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Al1F A E
1197 W7 3 =4
Atz o] itk AL & T 90%2] AIZHE AE Yol By
Rom, oo e} AAz AFES 9t AUl F7]Z(indoor air quality,
IAQ#EY F8Ade 2AHCincinelli et al, 2017). %3, F2
Fr s Ay 27 £ Asteta o, o5 FFstr] ST
oeket HAA == 7]Lola th(Paleologos et al, 2021). °]efgh

AAEE AL A7 Bok gEol AL Jhed dE 9e 7ot

N
o

o)
PN
i)

i)
N
HN
:‘_1‘
-4 K
2

Al 71" Ast dloEs AAAREY] T AACdA EAstE CO,
of AF AAloA A= I 7] SEE
o7 9l A v A WA (particulate matter)
(Kumar et al, 2013), °l¢} #2 ¢ =d=HFEH A

LEHE AT AR 1S AFE 4+ Jdh(Koivisto, Antti Joonas, et

)

ozl

540 COx= AUz7|d #7 oyt HA
EoltHGuo, L. & Lewis, J. O., 2007). CO»¢]
% 9] 7] ¢}

n

S AW AR TFez 3 CO, HiEFol Utk CO, F=o it

T2 Ho 5000 ppm 7FA ThESEAl A A H
A H(Lowther, S. D. et al., 2021). ASHRAE (American Society of Heating,
Refrigeration and Air Conditioning Engineers)dl A& A9 CO, % thH
700 ppm °] dol7bA FrE @St Aok s e AdeTE
71N AFFEFY A9 1,000 ppm ©3tE f AT Aow AW,
7] Ao s F3l A CO. & WA o w Hedte Aol T astt

= 38
A LA COp Aofel FAH T stk 7IEAE W2 FoloF Aot

Collection



ARt otk md, 54 @4el AHsE e tE B4
A A5e wAHY] ofhLh WH, CO, dF Alojt #7 Wael U
ER) 2 JbsaAl sl mE&H A %3

Bes AT :

A g71d BEE fdl AdeolAs Ad g # VA s A8y
A f7l= AR s Al AlfE = dE #RE ofdet Jd AA
AAA A" A= Thesky] wEel #7] oy|AZE AA AREA
Zeth o, A @7IA nAE A o] A o Foll S ol wal 7]l
wet  FAA AREo]l olgly]  wiize]l A #7] ARgo] W E ook

Shoh(Chenari et al., 2016). 714l 27|A2=8g2 @39} dM(fan)o = T4 = o]
97l =ds M e AHHQ duA aHZE BasAw, e dx 2
ddduete] Hets Fd Tw §719 FX7F Jhsside Adel Utk
AW CO, % AAE A= 7] Efjo] ¥E=Al o] Foljxfof FfA]
Aol =d3 dux] &5 FAC aEg 74 #7] Aol By A&
da2om A guofof g

H o= AFE<2E Ul (Internet of Things, IoT) 7]¥F ¥F7]2d RUHHY
Alz=dl, 2utE S|A 2" ATE 883 371 o5 B Ao] &

Jol 37] Aojo] =¥ ot o] Vw5 AT HolH
TAS B3 HA 7] dES AwetH, oduA 2eAds Sdstetn
T714E JAstE d 7loeta ok (Marques et al., 2019). 20233 71A]
A& % occupant—centric building design and operatione FAZ 3l+= IEA
EBC Annex 79 Z2AECAM AHA HFs& olsfsta o5 Ao
AA AHlel A 4 dE HAsbele Weks skl vHO Brien,
William, et al. 2020). °]& A=A F4 Ao (occupant-centric control,
OCO# 3t™, OCCE A&3] 1= 434, 7] FofollA vkt A7
AP gt A% 4374 =HoAE= QYA B3H(Turley, Christina, et al.

2020), & % (Hong, Seong-Hyeop, et al. 2017), 2] =(Choi, 2023) %9
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ARE &gt A2 AREE A= F ol W Alojo| F&ot=
AT7F dom, g7 Fokol M= A CO; vl FH(Skon et al., 2012; Putra
et al, 2018, Zhu et al. 2()22), AAA A - (Pang, Zhihong et al. 2020, Chot
et al. 2023), A=A FWE(Wang, Jungi, et al. 2021) 5 & ZUE Y
EA k] A4dg U FE £dstE WA o ® OCCE T-d38tal Uth

AadT A4 Ay dFEe OCCy 9374 2 oA Fokdl HFHo]
Rom 7] Fopl A= A FF, AAA o odolH® &&o] Hal
AR AW CO, M= LA Ad, BMI, A=A &5 F(Metabolic
rate, MET) ol we} Aolstr] wjio] mu At 21101% AefAM =
et A AR JE wkedo] Aol

wepa, 2 AT AE HE R EIL e AL 7|9l AR EE
AbERdETE ofygl A, BMI AHE dbdst A 37] Ao daugEss
AlQbet iz gk, ol gk WAL V|E AFEo] aH sk FUH A A

ARAQ S wedgtomm A F71d wele AR 1eHe ¥

Ean

TH O TEe EEdH oE dad AU CO, dF mdo]l sfEHlon,
COxE d=Fst= AAAA Al 84 2 Ada Zu oyt &8¢t
o= oA Al &&3t= olfzEe A, Al tiari HolE AECA

HE S hEstal ol & 7Nto R oS st f gdd des Helv
ol theke A wek Ul W4E FAl aYsle] A8 CO, T
&S 7teA g EA4, Al Rde AAez dolEHE A s
A5 = dof, M= FE&AQ Ao A=EE 75T F A o] =
AAro R WEste Al AN QLA AEE wrdste] HAH o] E7
AeFs AlFsts d flsit A, Al 533 sty mdyy) Aal
H4E A F ol AN AGAHE molWALR A AdE
dokst 4 Qdth. ol 53] g wSyE mgser e Au A
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HY dA2dAE ddez MET we COo, W= dds st
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A 2 o8 nF

1
B AodMe Al 71E edEdT studl AW CO¢ 54 B @A
o

g4 MAUS

thFgk aclel oaf Au CO, %= W7l A7, o2 4 13

2ol
A28 tH(Zhi, Shaodan, et al., 2017). AW &3t A A7kl & CO, %
ke 7S, Ade CO, s%k, AuelA TAs= CO, Y =2
AAE J&Fe TA @ (Persily, Andrew. 2022). CO, Aol d&FS F+=
AE AR EF, Wi, HAARA] B A Hoh o] F el & CO,

=

FE7b eEE AL W SR, TR FAFS ASR] dEels, A
Mg A7) SEE F2 Agske] 9ol vv]sTHARASHIDANI,
Kelichi, et al. 1996). FAb #9 A FAF A2g Qurxel FGolA e
MER WASE BFS ohdvh meld, AW Co, ¥E 4 7 ol

AEgFS vAE AL QLA TF dFo] mw, METH wat 0.0270.04
m/hre] CO, wjEFo] szt tgo=z AU CO, % AAd JIFs
T AL 9™, BAl, 749 59 crackel 9$  FH7|(infiltration),

T 7] (exfiltration) &} AtA 2 714 3719 @ 47F 2 om(Park, Sowoo, et al.
2021), /W3 =+ Fig. 29} 2}
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dC
Vﬁ: Qu) (COy i — COy ioor) + Glg) wooveemmessssssssssmmmmnsess (2 1)

o 714,

v.: & &7kl R3] [m]

dcrdt: A7Fe] wE CO, &% W&

Ow: &7 37 B7]E& [m/h]

CO; oz H CO, &= [ppm]

CO; indoor: AU CO;, &% [ppm]

Guy: Yo~ By 5}i= CO, 9 ¥ F= A AE [m/h]

Infiltration
H
1
'
Mechanical
ventiltation
T ===~ Exfiltration
Natural
ventiltation 9T~ T
=
L{ ) e Natural
- ) ventiltation
Occupant breathing
J
— increase Indoor CO, concentration

----+  decrease Indoor CO, concentration

Fig. 2. AW CO; &= W3} a4

Collection



(2) AW CO, 54 2 934

Aol A BAsHE CO0l 54 2ol 7IAGH=Z S48t Atart
A9 Al FFeld AW A dAEH. =2 AAE wE
Aol =AEE WM, ¥, FHE F2 LR IFse AeAl

2 WA A (Persily, Andrew et al. 2017). AW CO, vLE+&

18417158 3k7] & AW F7]&(indoor air quailty)el] ik <
A gt AW CO, w=7F A& AR NA MAE FEF} BVE&S
FAst7] f1g A CO, s%= A& B CO, 7IWF 8 x4 37
control ventilation)el ZH& BE JlsEe]l Fdd HA s
gth(Persily, Andrew. 2015). AW CO;, F=7F AR A v X o ko
ek e A= Table 13 2l st AoA aF=el Ay CO,

AdzANA ADAA, TFA A, TF AAAN AEs
Cl

&S Table 29 o AW CO, s= AA 7]
ARESle] b= 2 FEe AR H7ES AYE ditkge]l =7FEo] 1,000
ppm H|RFe® {X|3EE @astal 9l Eliseeva (1964 #H-2 7|3bs<h

1,000 ppm®] CO, s=ol :=Fd AtdEe Tx A4 7% S7F 3 i

Xiaojing, et al. 2017, Azuma, Kenichi, et al. 2018).
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el wet EEx7F vgE=En, 2E AqudAa Al&ste] sRwE)

4 A (Mumma, Stanley A.et al. 1998; Villi, Giacomo, et al. 2013).

A2 ZFe o)gh CO, WiEe2 AAl A7), A%, 4¥, MET 53 %ol
ohefet 940l S whETh Yang, Liu et al (202002 20779412 21A]
FHA o] vl oA 509, P 498 S Aol HAAA w71, 7], A7,
TMEES M Ass Adeiar, AAHoR FA ol RES Tl o

Eo] Eokow, AAYEo] 7MY =2 40d HAEES COp Hi=EEol
AL =SS ek, =3 Jung  ChienCheng et al.(2015)&
AL ZFAFBMDE &35kl did FA7F =255 5] Bobd Au

%
CO; MIET= 3 S7He sl oleh 22 ZAu=z QA HH=

A7IN A" FF2 1A @71l os AsiA= mpEe] Alv]olv. Fiol
Adrs Fds= e71Fel g0y o w27 AW CO, s=5 st 717
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Abgto] gkobr £83] AL s W duA] A FS vt dE &
A7), @8], A& T3 22 dF2 v =2 MET #s 79 #A+=
Table 33 o o= 2 AHlstal o B COE
A 7T, kA, DA FEsks @Ee] AR wel CO, wiE ol
M3l st (Dominelli et al., 2022). ISO 8996 7ol W= level 174744
4GA1e] =4 wWo] glom Table 49 2t} level 1A+ resting, low,
moderate, high, very high®] 571#] 9] &%& FHFol weg} E7F3tH, level 1B&

499 mE BHE ANFT AP PR wE

’

i
ha}
2

flo

2

i

)

il

lo

2}
2]

2
o3

9 7he

¢ (

AAskAl gom, tiEAel ARE Awstr] Wl AF eAke RSt
w5 A o level 2A= of2] Abge] EES IFo® HUbeto] dAleES
T8k, level 2B9] E& FHEE Ab&ste]l Abgrel At 5 AEE
aEe A dEFs AteA "ok level 3 A xdste] AueE
ZAste] tiabeS FATH wbAT level 4= ATl AT FAo]
FRrE = AYgor Aba AR AlFEW Fac A Hgkse] AolE
7o ® 3k CO, 54, A3 d A (direct calorimetry) & 7IRFo. 2 ©7]4d
2 A At A" e AFstete] dugskd 46 WRlem
AEEH(FH 24, 2023). T WHELS levelo] =opdgs AR}
FORAIAIRE, Emold s a4y ], AdddE
2AER 2E ALAHA 247 Wol Fastth(Gauthier, 2012). webA,
MET FAolA 7 @o] AbgH«= W2 duides Aef Aol 42
level 29} 32| Walo] =2 A8 ®tH(Zhai, Yongchao, et al. 2018).

