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It is important to minimize electric energy consumption of a data center that uses enormous electricity for maintaining an
adequate indoor temperature. Most data centers have applied the outdoor air cooling method on account of economic
feasibility. However, it is necessary that data centers have an efficient control method in order to achieve extra energy
savings. In this paper, we propose an artificial intelligence based real-time optimal control method that minimizes electricity
consumption and assures safe operation simultaneously. The main idea of our proposed method is to evolutionary search
the optimal range of controlled variable during a normally operative condition. Furthermore, an optimal operating condition
can be achieved without requiring large-scale data to learn a model. Experimental results demonstrate that indoor
temperature of a data center can be constantly controlled safely and cost effectively based on our proposed methodology.
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Fig. 1 DC cooling loop: Heat exchange structure that inhales cold

ambient air through the incoming damper and passes through
the server room to the outlet damper using the cold air supply
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Fig. 2 Cooling Unit of Datacenter, CRAC works for a row and
prediction is more easy and energy effective when the power
density is high

Table 1 State and control variable dependencies

Variable Type Description
Sp Constant Set-Point, Target temperature
EAT State Entering air temperature
EAH State Entering air humidity
LAT State Leaving air temperature
CZT State Cooling zone temperature
SFR Control Supplying fan rate
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Fig. 3 Flowchart for finding the optimal control solution by the
proposed technique

AAZE MPC 2§ Aef 27] Aloj = HdgH(In-Control)

Feietar 7Pgsk, e A wlolElE o] §sto] oS mie
e B A bHSE BiSE Wk 2718 A&H o8 2 sto]

DC ofvx] a&4d& FAE HH 02 et Alksk= 74
of Thgh Al EA|Q9A Fig. 39} o] FAEle] Qlc.
Fig. 39] DBoJ= 137]27F 94 A7kl WA Zlojla G
719 Sm)et AEiIRHAH F 2=)y59] BA dHlolErt A%
o] Qlt}. Fig. 3(a) TGAl= Al of|& mE(State Prediction Model)
o] sfoln setuE|Ere] o FZHWindow Size), SHr
(Learning Rate) )5 AT o|EE o] &3to] Heeart 24
shel= wi7iH(0)E A3ttt Fig 3(b) @Al= AIAIE &F
7] ©/4% QIZHOAT, OAH)R} 7|9 2= <1Z(SFR)7} &
A7) sk AA D BEY BAE FASHE AOR o]F £
¢l mel ShEoletal FAsHH Fig. 3(a) SAA AAT stoH
st ezt e S ke o) ol gHTh Lakel Shro] EAE A
H 5 =N (SAT, x[7)7F skt dagsto] AA] e Akt
o 2742 o) ol 4 el dlolel el AT 5 Al
05 248 Aseks WAoR Aofa 4 gtk
Fig. 3(C) A= AEE 2ol AHe oS nagoem,
N8RS AN Seld SIS olgslo] Hau|ge
7leh Aol 2 w2t a8 AlRY 24 glust), K
& A7 Atk & ekela qlrk. o714 At 2HA
01 A e A FHS oA} FAlo At AF Hol7| wiid
DC Ao} Zx]o] B2 HH=E M=ol g7|He IH =&
Rlofgiet. Alof o] WA SE olFoliz Au & UL 4

_I_.



December 2021 /947

FE7E =, o] AN 7 MY & 2EES o]
Fig. 3()2 thA] Adgste] A s gdlo|Este vj=w] 1}
A< Az},

f

O
o
>,
)
Ay
ol
ol

4.1 AAIZE MEl 0I5 (On-Line State Prediction)

AIZE t Aol A s A, Xﬂ‘ﬂ ofgtell izt 7k IS
x[f], ulf], O[] AE| 2 FoJglict. x[r2 AW & AFEQAANLAT,
CZT)olH, A7 o-&(Autocorrelatlon)/‘gg Zre A A
2 Q7] Z/5&=(EAT, EAH)9| H3to] Jafs Rb=tt. ulf

+ 2711 H=(SFR)E sk AlojHe= A2 So] ofd
oHRE S 2 Aok 2EAL dide 28 AR Alort
=7Fs eate|nt. 1Al A9 EH‘% &3] DC W gt
A9l Ee] el tigt JeAE AR Aof o) 4(2)
olty. thHF AAE F2E TH= 01]52 = 017 f1siA

RE SguolelE ol gt MASEES 24 g, A2
ApElE vk dlole] 77 shishe SekIskENE ol g
sttt
T T
= S Ax[—k1+ Y Buli-K+Cyelt—K] ()
k=P k=P

A7|A Ay, By D Cp= ZATE Ay mdlo] nfj7fjsH4= sFo
ot AA AWEL] 8 A2 A gkl s oyt
2 AYEI Q% AYBAR mdlstr|o| A7 St 51 ]J
71 Ao Nm AE uiel o], AeRkgo] njAy W)
Aol AA o1, Alo] WzlFo] FAstA HRH o R WA

Ao A A | 3t AP TAF wloZ =53] Fulzol A
ofel A185 4 Sick

lo

4.2 AA[ZF == H|0{(On-Line Optimal Control)

Aol EAl= et oz A7F L A e v §3rs
Zasjeh AlojulE u & ok Ao R A3)E A6 2

o HAH o] FAEE Fetaltt. wlgarl 279) AERrs
e EEASER S Je A B AT 2=et
SP(x}, )9} Zto] FH5] FH2 oulstn], T W47k jo|7} H4
gols Ze Broz dvt Sl AuAPES el 2o
7k F71Me ﬂalL B3 gk 9t wRuE W =
of BIEIEITE X, uyg, = Ji, S 220 T 24D sl
ojn} x| Jlﬁr 5O EFE Haslehs 4, 2 ¢ A-uit
2|7 2748 Fohf= Zlo|ck.

