diolg 7|9t AH o5& T3 71AE SIEHE FF Ao ¢1yFE AT
Aol A, olals, EXAl, A3, HAZ* H3A
At <LG A4
sguyed@sogang.ac.kr, 1hj910120@gmail.com, thsalswob36@gmail.com,
cracker2345@naver.com, *jaehong02.kim@lge.com, hongseok@sogang.ac.kr

A Study on an Optimal Control Algorithm for Residential Heat Pumps
Using Data—-Driven State Prediction

Yeji Lim, Haejoong Lee, Minjae Son, Daewoong Kim, Jaechong Kim*, Hongseok Kim
Sogang University, *LG Electronics

o

E

Q
.

VAU e Gt ] R0l o 8 sl 938 wel Y A tel A by
A9 Ao} At Aotk WAl Aloje] ofel¢ We Alole] Az FEl L% WS AN

gl A, A4 AR 20l BE 47k L3 ek Aolt) o) sds) A Aol g ol
BT AN S RAL ARSI A5 BA JeHE vl A5 Ao] LueFE ALt

LA 2 Rl Jlone s gu AA, v g
T o =st7] flal AA AN SAHE Fubs, A9
Az A AARR oluA av EF Pl Fad Ay w7 &% e ¥y L% FEREe 25 L%

wAE dFEEA FAE HEd T AIAE, A delewrs olgstol wmge dHFR E¢ 2=E

A% AA T 7P CduA de Al=Ee] FaAol o 538l multi-target BEdE& Esch. E4, L

SR ek F9 A Y oA pdl AR 2@ N8R 4 oAb 43 dudFe 35 o

D) S obd @ £ e W by bo%. JlEel At AA AvlEE paAzlen ol

25 T 15%7F AFEETH1] AA ey A ‘H]«] el 7Hg oA de Al=FEelA e AlA HlolHE

3Y RRE WAL BE W Aemel BEAD  cliw AEHE 44 Al oS walt

Aolg Fall dAyA wE Az"e] ga84dS ST

F 9t
FAE Wyol =3 Ay #HAE  A=HS I. 2=

Zagey WE £E &4 duAe o Wi &8 o i

L e o aen aad DR AR w e S SERE AolE S A

o owst ol oA  =wel olmaze ~ MPC LAIAFE FAL tEt 2.

HAddi2]. 28 afsr] 918 23 anl W min NZ] power(t + i) + a \Z] discomfort(t + ) (1)

Alz='l A ds AFee 7171 WY fA 229 freatkl 5 i=0

AAG Fxe P odu. odd FAE AAz v

AzES eqdsim ZAs] oEe B AA = s.t. 2 discomfort(t + ¢) < 2 discomfort,.s(t + ) (2)

deleE 7IRtez o SsjoF IrH[3]. olest IAE

;%—_‘L:__ %Hg— /\]/\E]ij]_% /é?%?ﬁlgi ;{1]0%-3].7] SH%H E_ di:-;(:()mf()rt(k)=(J(:L:u(k)v(w;Lt(:rouh(k‘)—L‘(Lrg('t(k))z (3)

ERAE AAZ EHA AFEES AFESHA] Fa AlA discomtbrtmf(k):oc.cu(k)-[waterout,.,,f(k)7target(k))2 (4)

=3 o]EH "L o AN AHS H5T

_';;ﬁ ?_?]6]-};1 L;ﬂ;] = 1—04 1‘/_]—11; A]EZ:—E:‘:]; ‘l—ig% e power(k), waterout(k) = f( freq(k), state(k)) (5)

=5l AL dolA £n= wyd Ao dmyEd waterout(k) < 80 (6)

Jzsith, 718 E9o2 2t 3 E 2o FIFE where ke {t.....t+N*—1}.

Alojstz] fls MPC W4)9] are]5& Atk Model N": history sequence. N®: ahead sequence.