BMI= A% (kg)e AFm)e Awoez Us oz, /MY AAEZFS

ok Hl ARSEY BMIZE e s AW oR tiabEo] oA, of=

4
o Z2 olyx] &uje} CO, B oz o]t} Peralta, Gabriela P., et al
(2020)& H|wkel A 5F 7]%5o] AsEH
o B2 COE ZAAZ

Astel wdol len, o]
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SE&FY CO, wiE el 43S v AHChen Y et al, 1993).

Al GA CO, WiE=2 DT BAZE Ak G gL Aty ew
H &4, &5, dAE SollA zkelrt glnh dRbH o g FAde oA HTh
g 2 9 &4 w2 dxEs 7HAH, e 9 #Be COE
WA A ZITH(Harms CA, 2008). 942 43 &5 FFoAE qAdnt ¢
Ee COE #MAANZIH, ol IKFY J|xoAgd 9%

A 3} o] th(Dominelli et al., 2022).

Table 3. T}t &5 w2 MET

T
LSRR MET MR AHF
(W/m")
Sleeping 0.7 41
Seated (quiet) 1.0 58
Reading (seated) 1.0 58
Writing 1.0 58
Typing 1.1 64
Standing (relaxed) 1.2 70
Walking about 1.7 99
Walking (3.2 km/h) 2.0 116
-1 -
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Table 4. 67}2 MET 3#
=

4

A- Classfication according
to kind of activity Rough information wher the

B- Classfication according risk of error is very great
to occupation

A- Use of tables of group
assesment High error risk

B- Use of estimation tables accuracy *20%
for specific activites
Use of heart ra.te. under £10%
defined conditions
Oxygen consumption
measured over short periods
Doubly labelled water
method or isotopic method
Level 4 characterising the average +59
metabolic rate over longer
periods
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HH S AEURS AW CO, 5%, ovAlE 4= WHel doH,
ojn| A A& QNFAAF LI Ajtste] METE At=she ol &85t o3
HHES AAE T8l RS HolEay olF tiEsS FAHIU
E Eol, Al CO; srv AAAS] 5 sy DI #do] glon,
°olF T3 "AES AR FA8T 4 vk E APz FAUH
A WstE gHAete] AA s S WUiske o AR ET dshad
ojH A= AlA EWHe d WES SASY dAleS FAske W AHEEH
ol¢} & HIFFA WHES A FEd tAtES Brbeke udd
HAoHo=w e i, WeS Table 69 #th. Ji, Wenjie, et al
(2018)2 =% 5 T Qe tirks wWstel dA HMgE WUhsh
e AHE F CO, 54 of dia] AR 53 T 3

Y3, deF s ddAssdv. 7S A 14 darese] 7hEx 4A1A
F91E AT W AYgxrt WA= EAE dZdsy] Ha AFsAn o
e B3 AR =2 QA AgrE 94T ¢ de5s A¥ES
Fal gt H2A (2018) 3dlY OpenPoseE AF8-3te] 10744 E=
BEHE AAsg o1, 88.01%9 A= g<lstgith. Park, Bo Rang, et al

(20200 F71 9 AHFACAA FE FAHH= MET 75 da 24
duE]FS AEstdet 21 A, FANAN HiF 95%, AHF-A-e Hi 81.67%
olAe] AFEE Felstgitt. Smith, Javier, et al.(2023)= E3HA oln x| =
AREse] ozt B 7zl S A AR A7k AE 7Nt ® MET F74 0]
7bedk RES st oiRk dshd oln A dlolHAIEZE A glof

1

RGBolv[ A& SZHloz wWMEAZl COCO(common objects in context)
HolEMES Ab&sto] Shsgoll o] &ataith. oA ¢ om A 7|vke] MET A&
Wo] gittsE ol F i 9lomn, 53] OpenPosed 839 ¥ g w2 o]
gsdo=z AMSEH Tol % o] OpenPose EEE
Aeste], HFHom MEsd 7] Ao Lol F 8Ax= UAAZA

o g o] ot

[¢]

32
e
e
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Table 6. MET t=

o

T2 A A} &
o dad AY FuoAM CO, A A
HAF AAA B $E, H%, A
2] Ji, Wenjie, )
3eAe) 49 A
COs et al. ) )
- CO, ¥E %42 Bd uas @
55 (2018) _
FE, AU FE L GH AHY Bl
Fod 79928 @ 4 9ee
e OpenPose Q1A <148 7|wto g ok 3}
Shu et al. | 18709 #dz FEse] %o BF7F 23
(2020) o 22 AHIE 915%, Hi AL £% 97
frame/s= 12 A QFAE 5 &2l
o oA A 14719 Al F8 #HE HRE
4o 5 | AdsE AAAY  mdE 1074
RGB B i
(2018) X=2RFE 3
ol m]#| . .
e Test data set®] MET #A3%= 83.01% 3Hel
e DNN& AF&ste] Ad F7kellA A& AL
Park, Bo | olmx 7wk FA, ARA F @ A
Rang, et =7 % g5 Al dags g
al. (2020) | A HF 95% o]Fe] &= T2l
o AMEA It 81.67% oo ASE &9l
Sumith e Thermal imageE AF&3to], CNN % ViT¢}t
aspg | T 2o AEe] A7 A A PHe e
Javier, et }
o] 1| A] o OFFolup AZFA o E Tzl A A=
al.(2023) }
ol 7te] A s 7Hlo g AAME A Ts
Si ¢ dual-energy X-ray absorptiometry
ilva, _
) (DXA)ES AF&3te] 4 A75d dA+s9
Henrique
X-ray b AEE, vl BAE A
Santos da, _
o XA Ao A oy A Av] H AbA A EF
et al.(2021) }
Zrel gAY vol tiAe AW s

Collection
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R dsd AAeA HASE olvAY A dHlelE A ol
convolutional neural network (CNN) 7]%F Ak

AAEkA Tt Siddiqui, Hera, et al. (20200 F 4206719 AAT %
Hftow ¥ vWE dE ouA HolHAEE CNN Eds &
StsAlA A B7bE AAe e, 3o A3 @9y 3 MAE 576 kg/m' 9]
A5 eI} Jiang et al. (2019)% WY SQlog FAHE dE ojuX
do]E M EE CNN2| VGG-Face, pointer feature (PF), psychology inspired
geometric features (PIGF), PIGF+PF, LightCNN, ArcFace, Centerloss
oAbl WAS A &stel BMI 88 AAedon, Rdd MAE 3437391
kg/me] A#NE YWt F7HAQJAd Aoz PFY  landmark MNTE
A WETE Aol MAHE AL ofyn, HAH JFE Ze=A

{—;] ]—

Stk ol9ok A= ovAE AMEF BMI AFEH

Holx= AEgS BTl Pantanowitz, Adam, et al. (2021)& 1619 9
HAFAERREH HAST AA ARRIE ARt AFolst A21F, CNNOJ
MiniVGGNets &3 BMI 4t=S AAlstdth 4= A3 H+ MAE 1.66
kg/m ] A#}E YeEplth vvh g A s vk wkabx] e 3

22 A G 2Rl RS da IdFsto] P2 X wPel wE A=
A¥e] ek W-go] WA Jiang et al. (2019)= 1A ol Aol 1874 €]
wd FRJAEE AAsGlaL, SVRI & T3 &S st o oF 81.3%9]
deErEE Uel

A AbE Al BMISF Hs=skAl CNN o 7]Hbke] AbER o] titgE

o] F2t}t. Antipov et al. (2016) d= on|AE AHES AEStE EdS
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proportional integral derivative (PID) Alo{7} <Ith(Li, Xiaoshu, et al.,
2013). WA on/off Alo] Alx=gle 54 AIGRS 7o R Al2"S AXY
1w, o] UAFS Azl HA43 g4 we} AAFET(Ke et al, 1997).
oA § gk g xol7] wiEel F¥ol Wi i, Wl§ HA] AdHsrt
stAIRE ) 2] B gr] REo] whAete] oy x] E&Ado] vra, U E
Astel]l gk whgo]l gtk wile] lth(Takahashi et al, 2010). DCV
Aol AAME F3 A CO; 58 AATtoR RUE st oo nE
1" 2HE AN gl dagh waEnt S7)E AAsH] wEel
i W 2 AlFd ARYHE duxE AAA At Metelskiy,
Konstantin. 2011). ¢ o2& %7] AXx] H|&o] Ei H343 A28 743
< AA =S AEdelAs} st
DCV Alo] A& et 21 A3, Ao 7|keet Al CO, =7t
AARARE 9A FaL AFS Fdstion, d|A 4B %= on/off Alo]thH|
H) 34% ZAaANES el gt Merema, Bart, et al. (2018)& 3&ul

|

Aeold THE3E DOV AlelE A &8tlar, W olux= Hof 55% 72,

Jo
N
o
i
N
)
i)
ko
PL
)
-
o
(@]
—_
=
rlo

&AL A 47% A7 U] E&4 ZHA 5s =9y
PI Alol= nwlElet A& AAE Z2Fste] dAA Aot +4 AE EF

a3 Aol NeE AT o= AE AAStE Fdo] FhdsA R
F248 W3lo] sty o]yl wo] gty PID Aol Hl#, A&7 wE

Aols At weE @ e S ATsAT, A Kol
B8t wol=o| Wzt (Cai, Hui, et al, 2020). Pistochini, Theresa, et
al. (2023)2 DCV AlolE ®&AT 67H4 714EF3 d+E &3 AEd Pl
Aolel A HmE s DCV Alojs H 43 dy Algoz Ay
CO;, & Ao F+& Hd 80%7tA 243 en, Pl Aods 92%7HA
G o, DCVEY 3 o4 o 25 H#HE AREstinh PI Aloj= Ao
e Aol E $FEAR oy x] 2H] SdddE Eelde] FAFh

MN
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Okochi et al. (2016)> PID A|oj7} A &%H VAV Alxd"s F43te] PID
Aol 7} opekst =3 Aol 7hedhs E2lsksth
SHAIRE on/off Ao, DCV Ale], PI Alo], PID Aloj= X

=
=
WHoE, AN dolHE sMor Z7H wee FI ¥/d4L
PN
T

I

A3 o2 A Alol= g st 574 dSd
DA, FAA AEelnt o]Esty] wioel] v WstE g Feta et
g3 Atk weEbd, Al FV|ES By Z&Aeola kA oew
FAS flaid = S Aol Ejle]l Hastt dF A= A
dolg el A4l dHolHE wAste] vgfe] FeE dSsta, ofd weh &7

Azdls vy 2P orA oUA a8 FUIEE T HAHEE +

Y

3
N

-

=

ZIHko 2 HH ol F{AAS === WHoltH(Kirk, Donald E. 2004).
Alzgle] ZeAd Y, Alzd #@e, v G935 2 AE, v vg "3
S 98 AFEHET AR, ~utE HVAC Al2gS Ay 3748 A48t
At oyA aHE HiSer] A8 CO, %, 2%, Fi-
st HA o 7] B Wi des At ojHd HA A=
ekt Al =g Ao des Suiststal 84
(Afram et al., 2014).

