling water temperature

Control model

Cooling water Power consumption

Cooli ter i flow Cooll . for cooling water pump
ooling water flow o ooling water
control pump

Set point
of cooling water temperature difference

Set point
of cooling water temperature

Cooling tower fan

Air volume
control —
Power consumption
L» for cooling tower fan
Air flow _—
Temperature and humidity Cooling tower

of outdoor air

Inlet cooling watertemperature

Fig. 3.3 A28 AlEeold 25

322 QYA 2AE AlEYolH »d Jjdt

e BAS el 3 YEate)
Ak 957 AEIAe bl F4e 4 393 gor,

™

2l 3.109F Zo}

o 2 2
Power ey = agtay Q@+ ay Q@ +ay Tew,y T ay Tow,iy T a5 @ Tew,in (3~9)

(Q+ POW@”chizzer>

(m-c)

TCW, out — Cc hiller’

AZIM, Power, ., = &7 AHHZF kW], °olth Q= W57
K

AL kW], Top., o B871 4T 945 5 [°Cl, me



A 3% HVAC A&8 HZA Ao daF AT

4 [kehl, o= £9 vY [kg/kgK)], ap~as= A ohebu]E

[ G = B8 A [Jolth ¥E7] 2ol gyl

o) dg¥al, Wiy £AdUS, W) AT W xS §

Folwl, Edole: ¥g7] AYiuFY P57 27 45 £
3

ojth. o, A ¥ A 7FF 9 eV A= 9
&

E
e
oL
off
N

949 197H 98 5AAA 208 7
stol AxAsHe JNon A&
SERRSITh old, WElY AEanFe ALY

%?,
o
ﬁ
[
iy,
i)
rir
=
S
a
w
Iy

score 0.94, CV(RMSE) 6.3%°]H, Y457 =7 Y7t
JE L= R? score 0.99, CV(RMSE) 0.74%°] T}

Table 3.1 =22 AlEde|d 24l . stejv|g e} A Al AAt
a3

Qg a as as ay as Cchiller

-289.275 | -0.01845 | -0.00000 | 26.30776 | -0.50222 | 0.006311

7986783 87526 94459 58951 54366 2951 1.28
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o[N

zZyerol Sukal FH Ao thek &2 A A9 (coefficient of mass
™ =

=4
transfer) 2 & 2] )<= oleks] zbe sk AAF Ao|t),

o

Q: CCT . (ka o A e T LMED) .................................................... (311)
B Ag I d@ 0.45 G d@ Cs 0.46 ( d@ )0 74
ka="17.5 (df-Cs) (A 71'?/;) 1 i — (3.12)
By — hy)— (Byyy —
LMED= ( wl 2) ( 2 1) ............................................... (313)

108 { (o1 = 1)/ (i, — 1))

o714, @t I4Y dndF (K], Cupe B AT [, kit =
A A AF [keal/m’h (kealkg)], A= B2+

7= 378 ZF2A Eo] [m], LMED= =1 Hu dEuxt
(Logarithmic Mean Enthalpy Difference [kecal’kg], Agve 7] @A =&
[kI/msK], 4= Y24 T2Ae 4% A5 (Equivalent diameter of
Cooling tower filler) [m], C.= +3&7] B]Y [kIkg'sK], LS FF
[kg/s], r+= =9 HF [kgm’], vy= =9 FHA4 AF  (kinetic
viscosity of water) [m*s], Gt WZ4H® A FTH [ms]elth Y25

go) AEgke YA 9T 97
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323 Aladeold e e A5 Bl ooy 44

23d 49 195H 9€ 57X e A AHO|HE o] §ato] A
Al g AlEEol e Hid A =S AFeith 1 A3E Fig. 3.4
of Yetth W7l dH AN FE o5 J T+ R score 0.96,
CV(RMSE) 13.5%°]", W¥Z e dgiv|ge] oF JFd== R
score 0.88, CV(RMSE) 15.1%°]t}. ASHRAE Guidelinel42} IPMVP,
FEMP (Federal Energy Management Program)oll 4] AlZF FA o2 wWA
gt AlEHolAe] 22k & 7]F R® score 0.75 ©]%, CV(RMSE)
30% ©l3tE BT WEESSIATEOS?. Adst AlE Yol