Predictive  Control(MPC) W4l  Fojx1 @A)

FEl(State)oll A wlEl Aol ¥ (Action) & Alo] WF=E 3AIZE Aol HAHFEAS Zo] vPgS 2T F YA

stof vl E¥AE oS, Aols FHs= WAt sl my 3 A Aol AYL et Aol wWFE

Agrel BEELES W 9w FAse] olUA  gegue] Faaolw AHSe Hrskshod s

ddsty] sfsl MPC BAs AEstel 2asFs Atk (3), Wl BYH= gAY EdRE E5ewe

AlFert. Exero Aole] AlFI AAA] FFE FHEE

W] oz Aot oju occuk)s HERZE Fhol



Power —— Frequency

——— Heaterwater

Target --- Reference

Home #1 control result

without Penalty Term
12000

120

10000

100

8000

80

6000 60

Power

4000 40

2000 20

Other Values

Power

with Penalty Term
12000

10000

8000

6000 60

Other Values

40

20

Time Time
a9 1.MPC Ao} =3 Ax}

31C mukel AL AAATE g AR HFEHY] index with (2) without (2)
0 o2 olgel= 1 = AAstgirh. A@2)lA A2
BAEE REY A 2PoR Agdel J)Ee ' . e
AolreHRtt HE2EE © & wEsbA sGth 2 31.33 4518
2(5)= MPC w49 duglss F@strlel A3
222 Foa(actiond] W AHP, EFen(w Table 2. 7] Aofell dg AlUA Az} A5 (%)
state)& 4EAA @2 5 [ 2 HARG 2 =Ee exntl olux Azte] Byt AalAE Gz (2)2 9

Ao g f & [3]9] Aydet #Zo] MLP %9
AP oZ A sk 43 gt

(2)8] ®AdE B2 AtkEdH A AT
H|AEA O 2 non-convex wAE AHFHHW BRI}
=2 HAHs TAeoltk. olE RSy f8 Altd
dag]Fe HA2AC AREAY] EWHEE penalty term
a2 Frhedn. olE FE sF AdE S

A48s F&
86% FrAdh=
A= R

L

Al7ko]l Bt 12.37 HolA] 1.77 Eo =
A3E ol Alo] Ao dH-Q
Penalty Term ¢ #%& vt¥ A3

yal

ol

vl AbgAtel BHmel oy
5 9eg o 4 olrh
Agkd nEe A
270e] 74gelA AAsH, 247t 1
dolEE aaich ALdel Aol
2 4g HAE dolHz AQs

dolHE AAY shel ALga
F 347, A

R=Nye]
o=

AF37]

=2 je} A

vl

o to 4o i ot
roh O 2 rlo

>
o

v f

1o,

i
offN oX, I
flo off rlo

EEE:

1 0.981

0.953

Table 1. 217 % o5 4% (R2)

99)

&5 O
A e

g HHstel A8l 2
(2)°]  Alfz]
A FAHHor st
HiAew 23% dpads Rl
Term o &32 Alfzzlo] glojr =4
lov AL BE Aol 71E9
skelgit}. Alekxziol

S

Aolwet o

[e)
e A

Se A9 9 Be ouA HAE ol R ET
a8 1 94 MPC 9 Y=o RaA3tA Target SE7}

2e}7b7] 3 A ARE HHI) 2EE Fol: AIE
gelg = gt
m 28

HErefdde 7HgdA 37 49 EFZ 5218
agHow 37 93 Ao dudEFS AEsd
T Aoisly] flel H2std AHF g ok st
L5 WHIE Multi target MLP 222 thAsle] HA3
dugEe ZYstgeh. w3 538 Bl AL A7ke
Zo0]7] 93l penalty term & =93] &34E s
AA Ao AR 86% FrAsIYTh wI RE
AEo| A oA Hztel &FHo|RoW AT FX]FH
AR glo] AAuolevte® Ax] 7t A& 7M5AS
HAt,

ACKNOWLEDGMENT

BodTE (FLG AR, AEAALYEMOTIE) g
A2 YA 7| H7FAKETEP) S A9E o} 83 A

A Ytk (No. 202470054.01, No. 202300321745)
F1EH

[1] Langer, Lissy, and Thomas Volling. "An optimal home
energy management system for modulating heat pumps
and photovoltaic systems." Applied Energy 278 (2020):
115661.

[2] Langer, Lissy, and Thomas Volling. "A reinforcement
learning approach to home energy management for
modulating heat pumps and photovoltaic systems."
Applied Energy 327 (2022): 120020.

[3] Chen, Yu, et al. "Machine-learning-based performance
prediction of the energy pile heat pump system." Journal
of Building Engineering 77 (2023): 107442.