HA Aos 283 AW 4 Aold w3 HdY AFE BT A

ol
tjo

m[o

wolul, Aok 2AL

ST

Yol dTe A 2%, CO, ¥, mAWA $3 2 oux sH 5L
a3t ATHAEN S et al, 2012; del Mar Castilla, Maria et al., 2013;
Berouine, Anass et al., 2020; Liang, Wei et al., 2015; Ganesh, Hari S. et
al, 2021). 71& A2 FE A2" T4 54 g fag 2l o

Aol (Model Predictive Control, MPC)E A}-&3te] o= Rd& 7|dstdn)

B\
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st} Artificial intelligence (AID®} machine learning (ML)2 iR
dolg AECA IS Fetar ol 7vtew oFE FIPT 5 QU7
o, A== =owA A FHAHo redeE HFEe AuFom
A t}(Koedinger, Kenneth R, et al. 2013).
Asd Aol deAs 7=} 7A 5s &&sto] A="S Aoy,

Azgle]l ABoE SHEn B Wakd] A SHe B BgsAL

ihid
dot
>

130 ghg ol Aol 8ol &olstth(Wang et al, 2016). AWl CO; &%=
oS #d MyAT 74 A}, W. Zhang et al(2022)> 1601 7]

AyeA H AEHe dF 2EdEe] HAFES v 1 5 A

RSl F2 ARgHJen, 53 AUl CO: Fx dFelr= ANNG
DNNe|, mA|A] (PMy, PMas) olSolA= LSTMe| 7Hd 3 Ass
Bl Xie, Jingjing (2017)3 Choi, Inho et al. (2022) %< <
gt o] AW CO; B PMys &% oS &8+ glom,
AgE 4o mel 2ol Mdeo] tEA ofFolfu. o= AW e71&
edeAEE 717 e Edd oF JgxE KHolw, Rd HAA A A

ol A HAstd md dAo] dasgts o gt
Shaikh et al(2016)2 34z <325 7]¥F multi-objective  genetic
algorithms (MOGA) % hybrid multi-objective genetic algorithms
(HMOGA)S AM&3te] 2 &%, 2%, CO, % AE Ao,
HMOGAS #-&¢ mde] Ay A% 983% A 2 ouxA A

31.60% #=3stdth AA S 5(2022)+= 73}8h5 (reinforcement learning)
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3lhel Double Deep Q-network (DDQN)S &-&3le] 2w F71d A
7] Aol g FS Mk
CO; 45 Aol A7ole 2 714 Aol &A%t WA, 54 A

247 Bde vE B FAF Y5e nFS] ode 43 B

zol were] @Wasty Y BAS ddsy] M mdd Biye
7} Basieh sAo R, dolee] Fdxt o] ofFYTe 2

:__I.L
JaS n vl wald dZAe] HolHE FHas Aol I

ax
o
v

(3) A=A FR &g Ao

Energy Plus®t python®] co-simulatione %3] METe] 2|3 CO, &%=
AR (PMs) &% A3 olyx] Lujg d3sE 2t Wang
(2023)2> AAA FA29] OCHNVC (Occupant-Centric Heating and Natural
Ventilation Control) HVAC Ao} #2418 A A8kt o] F €3] deep vision
algorithm 7|%F QA2 AERAS A& on, A4 71w Ay CO;
o= RdS Eeditt 1 A3 Al 7IzbEet AW CO, s%=E 1,000 ppm
ko2 89.2% fFrASHATE oA H Al 7|Hk 7] Aoj&= Aol 3t
A CO, & ¥W3ts adAor HAgsty, AEH4 s Holal 9
gy AR ATES R AR Sl FEEe] o AdAre] MET,

kil

TE S0 WgskA ok AAoln AINMsE

N

Bt etA o CO; v A5 2o Aea AEAe] Astd 4 3lon,

ol AU wrIE #Est AdAe A B ooUA meA FHelA o
TAE =A% = Atk wapA, AW CO; 5% AlolE e ALl MET,
BMI, & wrg3 HA 8] Ao dagEs /sl
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A3 F dF 2 2 HFH Ao dagF A
B ATl = mock-up A HFH AlEdolds Fal Al CO, v%
o mdE FHA Hr] Ao dugs MY L AeHrE AATH
Mock-updl A& A4 dlolgs 7|Wtog o 2d "9 AojdudES
et 1241 BB 7ts e, HFH AlEdolAdolA = mock-up
AAS Tl AR ofelE v Ay ed Wi HdeBrE AARh
olw], HFE AlE o)A ALEEHE AU CO, 95 =L mock-upol A
MdE x7] o= wdo] Holdkr(transfer learning) 3 o]%F F3FE

AlE ol 3o AE&Hrh. Mock-up¥  FAFE Al EH|AM  djgh

3.1 AAdA AR 7|9 A CO;, & o= =24

2 o= mock-up BAL J|FoE AU CO, FE dF =g
Mg s Azdh olF dolgike we stxdde tEth o= nd
Adwge 1) o= md X4 2) dolg S, 3) ¢
sidlolE WA, 5) o= md sron pAHN 7F B AN use

gew 2

ﬂHN'
jn)
o
Ay
r)v
ol
B

o
ol
rlo
v
o
rot
of\
u
N
X
0,
By

o
r |

oA A5 % 84 RZopdlA F=

He mde AE A4 29 (Deep Neural Network, DNN)I} #et7]
v 2 2] (Long-Short Term Memory, LSTM) =2 o|th(Liu, Yangdong, et al,
2017; Liu, Song, et al., 2020; Jo, Sung-Jae, et al., 2020). DNN< £-%-3gk
HAE gk Aol &olstH, S)-E"dlole 1F AHKA, WHFE Wl
T eE Al kil Aol Theetr] wiitel HAE A 5EAS UEUE dolH

shgroll el dtch(Du, Mengnan, el, al, 2018). LSTM<S AAY dHolg
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ol FEle Ae® Runy glow AE A U oodlyx #- dHolH=
e AA4Y dgolgz XdAEH(Wang, Jingyang, et al, 2021). LSTM2
g5 9 oS HAAA A dlo]E(historical data) Wrdo] 7hestH o g
Al deleol A dAds= e vhofe] RS UEbitH(Veena, S. 20215

Ramachandraarjunan et al. 2022). w&bA], & Ao A = DNN¥ LSTMS
rdz HdysAt

DNN =2 1989\ Yann LeCund] &) #|¢t=qon w

3}
<l

oy

i)
-4
BN
rlr
&>
IS

gesiA gt MLPO @, #olo], 74FAS e 7]
2 8- #tH(Peddinti et al. 2015). &Y =o] WoldR= o

Ao, shgdelgel FH=stAl HAst s doly %4 gHoverfitting) =

ol5 437l 9| sparsity (£ -regularization) B+ weight decay
(¢, - regularization)®} 22 7}%* A (weight regularization) #HE2S
AR&ste] Bl EA g ghe]l uiF oA EEE 5AHE e

ZhsAY, 9% §Ue U AE: dopout dole} F7b Aol

&% A H(Nusrat el al., 2018).

Input layer Hidden layer-1 Hidden layer-2 Hidden layer-n
I 2 & Vi ()
Input Data | —— X, ?/h—ll\f N h2, @\
Input Data2 —— X, x : hl, Z h2, @\
Input Data 3 X3 hi, 7 h2,
M Output Data
A& 2/ A i \ J

Fig. 3. DNN 2¢ %
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LSTM =d-& 19973 Sepp Hochreiterell o] #|etEon md FLFx=
Fig. 49} 2t} 24l Fx+= 7t Alo]E(forget gate), Y

gate), =2 A°]E(output gate)® TAETHYao, et al. 2015). HA, ™z}
AlEx HA ARE 7] 93 AlolEelth. A d= @ A1)

oYkl sigmoid F4E Afelel 0o FHHW A LURe A, 1o
vow gt 94d selel A4 4nE s8] 98 Acdew ¥

&3 LSTMS 27Izke] ARE aadoR fAsta dad weh JHE
BB AY WE, F7I7tel] AA EA ] v HHS ERAoE i
T ATHGers, Felix A. et al,, 2000;, Yao, et al., 2015). 121}, 3 5
Tx2 Q] SFHelEzE M= A Algto]l 8 Auves @ilo
Atk

LSTM Unit ), LSTM Unit LSTM Unit ¢,

]
h(,, b 1 f hy hg, 1)
-~ 1 -~ r'S

1
| O
i | sigmoid | ’ sigmoid || tanh | | sigmoid |
hith by
\ 1
X1y ) H _ ~ X1
Forget gate Input gate Output gate

Fig. 4. LSTM =249 %
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£
A\
td
i)
>
ol
ot
%
il
o
>
-
X
i)
o
e
)
(&
>
N
L
N
1o,

w oo gt} o] &
sl # AFelAE FAA ZIMel ke AdaHAAEAS HAASATH
FHBAARA NN FE2 ARG HE RS ol AAAFER - 13 14k ¢
AAAGFE 7R HGogtay, Nithya J. el al, 2017). -19] 7M7&4-2 LS9
BHBAE, 1o s Fo AudAE 9vlstd, 02 Ws 3t
FHAEATY QS dEY drbHow Gl ddigie] 0.8 ool
ek AdaA, 083 04Ateld FxEEe]l AddA, 04 olstH oFg
e} (Klami el al. 2013; Franzese el al., 2018).
AS5e 9E ey oigk FABAATA AF= Fig. 5, old wet
HEFAoR MAAdE dEs B FEWs 552 Table 79 2t} Fig 59
5 oo FaATE 7H W AR 45, MET, BMI, gender?}
om AAAGF7E 0.3 o]Ael W= SA (supply air flowrate), RA (return
air flowrate)® UESTH SAS RAS A#Al+= 0.3HBE 2 HolAHH
wZlek wiZlE Ea AW CO. =7t ®sgites S aelste] o
mde] dHWer AAsAT. Ao COo, %9 Af, AT =&
=2 Rou AW CO, v% Wkl digd
Aoz AEHol  dHdolEdA  ALstAT. wEkAd, S Zde
AW F= AHATF7E 03 o) MEFER AAEem, 1 W8S A9
>, 55, COy, 5%, SA, RA, AAA &, MET, BMI, 439 127} H=
dole 5 A CO; ¥%, SA, RA, AAA %, MET, BMI, 4 77HA&

ARk WS Ao] F719l 5% F A CO, FEolth

rE‘.
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out_temp

out_humi

out_co2

0.02

0.07 | 0.06

0.08

-0.131-0.15

-0.15

-0.121-0.16

-0.09

-0.051-0.05

in_temp

-0.05

-0.06|-0.05

-0.08]

100

0.75

in_humi - 025
in_coz 40.
- 0.00
number of occupants 4 0.07 -0.13}-0.05|-0.06
SA 4 0.02 |-0.15}-0.05|-0.08 W0 0.64 0.62 - —0.25
RA 4 0.02 |-0.15{-0.05|-0.08 0.64 0.62
-0.50
met 4 0.07 }-0.12|-0.06/-0.06
bmi - 0.06 [-0.16{-0.05|-0.07 0.62 -0.75
gender 4 0.08 |-0.09-0.08]-0.07 0.93 fOi6T
[ T T N T g 3 -1.00
e E ~ o E o~ n & < ] E ]
EI EI gl EI EI Er g g .E 'E‘
E- - i
: 3 g
k]
3
E
2
Fig. 5. 4% dlo]¥ Pearson @A +24]
Table 7. AW CO; 5% o= 2d ¢-&9 WL
T ¥ DEEES FYus
e 2 CO; 5% [ppm] (in_co2)
* SA [CMH]
AY CO; |« RA [CMH] 5 %
E% o= |« AAEA 4 [H] (number of occupants) AW CO,
sl e MET [met] (met) 5% [ppm]

BMI [kg/m’] (bmi)
A [0, 1, 2] (gender)
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(3) ey H=

z7] A CO; ¥% dF 24 /MEE 93 mock-upl ZH-EH HolHE
HE3sGT. dolH HS5LS mock-up W VA AEE A3 H
HAZAE 8 20249 29 29FE 19974 AAA SEE Ed F
Aol dE S H&ste] A5 A5 volH e FEAFE(EW CO, 5%),
AR AR(AEA 45, MET, BMIL, 449), $7]A2~8 F=HSA, RA)o| 1L
15720% +A o2 DBl Ad=w F 66632719 dolEl7F A=A T4l
Eetgor G oA Y # A5 Hidowm AHgsidlen,
A= FoaHA Uttt Mock-upoll el AojF7]= 5E0]7] wid
AS5H Y8 dolg =T 5 g delgz WEd dart vk wEbA,