7

5
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Feadforward

.
-

Bo® L. & 2 o aul
ks ’ f - ot B f P W " By
TP SN L) I W— »(qlho) }io - out) |
N\ S, Sy o
) f g ' Lf. (o)
1 a1
s

o
(2, () f'@z,
"

H { thatput Layer |

—

Backpropagation

»

Fig. 3.5 DNN 7% & 7}5A 243 daudF

243t strEe us AW FE AREE+= ReLu (Rectified
Linear Unit)e AFE3F3TE ReLu & 2 3.163 o] 45 gto] &
T A =85#e V=7 (29 4 1°]2=, & Tanh &
T Sigmoid FrollA EE FANY T WHASE VL] A &
A WA = Atk

Fla)= [2 gigg ..................................................................... (3.16)

7t dHol|EE 93 #Ejulo] A (Optimizer):= Adam (Adaptive
moment estimation)=  AF&3F3 T Adam< AdaGrad (Adaptive
Gradient)®} RMSProp (Root Mean Square propagation)= 233t &=
2, vud] rdekA T Asd a8 ottt 54325 MSE
(Mean Squared Error), =2 A5 H7FA 3% (metrics)=+ MAE (Mean
Absolute Error)E AF&3F a1, A 3.17 ~ 3.183% o] EpiT,

_34_



A 37 HVAC A|AH FHF Ao dugF A5

1 & ~

MSE = ;Z@l_yl)Z ................................................................... (3'17)
=1
1 & ~

MAE = ;Z Yy gy | rerreeeeneeeesees e (3.18)

=1
o714, ne HolEe F JNF, g iAA AAZ, g 1A o
Z3tol .

3.3.2 DNN 2 7id 7] 8

= ATelM= HVAC A4S oA 2HE S 538H7] 918
Pythone &&3to] SRS 7Estqltt Python HOE 4
$8t Pandas, Numpy, Matplotlibo]t}, HMAIe2{d-& 2|3t Tensorflow,
Pythorch, Scikit-learn & kst ghejBelg] 7} g ojglon, 7=
7h vlwd rdsta A @Aolet sty EEl A-Sof| HWol ARg-Enh

DNN 7]8F o5 9 Ao 555 Fig 3.601 LeRdATh 7L
WAL 1) HolH A E F5(Building dataset), 2) sto]3 It2lv|E
213} (Hyper parameter optimization, 3) DNN X @ 2% (DNN model
training), 4) =& A &% H7} (Model Evaluation)=, I 7| 4&-A =
ded A v GAL HolE AlE Rl AUAAE AlEE
ol FEZ Fall ST HolEHE T el FLs HolHE A
gstal AarstE Fal HolHE e AVlE AT ol F, st
ol# Hetn|E HA s 9 oS =2d s5s fld shEdolEE g

58, A58, HAES 3 BFE Wrodrh teeR, Bl ¢S5
Ao FEe fdl sholy dEvy HAsE Qysision, A4
3} A9 = nigto g ndl LAl YA A AdE An|ES o
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Setlty. wiAMe®, HAESR dolHE o]&3ste] R scoredt

CV(RMSE) A& 7|Hte® RHo] A5S F7bsksitth. ofgdlel 2t

1} Enilding dataset

- Hoovir Bata

1. Outdooy air wet balf temperatura

2. Number of sperating chillezs

3. Heat souree Inad

4. Cetling water temperahire

5. Cocling water temperature difference
Building dataset  [o-----
1; Data Nermalzation
- Min Max Scaler

3} Drara Spiit

- Frain Dataset H4%

- Validarior Dataset 3804
- Test Dataser 24

v

Hyper parameter ol -- - Bavesian Optimization
Optimization i

¢ Agtivation Function 1 Relm
NN Optimizer : Adam
D j\ri‘a&el - —-- Chjective Funciion : NISE
Training Afetries : MIAE
# Epoch : 210