i

minimize wJ,(x}[1],u;)+ Wy (1], u;) 3)
xs.[t]—)CS2
with J,(x;[¢],u; )= sz[fZ?{l[ZS : s SJ “)
Xep
VAC RSB Ao 71(2 e J ®
x|

sp

st e+ (x][]-x;,)<0

fmdu =1to M

(©6)

C c
ui = [Ug R ‘umin’ umax]

p<t<p+tL,cc{fan}, sc{CZT,EAT,EAH}

] 2ol B/ IR die Al S84 Alojddel
o]Foi7l o thEE= ool whebA AEf oS RdR =
=% A A 8| (Asymptotic Optimal Solution)y= XA E2]A)]

}\
=
o 3 SPE SMISHE =, obH AX S EAIE WA 4

ek webA ¢ Aol M) APTARE o8-St S AAA
AHtES 24U & Sle 33X FAE S 9% Wol dast

C 2 EEE SO AIftehe VIS AloF 2o m s
x[1] 7F SPETE efbE uhlS 7 &R0l 27 u; & B

SH= WAl A gtk 9o AAIGE AR £AL ol g3te] Aol
SRR ERY %HE SPE $Juks}A) gk Qb o
51 =] H|Ras Akl X

Jut

f

U o a1 = p. =1
e 274sH7] wizol H] To] s AtiFem wopd
T oy obdEt fa FhlA A E ALkt A1FA
& shagt 4 oo

AA| DCE o= PID A|o7]e}k Abet 2241 MPC A|
5= HsFtH MPCY| Ao 52 AH o5 =Y
of| ufj-$- ”l arat7lel, Adol ARgH 2]l oS mde] Few
(Accuracy) el AA| Fht g Fal 984 AFE AR
AESAH. 7Fs % DCE ez 77| o Wi 4
< Hlashs 52 alof], Adol 9lo] vl-ga} Adefol 4

A= Alo] B7Fseh ohafst e elstoll it HRlSAIZE Xy
g = Q.

DC Wy7tol| tigt =8 34 ekl IX, 35 5 A7t
of W AH] /93, AH] StEQJo] w3, EAIZ
A& Fst 5ol slom Fogt vjaE {3l MABAIE 39S
o AfH] /@3 22 SFA] ¢hal, &S ARgEFo] FUTH Al
7499 e} gF A2 @27, AR N S)E> SAE 5H
AL, Ago] o] R0 2= AIRRE 7| =7 A5t Al (4xH]
Ao] AFsdl= T17H(12:00-14:00)2 A A5}

5.1 AEf 015 2Y AT}

AuAQl 71 AIskE ol&ol ofshd gt W dHlolHE st
%’\]ﬁ-’r\i—. =2 oS HATTEY SN AIA S THAlE
S} Fo17l I 9] K= dlolEE gHile o
ok 7IMd HHZIQ"Q‘?Q(Batch Learning) 2. & 3k= A% 34
o] AT th=A HSRE wA HolE 9] AE HEo]
of 2|1o] Fidoll thgt shsAdsol W = it

2 AtolA= 1370 X 8] A BlolHE tidez wix|ghs
HAlS Sh5Rt A9 AHEY] 2=5E9 o

Fl

HH‘ :x:.-I

Mo e A%



948 / December 2021

541 = Actual value
—— Predicted value
=== Prediction error

o ° °
° - N

S
Prediction error [%)]

Server Room Temperature [°C]
I

o
N

04-01 00:00 04-01 03:00 04-01 06:00 04-01 09:00 04-01 12:00 04-01 15:00 04-01 18:00 04-01 21:00
Date

(a) Prediction value and actual value of air temperature
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(b) Prediction value and actual value of air humidity

Fig. 4 Trend graph of state variables during steady-state
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Fig. 6 Experimental result of consumption power using PID control
and MPC control methods
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Fig. 7 Trend graph of state (SAT, EAT) variables during PID/MPC
controlling

Time SFR1 SFR2 SFR3 SFR4 SFR5 SFR6 SFR7 SFRS Sum of SFR [%] Actual CZT [°C] Predict CZT [°C]
PID control 50 70 50 45 80 50 50 40 435 25.9 25.8
11:35 am 40 80 40 40 40 80 40 40 400 26.3 26.5
11:45 am 40 80 40 40 35 80 40 40 395 26.7 26.2
11:50 am 50 80 50 40 30 80 40 40 410 25.9 25.6
11:55 am 50 80 50 35 30 80 40 40 405 26.6 26.9
12:05 am 50 80 50 40 40 80 40 40 420 25.8 25.8
12:30 am 40 80 40 40 40 80 40 40 400 26.2 26.7
12:50 am 40 80 50 40 40 80 40 40 410 25.7 25.8
13:20 am 40 80 40 40 40 80 40 40 400 26.9 26.8
13:25 am 40 80 50 40 40 80 40 40 410 254 25.7
2a}el MPC Ao} T+ W 19.54 KWe] njddelo] AgE ol gat F/xsta Alo] whalolt. sako] slro]gE o] &
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a0 2 FAES ﬂorsmur
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