A5 9 dHolgE 58 HuAgstel % 3336709 dFuoHES
Y73 8k Th. Mock-updll Tt AAIgE FHE = 43 Mzskdeh

oft

(4) gFdlely A g
dole dAe= shgulelEel teh 253 2 wol= A AN St
dagFel JdYA7I7] A Fxst 9 2AYHA - A S
gt Ad3 doly HA g7t AQEA B A, A5 Ede Aol
A FAY, ggol WP EA G gyt HAE F th(Famili, A, et al,
1997, Kotsiantis et al., 2006) & <AFolA= mock-upolA  FH53H
gglelgo] A3 B o]z Aol wAstAl &3kl wiEel dHolH
TFzstet A9 AYE ST dHelH  Fxse SgdolHE
gHs}tetal, DNN, LSTM Ede A& = = Iz Hedste JAolth
DNN 2g2 oy et w93 22 34 725 Jyvon nHA 9
ZgtolHE dFste Fxolvh. wEbA,
st tlolH & Fig. 63 #Zo] %31 33t
T2 3xH dHelH wid dEE A& ske LSTM 8585 98] dlolE
z3tE gt WA dFuloleE U7l 918 window sizeE 2%

dHdelHE  n+ 1WA
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302 HASET. o= n+tlHA ZHulolHE d=3str] fsl n -
(window size - 1)EEH n¥A dHdolyE AF&3}al, horizon e 1=

Al 17he] - uolHE At

(a) DNN 5.¢
o 10 10 30
1 B 10 C—— 0
Time steps | * ¢ - @ - CT50
nt 1O 0 0
n 1O 10 0
we T B 10 C—e
DNN 2 & o] B} 72
(b) LSTM =&
o0 0 C_——— 0
Windowsize{1 C—0 0 0
0 C— 0 0
O @ Heizen Q. OO
Timesteps - 0 C— . C——— 0
C—0 C— 0 0
S ——— C—0 0
(0 C—— 0 0
w0 C—0 C— 10

LSTM 29 glo]¥ +F&

() Input data : (n) Indoor CO, Concentration, SA, RA, occ, MET, BMI, gender

() Output data : (n+1) Indoor CO, Concetration

Fig. 6. st 2 ==y =

AHWRo] 7hEx7F AEHE A4S WA =t (Ahsan, Md Manjurul, et
al., 2021). dwkd o g  Af3F(normalization)¥ ¥ 3}(standardization)”7}

AREE 2 ATl A R AS@gy HYRSs 09 1=
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train, validation, test #4S 98] AF3tE dlolHE 811z 33519
2,67071, 3337, 3337} = i3k T

) stol ¥ atetvlE A s}

HA e gl A stoldstetuE = 28 S WS AASte WHTER

779 (neuron), &4 %(hidden layer), dropout, @43} ¥4 So] AtH(Probst,

el al, 2019). o= REHo AFe2 stolduejny Zgtel uwel 4ol

73 (tuning) & S8l A5 HeS SUd = HA o I

ghA shol ofghth(Weerts, el al, 2020). sto]l#dtepnEle] Fd 7[PoR=
~

S A(gird  search), WY  ®M(random search), I

S‘i

2HA (heuristic  search), Wlo]X]¢F  # A s}(bayesian optimization) 5 ©|
2 tH(Schratz, Patrick, et al, 2019; Yang, Li, et al, 2020).

agE=E B3 Abdel Ae" steld vy HES EE E2FS

GAlsts WA ow Jegstr]  witel] stolH vy e W

Stk E sk Aze] wlg o A Al ¥ tH(Adnan, Muhammad, et al.,

e TS Aol Aojw stolH vy gES =F Hel WA

EE 2ES #AsA @ oo =S Adse Ses

A8 3 (Bergstra, et al, 2012). 28= ©AHT A7 ZFo]EX| vt
€]

299 4wt A" zPolmn WA A4 gtk Fos

Ao o]FA o] Avk(Mirshekarian, et al., 2018). wpx]uto =  nHjo]x]<t

wo goold AEGstel § Be AuE db AL ovst
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ol A et HAzE syl M= kol ¥ K (hypermodel)©]
TEEofop ste, AREAZE ®de] il 243, dropout, &3t 3
s w4 s BYstelor vt FojE W9 el whE IsE
&gsim ot HHsE Tl HA sfolH vy x4S E=E AL
stolHmtenl e 74 2 W9 Table 89F 2t Sl Algd &4 4=
2 29] HtAF 2% (Mean Squared Error, MSE)©] aL,
optimizations AF&3Fth g SAS= BA 3l4(epoch)= 1003 =
At FAFS WA 98 early stopping7le s E=Yste]l 53

o A% Adel WA wom HHe Fusus: Agstdth W g%

i)
Lo
ol
o
z

=]

[N
e}

=

2

S

b
N
fo
Ot
_O‘
ol
=)
kD
=
v
i

o714,
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i 9 #

L g5 F@

n: GJoJE 7

Table 8 DNN 2 LSTM 29 &o|wstelue] 74 2 %9

stolHuetuH W W 9
e
e 5 7100, step = 2
(Neuron)
24y

(Hidden layer)

075

Dropout

0~ 05, step = 0.1

298 g+

(Activation function)

Rel.U, sigmoid, tanh

=g Ea NI G) e
—= YT
TE ] * MSE
© (Loss function)
b} HA g
o . ¢ Adam optimization
(Optimization function)
A 3l
_ . 15
(Max trial)
= SRR
e 100
(Epoch)
g A
o ) e Early stopping = 5
(Training option)
LSTM Window size e 2,3
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3.2 H7 7] A gugE A

Mkd 27] dF 2d aega fdolshy YL A AT §F HA 3
Aol dag)Fol GHAFHAJT HA 7] Aol duFE HAE R
7IRkste] dFAlolE AdgForA AW CO, =5 54 FA vrtewm
FAANZ7L S8 HA FEE AbES doh HA 3] Aol dauElE
ZRA~E Fig. 7% #2oew 1) delE HE, 2) dHdely AA, 3)
Aol AU CO, v% d3 4) o3 AL 5) Aojdsy A4 2L
ANEFNoE FEEAT Step. (1) 7 (B) #AH HAAQ] ¢iglE2 Fig.
8% #Ztt.

Step 1

Step 2

Step 3

Step 4

Step S

Fig.

Collection

START

i)

Get data

L

Generate input data

)

Predict indoor CO, concentration

)

Calculate error

)

Select control signal and
send to device

)

END

C

7. A &) Ao] ZRAA

_39_
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* Step L. HolH A5

HA g7 Aol duEFe A 9A= Fig. 99 o] DBEYF-E AARL
AdE delHE Eees HAelr HE dolHE AU CO, sk, ALA
o, AW CO, TEE 58 Fird,
.

g FF> A5 A Ao,

T, MET, $t7[A128 F=2 BMI, 4o
AAAF g9} METE 5% W, 374
BMIst g2 A Aol g A ghelt)

C STzRT )

Get data from DB
- Indoor CO2 concentration, Number of

occupants,  Ventilation system  air
flowrate, MET, BMI, Gender

!

Fig. 9. ## 7] Alo] &g+ doly

* Step 2. 94 ©loly 44

49 dole AAPAALS Fig. 109 2ok WA, A= A" 45 A
CO; A=5E S 4= dolBE A B7A2" S we A
COE dS3dtofof stz Aoy A9 5 wae g2EE AT
AWy D= 0, 1, 2, 3, .., no2 FAFHY JEdoly H2rE FAHLS
Uk 2
e Input data = [AW CO, &%, AAA 4, MET, &7A12=8 TG (G =

[0, 1, 2, 3, .., n]), BMI, d{¥]

HjE st # ¥ dolEH ¥ min-max normalizationg AF&3te] 02 1AFo] <]

FOoZ WBAA o Fol AHE H F AEF vk QAT e Aol

i

H7INAFE THE A e
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Occupants exist ?

Generate input data
- Generate input data set according to r i
i=10,1,2,3 ---,n])
- Input data = [CO, indoor,, occupants, i
MET, BMI, gender]

l

Data preprocessing
- Data normalization using min-max sclaer

V

Fig. 10. 4 7] Ao} dag)s 4 voly 44

Ventilation system off

* Step 3. TFE AWl CO2 v&= =

gty giEs oS 2l i¥ste] @A s Tkl w

ru

5
o AW COy s n/hE 9= Fig. 113 2k 582 CO, pred i
=100, 1, 2, 3, 4, ..nD=E FAT

M

l

Predict indoor CO, concentration variable
- Predict CO, pred ; , for each input data
by using CO, prediction model

)

Fig. 11. 4 7] Ao gug s T CO,

lr_l: ]i
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e Step 4. 22} AAk

oA B Aousd 48 Jbs FY RS HAY & gon, A
/18 A4EE ;estel AYAnAY ABE ALY ARA T

CO; pred ind 2+ &

LA FES error list® vj <33k}

ET'T'OT'Z' — 002 Limit — C02 predi (1) T (/;] 3)

o] 71 A,

Error : 93} F

CO2 prea v - NFAH(t+1) v CO, &% [ppm]
CO> jimie < 1,000 ppm, 1] CO, %= 7]z [ppm]
i Aol¥s G=[0 12 3 4 .., nl)

l

Calculate errors
- Calculate errors between CO, ;i and CO, g (o)
- Error ; = CO, jimii = CO, preqi
- Error list = [error (,error ,error ,,error 5, -+ error |

!

Fig. 12. # 4 7] Aol dag= Ak At
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AW CO,

14 170 o] %

Azst 77 A8 oA} F 07

24

=

& A%t

Kol
=]

[e]

=

Jeto.z, @ Algkel

oA A 2]

o

<
A%
Al

e,

R4

Fig. 133} o] error listel Al
o]

B

S

= Ao

TEFS
T
Hdl n-174 ©]

7} 7k

8|

s
A

e
imicfk T sEobAl = AS 2oy

FE7F CO2 fimie Tk

7o

o

A A &AL

Aol &

o

EEES

=
=

A
e

—

A

~o

o

[e]

o

o

Ventilation system off

ol

=

; which was used to

calculate the minimum error among
the positive errors

opt —

7] Ao

NO

o
Z

)
S

=

2

Fig. 13.

egative values
exist in error
list ?
= Moy
END

mopt

negative values

A

e

AolM+E5 DB A%

(6)

Nr

o= 29

A=
o 4

24 CO,

st

=

|

i

st

S

7}

e

=
=

A]

1

L

]_

S

=

=1

HAl el

I3

sl g3

=

(2]
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&
Percentage Error, MAPE), it A5 239 ¥WE 75 (Coefficient of
Variation of Root Mean Square Error, CvRMSE), 24 A 4=(coefficient of
determination, R)E AH&at9ItHWu, at el, 2021;, Dong et al, 2022, Fang

et al, 2021), MAE, MAPE, CvRMSEx 00 7[71&4% Also £8%
onat, R*= 1o 7782 wdd 93 o350l 538 ou|di
7y A xS A 4773 2
1 n
MAE:_Zlyl_tbl .............................................................. (2 4)
i=1
1 & yz_ 7
MAPE = _Z SC L) wevererererersmsesmssnessssieeeaeseaes (A 5)
ni=1 Y;
1
OvRMSE = — Z( )2 .......................................... (A 6)
Y;‘ 2—1
o (y;—t;)?
R*=1— Z ettt e a e reeen (2 7)
=i (y,— V)’
o] 7] A,
Y FHat #
—_ 45 —
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v dH #
t: 95 #

n: GJoJE 7

71 HA7IE FANES A I AW CO, wE 7IEA

1,000ppm= |7 A & H]&olH 2 {3 7}

number o f pointswhereindoor CO, < 1,000 ppm

x 100 (A 8)

numbero f pointsof control period
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33 &4