NO Criterion :

Model Evaluation, >4 22 tvmser) < ASHRAE Guideline 14

=D

Fig. 3.6. DNN o= Ed /j¢ 5 5%
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3.3.3 DNN =2 73

1) dlole HNE #F/
& oy Al AlEdelds 3l S doly & &2 A el
o8 dYA " AHau R JFES A TS AT
dEdelE = 97 7%
of A WA 2= W ¥z Ao
AAEE FASHE HRY SV, WA, 97
SAbzE (018, LA A8 A AnEhHE ) Table 3.20] YeF ST )
oE1E 1] AAY A= Qe nd T AstE WA|E
olH] A s Xstqlrh. thFet AFarsh WRlol EASHAIRE,
T-oll A= Min-Max Normalizations AFE-8FTH (4] 3.19). 7} Ho]H
o HUS 1, HAA2#%E 022 AAsHH, UMA #ES I AR
Helel &Fete= tolE e AVIE SAATIE WHoR, HEAe

Egs (xxx)ol YEFHRITE Aatstd dHlolE = o5 Rds 5
e E8 24 dntst des HAESH] A A8, 19
7 U HE A5 Foldy] 93 gAELOZT HEx

-

4o
)

r HE
2

o

FolL Z47ke) olE A AA] HlolES 64%, 16%, 20%E

oA71M, Y= Aarste g, X= 93 HolE g, min(X)2 Ho]H
AE S # %4k, max(X)= dlolE] AES FHHgko|th
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Table 3.2 DNN E 2] {]&djojE], &8 d|o]E
oy & W=

g loly A AH-3F [kWh]

=g doly

2) stols defulE FH A 5}

stol¥ stetujE = e AAAE A s debrEEA REl
A5 dre st mdol & IS A= AR HASIY

dasith stoly vefulE HZA3 W= wWwd AMA, 2d9=
A=A, G AA, WolAE H A5t Sol Stk Wiwd MA = ARSA
7F Aol iQl el o8 A e AFsk= ‘ﬂ”ﬁof&l, «

=

DE ZES O A wEel ¢ S5 A5e RoFA
A4 Azt ed) Agt wHol k. AW AAE AEA)
A% AAst] 1 Hs Welq AR 99 soly sehug

ko] 2 i gyolth 1@ = Ao vla] A7 2

Ho| M= o] 58 BAN TR ¥ HEguHE AU 5 9l

| O TR o222

= Ao AR e A4HE 2
z, oA wdn 95 g5 ool Yok oA
2@ 49 E7E Q99 WaE vhgow
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3}
shi= Exploitation?}, o] A¥s 5 ZFAAZF HAHHS 7= 2
A FHe ©@ASE Exploration® 2 vtk AEd dHite EE
st7] $l38ll 4+, Exploitation2} Exploration 7F%] A z-st 24 i
th. Hee o] F WS A HEEtA o]f3= El (Expected
Improvement)7} o] AF&=w, A 3207 Zo] YERE = QY.

ELD) = (- o] /=42

D o,
- ) (3.20)

o] 7|4, Ex= EL )& MAX, r& AA7AL HAZk, ) I
I, 0> 72 3 9 (cumulative distribution function), o< Ak, ¢

f= (D) |

>

S FE Un ggolth f—u()S o i AR, o

(o)
A, Bl 58855 HALstey] 98 54 Wit WA 2e
gES U T4 22 g8 SFEUEITE 248 A
s AAksth &, Ele 848t st A olA AT 5 e
ZTHAE AXYste], v dEgor =T upeba] oAl
HAs=s BAdFE o AREs HEOR dHHS FHSa
| dEu= ol&dl HAEFE Fsk dA BEs dHolET
ok old d¥kE wkgetar A HAASE 7] v, A WS
of Hlal AZFHo 2 BHIRAOT FEto] B Aol H|o]A



A 37 HVAC A|AH FHF Ao dugF A5

%t HAAFE o]y wev]

£

24

oty
~
rE
o
il
>
o
ol
1%
O
of
o
&

N
N
rlo

°
o

= = 167 ~ 2567H, T3ol2 0.0 ~ 0.5, 552 0.0001
~ 0.01°]t}. Ho] Xt HASE Ax, HA Q] stoly Tepuy FFH>
YT T N, A eUS H B e 15670, 17370, 8770, =g}
£ 0.0, 855 0.00012 A=}

Table 3.3 DNN X 40| &lo]3 u}etuj 43}
R A3}
-493s T 271 ~ 107} 370
7t 24954
e 2 1670 ~ 2567 15678, 1737, 8770
ol 0.0 ~ 0.3 0.0
S8 0.0001 ~ 0.01 0.0001
3) DNN &4 3h&
stols Iefu|EE HAs)e REls o] gsto] Bl g5s s
Atk olu, 5 S= 20007 Tt st5E HolEE o] &3
ndS shEA 7|, B s H7F o]def HA T e FAE
Adstz] &l duts AFS AAT wAATY 2 R
AR E AR, 2 AT A= EEel AFRE A 2 HlolHA ATE
to]E] S o] gal Validation loss7} 73 @& HEg x%HA< ¢y
[e)

_40_



Al 3% HVAC A 2" HF Ao dauglF AF

4) 24l {7t
g4 2dl o5 Agr AHE Fig. 3.7¢] e S 2E
o] g% H7lol= R? score®t CV(RMSE)S &&-3ith. A3k

o Zzo] Ao AX Ao, o= AT R2 7k 0.99, CV(RMSE)
121 %°=, ASHRAE Guidelinel4, IPMVP, FEMP|A A|A&t= 7]
T BT RSskeE Aotk [28][31][32].
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Fig. 3.7 DNN 24 o S54dx A5 43
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A 3% HVAC A 2" FH3F

3.4.1 Alo] A3k v

At} Fig. 3.8 ~
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Fig. 3.10
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7 A vhEr

H 2
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o
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A 37 HVAC A|AH FHF Ao dugF A5

342 HA Ao dudF 29 A5 A

T E Fig. 3.119] Yepdity, »E Yrbisl g o Qlo] algorithm £-

ol
ftlo
jns)

|3kt 1 A3E Fig. 3.129
Ao|%=  Baseline =49 H WU Fsk= 1,3305 kWholal,
algorithm 79| % Y F3F= 1178.7 kWh=, algorithm
°F 114% 2> FoF Zxoltk oluf, WE7]el AHAvF,
baseline %1 239.1 kWhol4] algorithm % 1944 kWh=, baseline
=7 o] 18.7% AHE St WJgre] e An] 2] baseline %
107.6 kWhol| A algorithm %1 58.9 kWh=, baseline 7 thH] 45.2%
AzrE vk W PO A AN, baseline #-% 46.3 kWhell
A algorithm =% 25.3 kWh®, baseline = tiH] 45.5% HAHHHA
otk A¥, dAA A" AH AU S baseline 4 393.1 kWhelA]
algorithm +7 278.6 kWh=, baseline %1 H|3|| algorithm 712

o]
PRt 11.4% A Ze] vlske] Ao AEES 29.1%
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Al 3% HVAC A 2" HF Ao dauglF AF

450
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50 I l
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Chiller Cooling Tower Cooling Water  Heat Source
Pump System

L e
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[=] [=]

[¥¥]
[=]
(=1

Power Consumption [kWh]