B FodA= Al CO, A5 mdx o wAF HA &7 Al
dagFe] i A 2 Al el At olE S AW eI
FHAow Aysta, AyA 2&A4S Sulstsle HxE @At g

(1) AW CO, & =g 7

AW CO, o= =de DNN# LSTM 2dS 28359929, mock-up
dquldg dolHE 7|wter 4EF doly A4 2 doly dAAY BAHE
Agstact AAE deolde Al stoldTetvly WA TH

T Ao 23e =Eshe HolAS HAHEE AMEste] 27 AW CO,

(2) HAA 7] Ao} &L
HA @] Aol duEFe dHolHAS, slgdleld A, Ao T
AUl CO; dlF, o3k AL, % AA 2 A sl seAR PR
WA, dolE H5L DBE F& AW CO, 5%, S7|A 28 T AAA
MET, BMI, gender®] H°JElE E#2rth £ dolHde 37]A2~H
FHS AWSFEGE) (=0, 1, 2 3, .., nE AAst] 0FE nhA AFES
sk dFdoleE AT dFdeolHZ 119 A CO, &

dFstal dFFs Y2ES drh VEHoEZNYEH G5 zels T3

102

i

eAgtel S5 W, /A28 FFS A ASHh rpton 93z
F o7t Dheld n-1ebd ex7h gaoldA 03t ke @3k
%

Aate] aid FFow 7hs ek
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A 4 ZF Mock-—up 2 Hlo]x=Eel =

4.1 Mock-up 7+

B G HE AW CO, FE dF 2did HH $r] Aol dmeFel
At A8S 98 mock-up TF 2L AZE HAo dhE) AEdth T
el AL = FrelA F71E B AFES 98 BN =EE T
glol AA = Alosh
2 AT E SAE 3

1o AN Al gdFe vA Yk WA,

Aol dole A5 AAtE sl BAAA,

>,\l

rﬂ
N

AN, agla 37|A 2"lo] AXE mock-ups TE3FE T Mock-up
Aol B4 AA| doly wge Ay CO; % odF Ed /Wdy o&

L

A A 7] Ao dagF AHEol hd 7hedS Adsk=d v

D 7he 2 A

Mock-up9 789 +4L2 Table 99 21, +5 % A3 AR LS Fig. 14,
159} 2o Mock-upel A A= AMESA FF
25olth. iy WHe AFAAAEE AR A274s A2x 2% AL
AS 92 g EA 7ol wep 47 A& WAl 354m' VI frAbe
26m (D) = 1.35m (W) = 24m (H) rRoltt. 9 3= nies AQst e
he e AdA AR AHo] JrestkEE FHI FAd dd=R
A ZEA T Mock-up AWl Yk, 23 mock-up Aol F3Ho]3d}
Aol E7h el = AW 2 B2t g xS} wEbA], Sld o]l AHEE A
mock-up W79 CO; =0l F3FS vA F+ A7l W Fwd £
S5 Jhske] Aol =3 2ozt A {l x=

AY CO, % o= =™ 2)
Aefire Aol A, AdA AR, aga VA =" ThEs el
gk AAZE HlolE FHS5o] Aol olE 98 A€t mock-up WH-ol
IoT 7I¥ke] SR E AHAXsaL, Ate]laitels GdAAet AWE

)
o)

Nl

)
o
N
2
2
e,
R
i)
i
ox
off
o,

N
X
il
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>

AR AT AlA el gk AlF- W82 Table 103 2t
A (AW-1008-K-P)+= mock-up UWlHF =°] 12me] =] 3
Axstat. 2%, 5%, CO,; PMy, PMys, VOC7F HAS5H™ 2 4
CO; dlolErt ARgstdnh. Awete] AZES 93] wlola=
45 (Micro Controller Unit, MCU)Ql Arduino UnoE A X3} o o
A FE L 5 F it gkS DBel A skt
A2 JRl AAR 4= MET, BMI, 4d dlolH HS52 7]1& AFolA

=2
XX
o o

A ol
[m
i
AV

—

=
£5

ofr
=

2 Hey guedE s A4 4n AERde Asstac. 4dx
s MET: a9 A4Emdz #d%c 7HsshAw, BMIs 4 dele:

A g HAE vlsol JNEEA FU7] el LA AERE

AR AR AERDS AFANZRE onAE ASse] AA Q4L
23 AAAE HZE3IH(Choi et al,. 2019; Choi et al,. 2021). °]%F, &&
AA WHES Tl GAR olMAERE FEW 18749 BAH ¥IEES
Jwow Awel #E 4 1o sPes MET #e A&ad. A4x 0%

AP 71 dTolA Algdeld 3 mock—up%‘ de
S

W 100% g3k disEgs ArEsiAth(d Ry 5, 2017 #H2A, 2023).
ueba], 2 AFelM = g ZdS AR AFHO AEsta FAAME
AAste] AR AR A 0% F O BVIAEE Aoje dAAE

—|—’

QEs RS Azd AL AW F ALY FE 107152 wh
AE v, MET & 5% Eoke] #nlgte] Agat)

=

s 2 A AAERSH 22 dHelHE FAlel s AWz Huls
AF "Holy 3t FEo] MAste] AN HolE7t 2 §2 & 2 T 39
15 dlZ23st7] 918 MCU<! Raspberry pi 49} Arduino UnoE 37+ @A <
AAste] oy FAS EAAAHY HFTAHoR HAdd dolHE DBY
A, AL Al Z2EFS Modbus RTU (RS485)°]th.

r

o
il
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Table 9. Mock-up 7} &

1=]
T £ W &
1,350
.
i z — mJ
%e System
S i E Ventilation System
© ] —
& A ) Server
Mock-up Sensor
ﬁoﬂ U‘i = ! : [ Enevironmental Sensor
0 Control Sensor
[J Image Sensor (Webcam)
MCU
A Raspberry Pi 4
Data communication
—— Data acugisition
-------- Control Signal
{
9 A& 5847 C dsta
™ A 3.51m’
PR 8.42m
EIR=1 MDF
oy AR 9
o 1 T oY
= T 7ol =
Gkt
PN
A2 1%
Al 2~ ¥ A 15 7] 2]

A% dlolE

D A9 &% [C]

2) Adl-9] F= [%]

3) AuW-9] CO; % [ppm]

4) 7 A 2] 7] 2 [CMH]
5 BMI [kg/m’]

6) MET [met]

7 AL 7 [H]

8) 44 [0,1,2]

Collection
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Table 10. Mock—up A X #d] Ax

T2 ZE A
Temp e 40 °C T & °C
AM1008W Humi e 57 95% RH
-K-P CO, e 0 7 5000 ppm
PM e 07~ 1,000 pg/m’
AR F AE
STWC-
e FAE : 1080p
500
Occupant e X :30 fps
information e MET 4H&
HW20 |+ 3= : 1440p
o Z# 9 130 fps
Fan
e 24V / 5A DC
(BFM
Brushless Fan
17051B)
Damper | ¢ 125 Damper
Ventilation
System e Arduino 5V
Relay 4-Channel Relay
interface board.
Power | e 24V 5A Adapter
e Raspberry Pi 4
MCU
e Arduino Uno
DB e HeidiSQL
— 52 —

Collection



7IA ~de PAe mock-up WFEIEoR QIS 71 AFES AXTH
Brtete] 24 At od, FAS Fig. 163 2ol Ful7 2
A Aol RE(off, 97]:=<9, WFEH) FASs A% 49 HHE
AAeom A Aot ThsdtEs ekl

@, @H $1A dXE Fuj7] MBFM17051B)> 24V DC o= A7)+
170mm (D) * 170mm (W) * 5lmm (H)elt}. A4 =] 1354 mmH,0 ¢
W, Hoj 3774 CMH®S| F3FS FAAY Alo] =5 AAse fHye &
A2 D-174¢] fFstH, T5H dFol= s FHE AEste] A9
AR A s HAas) gtk Aol Red e v 2
o Alz®l M (off): D-174 BE 99 off

917] EYEE D-1, 2 99 on, D-3, 4 ¥ off
e UE £3IR=: D-1, 2 99 off, ©-3, 4 919 on

i
2
e

Damper Filter ~ Supply Fan Mock- up
@ 1 o — Environmental Sensor
Outdoor R e +¥5 EEELLY COSTIRTERTES EERTERLEY P \'D @ Temperature [°C]
Air 574 WA OV N > @ © CO; concentration [ppm]
@ © Image Sensor
@ Occupants number [person]
@ Occupants activity level [met]
Control Signal
@ @ Damper Control [0,1]
--F - -—-- L _ @ @ Air Flowrate Control [0,1,2,3,4]
Exhaust
4 - —_— Mode
Air o
D T T RN R W S AN SRR = - Inside air mode

--------- Outside air mode
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FTH THd wE AU COo, v& WaEs A4 s AR
F 2483 AN TF
ZA Aol e A& WA, A" Ay HHE sl MCUd
AAdste] 7+7t EYHA AoalsEg wrE AT A MCUE 53
PWM (Pulse Width Modulation) #|oJ2& & wWro} sttt A9t Ao
WA F stuel PWM Aloj= AA7]7]eA de] AMgHEE 7le=2 fAd
ANo & Abgste] opg R AiE Adsts YR oltHAM. Wu et al, 2019).
PWM Aoje] 7]E QA2+ F3(Frequency), E AFolZ(Duty Cycle),
& A= (Resolution) & A ¥t PWM 232 F4 #wW Az Fu
F71e 2 AsE Bulw FH AtelEeo] FAEY. 7 Ale]E2 HIGH
FEHI(ON el Al7ke] Hl&S Tetrh HAIE(%)E xdHY, A 7
gin] Fe] ZolE ZAAs dE 59, Fig. 179 #Zo] i7E Alo]F9]
50%%1 A5, H2=+= ®E AZE <k ON AdEjolar w¥b AlZF F<F OFF
deolth. == PWM 2159 78 Ate]2S dntd AldstA =43 5

™

CAGEIE w24E o AU AY AolE drh

High A‘ Period -~ ;
_ ON OFF _ ]
% ' w i
& I
- ]
2 Average Voltage E
50% Average Voliage j
Low os% 4
Time

Fig. 17. PWM Alo] F7E Ate]F
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A= 441d €9 o] EE(arduino 4ch relay module)oll <1Z23}lo] on/off
Az zol ofs) M7 AR Es FASIATE 72 HEEE on/off Ao 7t
2 oAgoetglon, @

(3) o 44

S7IA~de] He AXEE FFEAA B Ao meE Tl MEETh
kA, mock-up B0l Bt AsE T AES A 2¥E APsA
AE AFEHZ PWM AlojAEE wWHsta F5A(ALNOR RVAHE
ALg3te] ZAsgdth PWM obd =1 W4 WHelE 07255010, A 3o
Ha 7bs WFE 190%E Alst T 542 PWMS 54 S7HA71H
APtk dioly wol= % W HAsE 98 7 PWM W5 A ¥

4 we AR Wige  Assdon, A A Fu)7)

e} [e]

A

ZF(CMH)= Table 119} #t}.

of
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ol
o
B\
oX
iin
H

Table 11. PWM Ztoll W& vl 7]

PWM SA % [CMHI RA % [CMH]
190 423 5.11
195 7.84 8.07
200 9.94 12.21
202 12.52 15.36
205 24.36 30.03
207 30.11 35.66
210 35.78 42.12
213 42.18 50.44
215 54.19 60.46
219 60.12 71.09
220 69.23 73.07
225 82.99 88.43
230 83.23 89.94
235 34.02 90.54
240 34.32 91.22
245 34.61 92.81
250 35.41 93.12
255 38.96 93.66
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GAE FEAA e HA 7SS sty f18] Table 119 23E Faishd]
ASHRAE Standard 62.1°] 2] 9% A}&3] mock-upe HA 7| FS
AlxkskS T}