EBaseline BAlgorithm

Fig. 3.12 3t 7%k 1,000 kWh ~ 1,500 kWhollA] 2 v 2F vl

(2) IPMVPel| &3 dv2F A7 a3 1S

duEF HE WY F=
ANA &z HFol E7best 2]
= AEoR A% oA H a5 #4357 $84, Baseline
Aol E o] g3ste] HHWUP7F UAAAH] A dwFola T
H5 7 YA AR A8 4n]%F2el PR (Polynomial Regression) Model
= T PR Model®] A3 3| FAF9 2t& A3E 4 3213
Table 3.4¢] LERATEH

T

A7IA, P FIALE AHAPF [kWh], Q.o DYAAAEH

A D, ag~a,= 3 AAS [-]°]1th. Baseline®] PR Model®] R* score
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[28]. PR Modelo] &12]F&F &4 Al A A8 A2 g7
=
-

shod, 7] 7ol thdt Baseline &2 HAAAE #

3 YA AE AE AU S 2422 MWhola, T3 WHlESlol A
9] Baseline =% YA A8 AHALH]FEHS 301.5 MWhE AFE5E S
ot A3, AE717F o duglEo g 2d 59.3 MWh, °F 19.7% #

o anlge] APHASS &

r o
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—l—l
4%
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Table 3.4 Baseline =519 A|AEl dev|gF 814 Al AL A3

3] AA T
Qg a, ay
208.3805879668 0.1089605830 0.0000260089
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VAV AHUSY F7]&% (Ts§ ~ Ts15)8] #lo] A& E wlwalgltt.
APl AA gk Akl Aol & Fig. 3.14¢] YEFHTE. CAV AHU
o Ay 2% Ao &% FA A Tr7= A 28kl baselin &7
Al AR AR 2ol o) F3E7} algorithm A XK.tk Fo} Holu}
baseline?} algorithm X5 o< AA gk +1°C oJUl= Aloj¥ At}
123, algorithm =H¢] Har AWE7F baseline It 0.1°C ~
0.8°C WA Alo1=] It} (Table xxx). VAV AHU9| #7] &% Ao 4
g% A4 A3, algorithm =3 Al AA| gk DAL 2ol F
= A gkl mat 57 227F kAo
2 A= &S g1 5 Qlth. HHH, baselineol| Al Ts8, Ts9,

Tsl4, Ts152] %x} BE3x7F B1& AL o2 717] tiv] sig 7]17]9]

&3H
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Al 47 dolgtg 7wt dauE &34 A

(0]

A 47 Aolste T dueF A A1k

o HAA dayE AT ATE Sl
(Traditional Machine Learning)< 574 Ay Aol =&ka] 71d

98 FAsor s FAS AU
]

H
= HE A7 e olHd AsAd waled dAds S5t
71 flall, & AFelM= A3 Fde HolElR me AR gaE B
2 (Source model)2] 7lFEAE Ho|E|7} FHIE &

Fo]e<5 (Transfer Learning)s &85k Th (Fig. 4.1).

e

< - Th y
&
| Loaring Sy Knowsedge Transfer | N Learning System

Fig. 4.1 AE2A WAl & (F) vs Ho]g5(9)»
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A 474 Aolgtx 7]

(=
e
K
L
m[N
Lo
o
oX,
=
2

41 Ho|
4.1.1 AolgF 7He

HolgkE2 1995 NIPS-95 (Neural Information Processing Systems
1995) YAafolA A FAFgez =08 VA st WHEo =,
g FAllA Lol AAS HE AER FAl A Estu= Jid el
A ESEEHAT. o] & olasty] A= =HIQl (Domain) 2]
(Task)oll thgt Fol& &3] shi= Zlo] A&ttt Pandt Yang® ¢
ToA Z=HlH AdS & A8,
AN 2 Z47F A 419 A4 425 YR 4 9l

2 4164, X= RE B4 e 20e ousls 54 37
(feature space)C. . W =21 Hlo|HE A A, P)T ©] 54 &
b Xof| tjgt A &E W3 (marginal probability distribution)=, U]

olH o] ZxE YEhdn. =, =l HolHZF e ¥t ¥

ke

o7, st& /\]’%ﬂ% source2} Btszoll AREE targetd] =}l
Zkqjoll wet 852 EFE Table 4.1, Fig. 429 #Zo] yebd o gl
=
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N
(=
1S
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L
N
o
o
oX,
=
2

A, source$} target®) Jo1 2 o] 7o AL <luzr ol
u Al Egel STk ol AwAel val et mu shs
AT EQ A LS I SL Aol A 9

o
AR Zo] 2 AYT A94d Holgs (Inductive Transfer
Learning)ell @it} ol& FAg Z=wds ARESHAINE #§io]
sourcet™ - C|al targeto] ¥ HAEAH A= OE FYS §
ol A= Yulstt}. Source®} targetd] Ew|JAI 2ol B T
A5+ H|A = Ao]gE (Unsupervised Transfer Learning)oll 3l &S+t

ol MEE HOlHE Sgshs ol ofF HHEWeM £ +

ATk FFRAIEFO 2 target¥} sourcel] EW|Q1S ThEX|WE zF]jo] &
A5+ W3 Ho]sk (Transductive Transfer Learning)oll 3l Qs

o]t 7 Ak el o] 52 oulFu.

Dy=Dp To= Ty | Dy=Dp T # Ty | Dy# Dy T # Ty | Dy# Dy, Ty = T,
s Ank el e H] 4] &2 gt

S| 2= S| 2= S| 2= S| 2=
A ok ok ok ok
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"Usual" ' Inductive Transductive Unsupervised !
Learning Setting | 1| Transfer Learning Transfer Learning Transfer Learning |’
. A = :

' N Transfer Learning'

( Domain Hﬁaptatiun)

Fig. 42 =¥ 7} #4e] wp& shx 27

Al Holgkss WHlE0 2= 54F=7] (Feature Extractor)3}

%7 (Fine Tuning)?] At} (Fig. 4 =]

golo] (layer)oll X M= v SAS st 725 7HAH, HF
2 54 A A =9 APsvl AAMe =¥

(output layer)o] FQsttt SAHAFE7]=, AHA 5% source 2

S AAs whHolok o], source EEO] 2YFL IR 1A
=1

)
SHA T source F RO TS 1A SH7] wlimeol, BRY f-AAdo]
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H-538H, target HOJENES] 5SS T38| REFeA] X &
B2, target ZAYolA TS A5 Aee B olde 7 ATh
nAl 22 SAFEVdE 2, AR 8t source BEC] Tt A
= target 2Fgoll @A AstGale Wolth Ags MY W AR
AREAZE o2 AT ¢ glow, AA 2
dojojvt AeHd s i, AMER #Holo
ATk o]l source =W} target =L [AMY, target Hlo]E A
o & Tol wat A8 ¥ Source BHO TS AE A gFst Y
MEL HololE F7HTOEM, target =M1 Ao SAS Y
|

|
a ¢ oL, target AdelA SAFEVIEH ¥ 4
O
T

=
5% AlZkoluh AL Bl go] ) ol 489 4 9O, target H]o]
Bol 57b FEeY target RO A% o] AstEi w4 Aol

(Negative Transfer)o] Ay sk 4= Qlt},

------------------------ Fine TUNING coemoeeeeiee e - Feature
Extractor

INPUT INPUT INPUT INPUT

i {
Layer Layer Layer

| o N e

OUTPUT OUTPUT OUTPUT OUTPUT

Layer Layer

[ 1 Frozen

-~ Pretramed --

New

Fig. 43 "N ZH & EX4F=7] +%
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A 4% AolgL 7ut d1eE FAA AA
413 A3 A5 9 sHAH