Q= Py X By + Ay X Ry weovevmmssssssssmssssssssmsssssssnsssssssnsssssssn (A 9)

o714,
0: = 217/ [cfin]

P AR 7 [person]

Ry AEA} 1915 28 7] [chn]
A vpE WA (1]

R. PFE #HAG He 37 [chn]

oA diy AES AAFAR oo uedE B, #2 5 cfm °lal R,
e 006 cfm ©]¥, ©o]x= ASHRAE Standard 62.1°] HE&
el Atk o]E BEUiE ALEAl 7.27 ¢fm ©]™, cubic meter/hour [CMH]
2 W3sto] 1235 CMHY H4 $7]&S skttt H4 7122 Supply
Air Flow(e]a} SA)e| mlFo= XAZsta o 5, 435S AL F &5

v =] EAEEESl 35.78 CMH, 60.12 CMH, 8856 CMH= A% &}

h

A" FEFol AA AR e A COo, = #

o,
olf
do

o
o
do
2

A
SA #S 3AA7]A, Return Air Flow(e]st RA) gkoll ®3tE F+ 23S
At 438 W& VAR EF% =0 Test 12 7|A2H9 7Hs S
b2l 5 wol™, Test 2= YWHAQl =53 2°] mock-up WH2 &4
Tds FA7] 913 SA, RAS TS FddtA HAAsIAT Test 3=
RART SA THE =7 39 mock-up WHFE U4t FHEZ FAHA
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gk

LHdEdo]l WHE S50l FE]

i

THoE FAEHA AT o] A5 2
FolA ARt Fu HEE T3 olF HAs sivh AF xaS 9ld BMI
A T 9y 4 184 AJA4FAE ekl AAE 47HA Testrbtt
271 (met 1.0), A7] (met 1.2), Z7] (met 1.7) & 371# &S 2084
A&t A A8% Testd FHFS Table 129 o] HA3)
2% A= Table 1394 2Uh

Test 174 & 371 Asol 74 5% A2 RA #Ho] SA #Et =2

7HE @ A7 71E offd wek WAl oF 50%

ol
L

Test 42 CO, H|Z=
waetgith. @71 Aeol 7P B53 AL Test 3= A7) 7IE offd we}
HI AL oF 329 7FAetSth. 1 o2 mock-up 7|EE7F vl ol A
w717k 18] wHA row oo wiE FdI wiE FUl RA F ol
oJERT ESS it HA &7 Aol dags

dsol M % Test 4 TS A -&sk3l
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Table 12. Test®¥ SA, RA %

3 Al7] | PWM SA [CMH] PWM RA [CMH]
v) 202 12.52 200 12.21
Test 2 oF 210 35.78 207 35.66
SA=RA = 219 60.12 215 60.46
A 255 88.56 225 83.43
Bl 202 12.52 195 8.07
Test 3 oF 210 35.78 205 30.03
SA>RA = 219 60.12 213 50.44
A 255 88.56 220 73.07
Bl 202 12.52 202 15.36
Test 4 oF 210 35.78 210 42.12
SA<RA = 219 60.12 219 71.09
A 255 88.56 255 93.66
Table 13. T A5 23 A3}
A2 A(E) g A4gz B(H9)
_ Ha AY COo; % Ha AU CO; 5%
- [ppm] [ppm]
7] A 7] a7 % 7] A 7] A7)
Test 1
Ventilation 1,486 1,325 2,047 1,140 1,085 1,878
System off
Test 2
875 836 1,393 822 887 1,227
(SA=RA)
Test 3
1,045 975 1,735 948 934 1,352
(SA>RA)
Test 4
852 868 1,274 748 784 1,208
(SA<RA)

_59_



o]
H S A3hsl7] 9stoltt. Rda-S Design Builder$} EnergyPlusE AR-&3l

deYsigom, A dolHE wEgor AHeoelds st BldAdE

AFFo =2 /e Table 143
E2 199590 F=3E AEelH, 2010 %0 &9 gRdys
At <y L owige] 200 mm  ZAYE AR GdAs}
Aol on, FAE £¥ 9 7€} sdF XPS 50 mmelth. e
7o FHiEH
dom EYS AT ol AAFH An AEA ddL F 9WolH,
ERV(Energy Recovery Ventilation) 32F7]A]2~8l 2 EHP(Electric Heat
Pump) Wd7]7F A2 w0 9l
A gl F e B AAE 1.2m ol AXsHa, FeE
HAds At A5 dvolHe AU 2%, F%, CO; 7%
PMys 5% MCUS dAw o] 15xvttt DBel dole 7t et A=}
AR H5 UYL mock-upd Tt QLA 4 L MET 4 dlolH &
FF AMAE Sl 25 T 45% F7IE AbEEW DB A ¥ BMISH S
Zo| gt A k= 7Skl AA A Ade] Fiahs AFEskATh
7IA 2 ‘H AFe] HRD2-1000EGS R & & AL&3tit) e 2d
271, A, wrelslz 37kA] R= dEe] Jhseith FEFe WE T B R
SaAlZ =™ 2z 200 CMH, 300 CMH, 500 CMH, 1,000 CMH, 1,100

_I_/
A
o
fr
Do
=
N
N
:L
:,°:
%0,
=
o,
iy
of{
o
rlo

X,
]
i

f

&:
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CMH® F3Fs E=3H 97 =dS 98 A5 Zr7iEes wjAsd o
aZre] A7) B QAR 5 L ete] T 2dE A A

ANEgold ZLza9S LBNL (Lawrence Berkeley National Laboratory)
oA MEE E A2 AZTEYS]S EnergyPlus V9.4.09} DesignBuilder
Software LtdolA] &% 3}+= Design Builder 7.0.2.003 versionS A}-&3}it}.
Design Builder= EnergyPlus®] &% & Al&EdeolAd <zl st 1y
AEjHo] 25 AYdt= Z2adolty, AE AA, duA A5 %L CFD
AlE#olAol 73, EnergyPlus 3¥¢l IDFZ F&9] 7}s3scH(B
Bharath at el, 2021). EnergyPlusolA IDF 34& EZe+= 44
DesignBuilder Bt} t©f @& F{e dolg & HA5T + vk wehA,
wdleg S Design Builder, AlE#o]A 2 dolH FH5L EnergyPlus®
2 &Y 5k

o] AXE ERV 7|A|2dl3 Fdg 27 22 DesignBuilder £}
EnergyPlusell Al Al&3akA] &=tk mebA, Off, 7]1%=9, Wi-wsh e
BA7E 7Hsd VAV noReheat R@E& $rjAjz=sloz  AdAsiglon,
Wikdel gk duAAn s diAlsly] Sl WErl 9 Hdes
AAstdh. AgBelds fs A 2AE 2 A= Ve 2AES

Adur TN AT} FAsA ekt
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Table 14. Al E# ol 7] &

T E iy
200 - e = : . Sémt'emnaﬁfmswem
e |
HH =
B 0 ﬂ /
LA
1A
il
2 A 169.64m’
A2 7 94
A 7o, 10:00 ~ 20100
q XA E
i - o, FRHY AU
=] 7] %1: 180 CMH
] & 3.322 W/m'k
dHFE L 0.463 W/m'k
== 0.463 W/m'k
mode 1 mode 2
. 200 CMH, 300 CMH
5 PN G
7| Al 2 mode 3 mode 4
500 CMH 1000 CMH
L vpe|gj 2~ ZV|RE AEHE
1) A9 CO; % [ppml]
2) wHl7] ¥+ [CMH]
) 3) BMI [kg/m’]
A= dolH
4) MET [met]
5 A=A 4 [H]
6) 49 [0,1,2]
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Algdlold  AgEdolde  HiFE  AlEdold = Al

FEA7171 s AA Al=de] dlolElel mlaste] mdo] wirf w4

gt
ox
o

il

Az QAHES she] mde] fE4 2L HIAL FAs: Taw

7} 4 o] t}(Trottini, Mario, et al, 2020).

Al B ol s 93l 20249 3¢ 119HE 39 24, 2731¢] A-u9] CO;,
2 dolHE ASAQT FAYoR, BNLY FF 2del W Ay
CO, 5% WaFE 245y A AUAEY FF W F Table 159
2ol B Aolg ANstgom, 48 F GUIS =t cdddo] WAt
A% l0we FHARE  AFH  AYRAA WAL IS
2 235t

rlr
[.i
>
S
o,
oty
pat
=
o
a
o,
Jt
k1

A5 719 A F@EYE 119 T 17Y)
gk 7)zkelm) A H oo Abg&¥ dHolH= 27xH3Y 18Y T 24%)
dolefolty. A-He] CO; sk AdA vlolH= 16 7 3029 A% F71&
ZE21 9k EnergyPlusell A= 1A17F &9l =AW 9jgo] 7hsdtr] Wil
IAIZE Ht HlolHE ARgstdth. AS5" AdA 4 dHolel= Table 1634

2o g5 54 A9, UFE 10 metrt #FFHAOH o=yt

agsal. FEdle 7bes FA8 I
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Table 15. '3 &7 A ~F]

TEA 2=

7NN =H TF =AS

2A [1Fx | 3/11 | 3/12 | 3/13 | 3/14 | 3/15 | 3/16 | 3/17
71z | % | OFF | W% | % | 5% | &% | - -
H= | 252 | 3/18 | 3/19 | 3/20 | 3/21 | 3/22 | 3/23 | 3/24
71 | FF | v¥ | OFF | %% | 2% | &% - -
Table 16. @3 AA7 5

Al ZF 18¢ | 19¢ | 20¢ | 21¥ | 22¥ | 239 | 249
00:00~08:00 0 0 0 0 0

08:00~09:00 2 1 2 1 1

09:00~10:00 4 8 7 3 7

10:00711:00 3 4 4 2 4

11:00712:00 1 5 4 1 5

12:00713:00 7 8 7 6 8

13:00714:00 7 9 7 5 4

14:00™15:00 7 9 8 5 9 ’ ’
15:00716:00 7 9 7 4 9

16:00717:00 7 9 5 6 7

17:00718:00 2 3 1 2 4

18:00719:00 2 2 1 0 0

19:00720:00 1 0 0 0 0

20:00724:00 0 0 0 0 0
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AglBgold A3= Fig. 18% #2uh ZAgHdeld A5 H7l= MAPE,
CVRMSE, R*& AMgstlon, MAPE: dSghat AAz o) Aol
Adgts AA delE e HdFgor viro] MiEs® UEhI Aot Ede
dF Ase ARAHow Hrleta, thE dHolE AEUY ®HE e des
HaE 4= 9l A ®o|th W& MAPE #2 o mdo] Azl 7Mrhe=
AL 93ty CvRMSE+= RMSE(Root Mean Squared Error)E& A A
dolel e Hdgtom e & WEE&= yed zlolth. RMSE® o333
AAZE ko] Aol Alwe HEITd F AwIS A FoE, JdFa
Hsds Uehdid, O35 eAE delE e Wedol HlHste] dsnz,
R dqF s HduAor Frrd & dvh 53] vE dHolH AEY
md ko]l wWlw Al F&3t R*e Edo] A4 dolHE dvhy
AgetEAs YeldlE AFelth 0914 1 Alelel ;& 7HAIH, 19

Mhess mdol dolHE & YT AL uETh R F WEA

oA mdo]l Md¥gst= HlES UEhivh R = Rl AWES #Hbshe
Tag Axz, Bdo] A Helye Wes dviy & AWt 2l
T Ak =2 R? #2 dF Zdo] AA| HelHE & Adsta v AS
oujga. & AFelM= oI AREES T AT RN, o5 Rd]
Bes vAder Hrtd g glen, BElo d Gy, eake]

27, dele Awe 5 FRdon wud vk A4 ol
, R*= 47 6.01%, 7.53%,
097172 9543 A2 Fdols g}

2,000 10
‘ —— Living lab CO, === Simulation CO, Number of occupants

1,800

1,600
1,400
1,200
1,000

CO, concentration [ppm]

800
600

Number of occupants [people]

400 ===
0 20 40 60 80 100

Time step [1 hour]

Fig. 18. Al E# o] Ag]B ol Az}
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3
B A A= AL AR R A CO, v oS5 Bd 3 FHA 87

Aol duglE A E AHLES 9d mock-up T AFEH Al E#H oA

1L,
=

2y

Ay gl e M=kt

Mock-up< A& &7 ‘C dgud dXsg e, HAL 351 moltt.
Wiols dig Az @A 2SS gAstda IoT 71k S A4 ¢
Ato]F 3ol FAIME AAstRom dHoly HS H Ao dugEs 9

AW BAAAE FEAAT. o] 4P Ba FF 44 R A2d A

2

AFEH AEYolAL EnergyPlus® Design BuilderE Alg3dte] mdg
stttk AlEdEolAde  mock-upd FEEF X fHRAS dHEA=
AAgstdon, WAL 6283 molth. uFelE ERV  #7]A2~8l¥ EHP
W77y AAEojglom) o] AlEd ol FdstA sk [oT
71N A e FGAME AX sk 3¢ 18U N-E 3Y 24474 W
TH Ao HA¥ges T H5¥ dHoleE AHyolds W h
Byo]Ad A= MAPE, CvRMSE, R* 727} 6.01%, 7.53%, 0.97179]

2]
G Aee S AlEdeld Rdd e HIAS A5
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A5 3 A5 Bt R A% 24
B oAM= A3FeA gdE Al CO, v& o ZEd FHA4 8]

Aol didFE mock-up B AlE ol A&7 Aol tis M=
A

5.1 Mock-up A&

(1) Mock-up 29 718

Mock-up 2 g2 299 IAAgA FFd uwet 4z 37HAZ F 6714
Case® TH%HT. Case 1732 JAdA A, Case 4762 JAdA B
iFdn. 7} Casew= Zeol wet ER%HY, A2 E=2 7], A7,

2718 98 el Caser: % 808 A@oz APHW, HELS Tt

(
AV

2]
7IRE Ao} darg]F, 402 HA 7] Alo] dagFo] ALHAT LT
7] AU CO, v= == A4sr] S8 3 71k Alo] daglE ol %
oF 104 zte] 371 AAletrh A3 /Hes Table 173 2o
Table 17. Mock-up 238 A= ~A=

T & Case 1 | Case 2 | Case 3| Case 4 | Case 5| Case 6

Ag 7 5484 A 54874 B

g% 7] 7] A7 27l 7] a7

T2 7]8F Ao &

HA 7] Aol L
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Zae +F 71bE Aol duEF o2 mock-upd FHIFE AlE Y o] Aol
a3t vuE f& ARSEHH dAA AW CO, sE7F TIEAE d9X
T AYE Tl W A2gE TheATIe AR At AW COy

F2= Fig. 119 #A 7] Ao daugs3 L3 1,000 ppm7 Rt o] v
Aol 712 CO. =0l we &2 A #a 4 £+ DIN EN
ISO 137799 ‘AUz 71del F&o AT Table 18+ Adl CO,
R wmE AR AZE yedh dd AEE wEeR COo, §&
T FH TEs Aostdoern, Ad CO, ¥%7F 1,000 ppm °©]% 1,200

S 194 F=2 mode 2, 1,200 ppm ©]A 1,400 ppm 7| %kS]

S 2¢tA4l EF#F2A mode 3, Z¥ 1400 ppmS 2= A 39
TFe mode 45 7HEAZI=E AASGleH diF FEFS HA 7] Ao
daglEy Fdsirh gk CO, %7 1,000 ppm P REQD 7 §-ofl &= A] 2~ ¥l o]

5 =

AsEE AAgsgd. & 76k Ao duyEE Fig.

Table 18. DIN EN ISO 13779 AWl& 7] &

Ad CO; 5= Uzt
714 | A8 COo, FE 2 @
T : * A9 CO; 5%
A= ENERE
400ppm 7] &
o}
mA1 | . 400 ©]3} 800
DA 2 | %% 400 ~ 600 1,000
DA 3 | 1% 600 ~ 1,000 1,400
DA 4 | 1,000 %3} 1,400 Z 3}
— 68 —

Collection



e
- N0
{: Oceupants exist :
e,
_g--.,/“"‘
15:-02““‘ ~" 2002 T
e /’ 1 —"I" N
lmcchl} Cmcmmum’:}& Tndoer CO, Cmcanmﬁm :\‘05,-’ 4»‘313[3“5 Iru‘.D{thi s
— ... Concantmtion 7 /
»-._‘_‘-dj. DCm,_z “"“-.‘114001};::‘:1 - ‘n\_‘__h /"‘
E.‘vf' _ES"\-\_‘I/ =
sl A
Operate Modz 2 | Operate Mode 3 ‘ i OperteMode 4 i :: Opemtion off
] ; ! . P
L
i EXD )

Fig. 19. 7= 7|9t Ao} dud &

o= mdl sy Aae= e A

oo

= T3 5% Sudeld & gl
AFEEIA] eF2 test data® ARE3le] A AIEATH Table 192 Shes
Hlo] x| Qk F A stoll ol AAE StolvAev|HEN 4545 S eI
WA, DNN 7|9k o5 2de] 3t5E2 0.0001, 43 = ReLU<H
HA Fx2E 5N, 449 wHoz FAHE 209 24YFoz AHHLL
ndo] o A% Hrl A3, MAE 4546 ppm, CvRMSE 13.87%, Z18] il
R? 0.8464= YElGT o2 LSTMHF 4 %% window size 3, horizon
1, zgla 2709 29 el 247 7570, 119 wHosE A4 HAUAth 9
mdol g3E 9 A5 g4 DNN 23 5U3E 000017 ReLUo ),
o= Axi= MAE 2919 ppm, CVRMSE 11.66%, R®> 0.8561% $-<3%F
Aes veErdlg 37 A x vlal A3 BE A HolA window size 37ME

Zt= LSTM Edeo] f=sigler, 3«5 2ds HA 7] A9
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Table 19. 7] o= 22 wo] x| et &3} A}
A3 A7 SEREES
T EFES
Tz 3#&| _, | MAE |CvRMSE| R’
g5
45.46
DNN 7-57-41-1 | 0.0001 | ReLU 13.87% 0.8464
ppm
LSTM
window 31.67
] 7-35-42-1 | 0.0001 | ReLU 15.38% 0.8412
size = 2 ppm
horizon = 1
LSTM
window 29.19
] 7-75-11-1 | 0.0001 | ReLU 11.66% 0.8561
size = 3 ppm
horizon = 1

AAZE 5 A== 1 time step PR Al GargFol s A
COy o5 = e e A5t t+1 HAe A4 A CO, g%
S Fal AFEEdv. S odeoldHel dig A CO, ¥ = Fig. 209 2t

AU CO, w9 ¥ &4 A3, diyiel Fhel 860 ppmollAl 1,047 ppm
Abololl f1A1stden, HWA = 1,210 ppme Z38HA Sk d5€E g2
885 ppmel Al 1,052 ppm Atel= A= gk ARG HolH WS Rt
Fig. 21= A5@3} oS3 vuadze Ao 2=7] @A o] &A7F 7H

=%on, o= Adl CO; v Fss WIT SFdelyrt #53 Adoew

L
(@
Q
w
(¢
i3
2
I\
o

== Table 209 2t FAdA Aol A4 194
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37kA1 9] Caseodl W3 MAEE 7z 5375 ppm, 4533 ppm, 56.42
ppme] o™,  CvRMSE+ 6.90%, 7.50%, 591%°]i, R* 0.6683, 0.0047,
002762 eyttt dd@8A Be] A9 49lA 67bA2] Casedll Whdh
MAE+= Z+7} 3750 ppm, 37.39 ppm, 34.17 ppmo¢|™, CvRMSE+ 4.84%,
4.99%, 4.81%°] 31, R*+= 09157, 09344, 0.8066= -3 o5 AeS EAth
o] AuEL F IALAPA BF FAE F w21 S BHAFY, x27]

CO; §&=7F w43 Wt FtolA & A7 A& ow BT, +5

1,400
1,300 —

1,200

._._‘
s =
Rt (=3
S 3

Vi

800

700

CO, concentration [ppm]
8
(=1

600

500

400

| = Actual CO2 @ Predicted CO2 |

Fig. 20. Mock-up A|ojH 4 Az} = 28z
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CO, concentrati

Fl
S

2 @ ® 9
£ g € 8
S 3 8

1,200
1,000

Case 1 Case 4
— 1,600
I -=-Actual CO2  -+Predicted CO2  —upper limit g 1400 ‘ -=-Actual CO2  —Predicted CO2  —upper limit
a1
§ 1,200
=
e e — H 1,000 ———
= T 2 800
8
« 600
o
© 00 -
0 2 3 4 5 6 7 [ 1 2 3 4 5 6
Time step [S minutes] Time step [S minutes]
Case 2 Case 5
7 1600
= Actual CO2  —Predicted CO2  —upper limit £ 400 [ -=-Actual CO2  -Predicted CO2  —upper limit
=
S 1,200 4
% 1,000
e . e e s, A
e 2 800
2 =}
2600
Qo
© 400
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6
Time step [5 minutes] Time step [5 minutes]
Case 3 Case 6
— 1,600
‘ -=-Actual CO2 —+-Predicted CO2 —upper limit ==Uncomfort are;\‘ £ 400 = Actual CO2 ~-Predicted CO2 —upper limit ==Uncomfort area
o, 1
- 5 1200
il K] PO
= ! ! ‘ [ £ 1000 — i
15} =
S 800 +—
=3
8,
< 600
o
O 400

Time step [5 minutes]

Time step [5 minutes]

Fig. 21. Case¥ H|x 1gjx

Table 20. Case®d 3+7] Ao} <&

18 % o= JIE

Case

MAE

CvRMSE R?

Case 1

53.75 ppm

6.90% 0.6683

Case 2

45.33 ppm

7.50% 0.0047

Case 3

56.42 ppm

5.91% 0.0276

Case 4

37.50 ppm

4.84% 0.9157

Case 5

37.39 ppm

4.99% 0.9344

Case 6

34.17 ppm

4.81% 0.8605
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(5) Al CO, #;HAE

AW CO, HA == 2 73 Zo] Ao 71k i AW CO, v=7t 7IEAE
9714 @ veR AEsit sAdAEY gl 23 Oz Fig
22727tk 7 AR BT RE dFoA HA 7] Ao daugFe
FAH &l o Ekow, AP A9 T AR 4L Case 173

A2 BE Case 47602 A3t}

o Case It 943 A¢ k7] A5 17 7Rk Ao dagls 4L Fig.