FHA 9 391202000 HolTHS &3
Term Memory) 7]1HFe] A= oy &M o5 Z= 7S 54
2 AFE APsQrt. Hdolskyr uiid AES
Source =&t H=ol vl& @ Fot s 7HA QLS
Source &2 F 5709 F O & o]Fo]X LSTM 7|Wte] o= =d
a1, Holghsg BEle source RO 5719 Holojol HERE F7tH 1
Mol #ojolz FAE k. ¥ % HS2, source BE
£ sty T4 AEEs mdo] oF AR E gy AE] go

2o FEgrel vluwskgitt. O AH, dolgs nde
A5 source BHO HolojE BT ASEIS W 7HE =gk
o5 AegL AIA] CV(RMSE) 22.8%, MBE (Mean Bias Error) 1.35%
2, U AES dolErt AFgsk 2HEe] AJstE CV(RMSE) 45.1%,
MBE 6.0%°] "3 7§15 Sl

=
w2
—
<
=
o
=
0Q
72
=
o
=

Miguel Lopez Santos 2] 691 (2023)*= A9 oA FF A A
NUAE a&do 2 AREst7] 8, Holgrt 53 das i
°% HolgtEzE A&stth Source BEE AAL 53 AL

TFT (Temporal Fusion Transformer)= <833t &
ool Azel Ui TFT g Awe, ol HolEs} B 2

kol 7F wrow o] F E3l HolshFe §I’Jr§€ As3t3 ot
1 9o, dolggFe tdeRE = HAEY dHoly A7], source
A9 farget Z2 {Fe AR, AlEdolAd dHolHE &&3 Ko

ol Ad AT dAlE dE Fskd olyAl A
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Al 47 dolgtg 7wt dauE &34 A

A Arel #ARE FHS] dd, ® ATelAL A4 g
AN A A3 a3t HSE A5 EES source EHE S
EF Alaglo R & 7hed B HA AllE A% Holsts &%
el dia mastua gk sk, %A AT

3 A ]/\Eﬂl/]. Z%slg]_ }\]

LS D
o] 9o, $HA O e AT

252%9] Al A~El A xH| S A 7FA

!

42.1 4 A= W HVAC A|AH

980 m’co|t}. WA A
o2 FAEH oy, 7 AFdME A

2] VRF (Variable
Refrigerant Flow) & ZA]2~El(Sysl, Sys2)= tld o= 3sgich oju,
Sys1¥} Sys2+= §4 % 77|15 ARG Sysi A7) 17, W
Bzs od, Was 23U A E] o, 717] AE Table
420] yeRdT A7 Wl R410AE AFE-3}al, digital scroll 3}
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Al 4% Adolgs 7t dadE A A

FVI scroll 45715 &Alsta Qloh olw, Wils=-S 116 kwE)),
145 kW), 174 kW@Th)olw, Z}zfe] Adjd =2 232 kW, 29.0
kW, 34.8 kWolal, BE 219|719 EER (Energy Efficient Ratio):= 5.0
oty WHE 44 W¥zbsgo] 3,150 kWolH, F5Fo] 6,444 m3/h
¢l A5E W 3hivE AA o vk W H2 AA w3 426
m3/holw, QIMEIZ} FajE o] Wi Aoj7t 7hssttt olu, Jzhe
A Aot W4 AL HFF Aojol st WS off e} ok

Gz 3 Ao - WY 25 945 22U AR REete
= Wzhet WMo £ (high, low)et =
W 7 xﬂOJ D el
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Table 4.2 79]

1.

N
=
Y
)
s
(e
ofy
N,
2=
e
K
)
m[N
fot
o
oX,
=

Equipment

Specification

Water cooled

Refrigerant : R410A
Compressor : Digital scroll + FVI scroll
Cooling capacity : 116 kW(4EA), 145
kW(5EA), 174 kW(8EA)

out dZoI:Funits 17 Power : 23.2 kW, 29.0 kW, 34.8 kW
EER : 5.0
Cooling water flow : 22.8 m3/h, 28.5
m3/h, 34.2 m3/h
Cooling capacity : 3,150 kW
Cooling water flow : 426 m3/h
: Cooling water inlet temperature : 32°C
Cooling .
Tower 2 Cooling water outlet temperature : 37°C
Number of fans : 3 EA
Air volume per fan : 6,444 m3/h
Fan rated power : 30 kW
Cooling Cooling water flow : 426 m3/h
Water Pump 3 Head : 490 kPa, Motor : 75 kW
(Inverter) Frequency : 50 Hz
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A 474 Aolgtx 7]

2=
e
K
)
m[N
fot
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oX,
=
£

4.2.2 Target Al A8 770 k<l

Source A|Z~El (Sys1)¥} target Al2~E) (Sys2)= H|w s}l vl &
Mofl= tiEY=A] 20239 8 7UHEH 8¥ 1297HA 9 - dolH
= ol &stlth. A= Fig. 4.5°] HERATE 27 elA HVAC Al 2~H]
= T8k 2 71719 AYange AEZAE B8 S89 AA
HolB & o] &3tk Source A~ target A S AJAED A E

&

2B Bld A9 ARE e BolARE, target Al A~FIO] U

{

S A|AE "AES 48|83}

AH A¥S &
F7HA O 2, target A FIQ] Aol AL W3} AEHE 45
(Fig. 4.6). 2ol 20231 6¥€ 16U5FE 8 2871+ 2 79|
£ ol &3ttt 2] 1ol AAZ2 Wstghe k. Eatstal, W
<5 ARG Ao g8 AAE G wS 32°CE AS A
ow, Wz 2= “dAg + 2C” HY Wold SdEAT W

Zpeof] ol&l 20231 7¢E 232 o]HoE= 0.8

the WASHA ki dAFst Fro®E RHeka glo] HAAE 9%t
ShsRd st Hedt FAtolHE SdRE + gty ol d A
o] ARt R, & Ao Holdtga ol &aMA A HolH
2 5% source B ThEAE &85, TSt AAIZAAA A
o] Azt WAT oyt HE53 target A AFE] StE RElle
kst A; gk
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Al 4% Adolgs 7t dadE A A
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Power consumption [KWh]
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8/14 8/15 8/16 8/17 8/18 8/19

-

Source system —— Target system

Fig. 4.5 Source % Target A28l A& AH|=F vl

Tempearture [*C]
Eui
[l

3
Pressure Difference [kgrom2]

G616 &2 T2 T FIE Fi2e 8/3 §/¥1 ®19 %27

—— Outdoor Temperature —— Cooling Water Temperture —— Cooling Water Temperture (set)

—— Differential Pressure —— Differential Pressure (set)

Fig. 4.6 Target A28 =774 H
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kWhz atqlth 27] F7-252 W9l 18°CeolA] 31°C 2] HelA]
1°C 7tAC 2 WA Y, W2y &5 AA 7S 20°CoA] 33°C |
9l HellA 1°C tACE Ao, Wiy 2as «9)7] 7=
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1.0 mmAq H9 dlelA, 0.1 mmAq (HACZ WA AT AP 2
v AA =71 ZQ Aol Ak disiA AlEdEel e Hdste] F
3,67571¢] A7t stgHlolEE A3 sEiT.

Table 43 MLR AlEdgold Bd . 7]7] 2do 37 A 2 HA
Al ALt At

i »nA
31 AT o~
AT
ay ay as a, as Qg c
A12]7] | -42.2598 | 4.9216 -0.1295 | -0.0696 '0'02000 0.0098 1.34
Wzhel | 284186 | -7.6981 0.4233 0.0597 '0'02000 -0.0019 | 1.19
7} 2=
%;g 40.1349 | -0.07145 | 0.00002 | -61.4801 | 17.9800 | 0.0644 | 1.09
T —
Table 44 MLR Al EdgolAd g . v #H7} A3
R? score [-] CV(RMSE) [%]
A 217] 0.89 17.3
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