22.(a)o] ™ AlZF 133 Adl CO, &% 1,000 ppme A At A=
SEH-E AlFE o 158 HE/AE FF(mode 2)02 Aoj7t ¥Har

35l 1,200 ppme  W7IH FF(mode 3ol ThsEHATE Al E
st gole A3 2/38 W7+ 7Izbeet Ad CO, F=7F 1,100 ~
1,200 ppm< A ATk

HA 7] Aol dugFel AL Fig. 22.(h)elw AlF 102 Aol

okF 7hsAl 5% H CO, &% 985 ppme d 53t AE A2,

RE 7IZFERt 71EA Bok wHA COp wEE AT olE E

O

* Case 20 &AL Ao AM7] P& 7 7|9 Ao dags 4P Fig.
23.(a) olH, A& 163 A4 CO, &% 1,000 ppme <
202 5H Al E e Aozt A FHE el = 1,200 ppme B TEFS
7bsstth o] T8 AlFA M 7HEs FE(mode off)H W, A 73t

Ak o4& 1,100 7 1,200 ppm= A8 A ge] TR

7Vl CO; &% 922 ppme dFstH AloE AlFEIAIL T time
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e Case 31 FAIRA 7] AP & 7|9k Ao dag]E<Ql Fig.
24.(a)9k HA 7] Aol LagEQl Fig. 24.(b) EF HA:=
859%, 13.95% % ZRF s s AQstal BE Ao 7IFHESt 7EA

wor FAANA RAQh o, HY 2] Aol gueFe P

ol BAINxFe] Faro] YEale] A7l BAZ AT meA,

2
9
>
[
juti}
o,
fol
<]
il
=
=
_°|_,
N
4o
:’og
i
2
9
o
N,
MN
LIS
e
k=)
v
N
2y
R

ppm, HZ 7] Aol LuPFL 1,128 ppm=zE HZH ] Ao

dagFol g-H 7k Ale] FaelE Wiv] oF 15% Y& AdE Holw,
(o5 ]
o

o Case 4: ¥AFA B 7] ARolA 1x 7§k Ao} dugF Fig.
25.(a)° AS AlZ 19%d] 1,000 ppmol =R, 20%EE Aol
A

FFow Jhs HAAT AW CO, FE=

>,
2
o
ol
3R
T
ikt
o
N
o~
offt
r O
o

Fig. 25.(b)21 A=A 37] Aol LugEe ZA$ A3 A# 158
A A 208A 2] CO, FEE dZat, A4 A

=
F B FTFeE AoHo AW CO, FEE VIEAEUW ofd=

2
il

>,
>
ol
3R
5
-0,
o
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26.(a)ol™, A3 1989 1,000 ppmol E=Y3dtH, 208FE A=

Aol fFomu AgHdon, 48 FEAA CO, FE

e Case 6 ¥A&A B A7]= Fig. 27.(a),(h)olH, Case 39 HdstA F

Ak o] 7IZbEet Ad CO, ¥EF VIEA Howm

s A=A gl en, ] TNk Aol dagFe A
i 1,258 ppm, A 7] Alo] daa]Ee 1028 ppm o2 HAH §7]

’

Aol Garg]Fe]  oF 23% wkew, yEAek LAsHA Ald

o

AW CO, #AA= Azl vl 2= = zHzt Table 213 Fig. 28°]th
i &2 Ad VIRbet @VIAad ] Alefre] ofs Ay CO, w7t
71F3k olatE A H&S UEhd Ao, 1#Z Y time stepS DB A%
F714 = AAS A

Axs Aystd, AAPA A= FH 7l Aol duEEs A8

A u o] k7] 2063%, A7) 40.25%, A7) 859%clw, HA @y Ao
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dugFe ¢, A7), A7) ZH2F 100%, 100%, 13.95%S e ch 1943 2}
B= & 71 Aol dags AEAl eEr] 463%, A7 4877%, 27]
24.69%0l9, A g7 Aol daelE HEAl &7, A7, A7 7+ 100%,
100%, 36.65%< AxE vepdlch. 2@z ARt 43982 Be CO.

FE F2 4o w2 METS A7 zolelx 7]91dt
T Atk ARk og JAd2 o gdnrh tatge] Ea, AAel & A9t wol
SEFel o @i CO, wiEFel Trheth ol#d A ol Al CO,
&

Lol guel we dAed 5% dee
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(a)

| — Actual CO, Upper limit Bl Uncomfort arca ‘

I

20 40 60 80 100 120 140 160 180
Time step [5 minutes]

— Air flowrate

T T T T

20 40 60 80 100 120 140 160 180
Time step [5 minutes]

(b)

"2 1,600
g
& 1,400 1
g 1200 -
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£ 1,000
=
Y 800
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S 600 |
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O 400
O 0
6
g 5|
L
& 4
= 3 4
£
g 2
R 14
<
0
0
"2 1,600

1,200 A
1,000
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CO, concentration [pp
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600
400
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] 5 A
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©
g 21
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Collection

20 40 60 80 100 120 140 160 180
Time step [5 minutes]

Fig. 22. Case 1 Ao} &agls 2}
(@) - 73 719k Alo], (b)- A 37] Ao
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(a)

1,600
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1,200 -
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2N
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180
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(8] w S W [«

— Air flowrate
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(b)

180

1,600
1,400 A
1,200 -

1,000
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800 -+
600 -

400

CO, concentration [ppm]
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180

Air flowrate [Mode]

— Air flowrate

Collection
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Fig. 23. Case 2 Ao} &agls 2}
(@) - 73 719k Alo], (b)- A 37] Ao
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(a)

1,600

— Actual CO, Upper limit Il Uncomfort arca
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1,000

800

600
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Fig. 24. Case 3 Ao} &g & 23
(a) — 13 719k Alo], (b)- HA 7] Ao
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(a)
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a ‘ — Actual CO, Upper limit B Uncomfort area |
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- \
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= \
8 800
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0 20 40 60 80 100 120 140 160 180
Time step [5 minutes]
21,600
o — Actual CO, Upper limit e Predicted CO, Bl Uncomfort area
81,400 4
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Fig. 25. Case 4 Ao} &g & 23
(a) - 73 719k Alof, (b)- HA 7] A o
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(a)

"= 1,600
Q. ‘ — Actual CO, Upper limit B Uncomfort arca ‘
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Fig. 26. Case 5 Ao} &g & 23
(@) — 3 719k Aof, (b)- HA 7] A o



1,600
1,400
1,200
1,000
800
600
400

CO, concentration [ppm]

Air flowrate [Mode]

1,600
1,400
1,200
1,000

800
" 600

400

CO, concentration [ppm]

Air flowrate [Mode]

(a)

‘ — Actual CO, Upper limit Bl Uncomfort area
20 40 60 80 100 120 140 160 180
Time step [5 minutes]
— Air flowrate
20 40 60 80 100 120 140 160 180
Time step [S minutes]
— Actual CO, Upper limit o Predicted CO, Bl Uncomfort area |
i . Y
e s b L ™
. \
0 20 40 60 80 100 120 140 160 180
Time step [5 minutes]
— Air flowrate
0 20 40 60 80 100 120 140 160 180

Time step [5 minutes]

Fig. 27. Case 6 Ao} &g & 23
(@) — 73 719k Alof, (b)- HA 7] A o
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Table 21. Aol A A= v

&
gAHA A 9y AH= B
Case 1 | Case 2 | Case 3| Case 4 | Case 5| Case 6

29.63% | 40.25% | 8959% | 46.3% | 48.77% | 24.69%

100% 100% | 13.95% | 100% 100% | 36.65%

120

x ,

o, ORule based control ~ ®Optimal control

o 100

=

£ 80

b=

L

E 60 -

=}

[>)

40 1

<

)

E |

= ‘ — 1. ‘ .
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
sitting stand walking sitting stand walking

Fig. 28. Aol Al 3714 A4 =
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Ml ThAd ol H A=A
AARsAT. WA, ASE 24V, AF 5AY # oy AMFEFE A 102=®
Axbstdar, At FHA 144WS S A8l ZF S Ay A v
2FES 918 EnergyPlusol Al AF838}&= Performance Load Factor (PLF)E
ALt o AxAS A 113 2ol PLFE EnergyPlus WolAl sHe] =

2HE Rdges H AASHE a@A F4de Aot o] HAE
H] & (Flow Fraction, FF)ol wa} so] An|s= dAdHe HE& A
Yetll= Zlew, o] A =9 A7t obd o Anlste AYE oS8t
o AREEITH URbH O R PLF+= 0914 1 Abele] gto= mdEw, 19
WhETE EHo] AsE ovjeit. sd FA g A, A8 A
2742y A= EnergyPlusell A A-&3t= Inlet Vane Dampers® A=
28319 3L, W82 Table 229} 7t}

PLF Atts Sla A8&¥ $7F Hl&S Table 239 7ol A alqitt. o=
Table 139] Test 4] #keo] H| &S Yo Attt 3 AAS T3 4o
PLF Ao 2 2A A8 g2 Table 243 72t} SAC PLFE 039, 0.44, 0.58,
0.99¢]9, RA2] PLF+ 039, 046, 066, 0992 ©]& 144We #3 7 22

Z712] g8 11.17W, 13.00W, 17.85W. 2851We] A3 & 4t=EstA

ol
-y of
oM M

il

Ot
rr

=

i

2 N PR ROORROO (2 10)

o 714,

P: o] X H]E (W)
Ve # ()

I A F7 (4)
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PLF = C+ Cy, » FF+ Cy » FF°+ C, « FF’+ C, « FF"
........................................................................................................ (/\1 11)
o] 71 A,

PLF: o1 =] 28] AT

Ci: &7 A7

C: A% A+

Cs: 2R A5=

Cy: 33F A5

Cs: 43F A5

FF . &% H&

Table 22. Inlet Vane Damper # A<=

T 5 C1 Cq Cs Cs Cs
A4 0.3507 0.3085 -0.5414 0.8720 0.000
Table 23. SA, RA T&d 9l T v & A=

SA RA
ne
=% [CMH] H) & % [CMH] H) &

Bl 12.52 0.14 15.36 0.16
oF 35.78 0.40 4212 0.45
= 60.12 0.68 71.09 0.76
A 88.56 1.00 93.66 1.00
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Table 24. PLF A4 2 AA A4 3

A7)
37] Ao

Larezel o

7] Alo] &

ALttt A4 BE
7IRE Ale] daels

Collection

darg Sl =

ERESE A2

25, 269 v LA AV HH
gk ol x]&nfgFo] z}z} 581 Wh, 3.65 Wh, 11.61
752 Wh, 10.31 Wh, 19.04 Wh=
HA 29%0llA Ao 182% U

A7 ey A 4n

aLe} ol

N e ED)

PR 7R 287,

skl Ao
of i FelA

71\ Al

_86_

A7,

Fig. 29&=

282 432 Wh, 432 Wh, 13.39 Wh, #*
tvElE A8 622 Wh, 86 Wh, 1666 Whz 3 713k Ao
el 3 24%00 4 A 99% U 2 oAy AE ALEsH T

Ao oA

W 5

ANYA u 7 2ol 7b 7HE Z FES A7 ATh
duglEFS 1 step A AAA AAdE A A
273 step A HI dFS e EFadh
ol A7l dFl gk FFHloly F=
& ZoR AdHn, F5 s NS AP dHolrt

SA RA )
|
mE o147 o 117
PLF A< PLF A< (W)
1] F(W) 1] FH(W)

1] 0.39 5.95 0.39 0.61 11.17
of 0.44 6.38 0.46 6.61 13.00
3 0.58 3.41 0.66 9.44 17.85
2 0.99 14.25 0.99 14.25 28.51

HEE AL FE ANFoR TH 24

271,
Whel™, #
RE gEolA
< yAE

lge

AAYA B
2715k A7 AH B
AT A7)
ZISE

o2 QA F #HE

oN @

ENYE



Table 25. 72 7|4k Ao} dag]lF ol YA v

33 75 Aol nFE

o Aol F71E o X &H F(Wh) A

= 1 2 3 4 5 6 7 8 | (wn
Casel | &7 | - - - | 108 | 1.08 | 1.08 | 1.08 | 1.49 | 581
Case2 | A7 | - - - - | 1.08 | 149 | 1.08 | 1.08 | 365
Case3 | 271 | - | 149 | 1.49 | 238 | 1.49 | 2.38 | 2.38 | 1.49 | 1161
g7l (Wh) 21.07

Cased | 971 | - - - - | 1.08 | 1.08 | 1.08 | 1.08 | 4.32
Case5 | M7] | - - - - | 108 | 1.08 | 1.08 | 1.08 | 432
Caseb | 27| - - | 149 | 238 | 238 | 238 | 238 | 238 | 13.39
gt (Wh) 22.03

Table 26. % k7] Ao L] oA 4H &

HA &7] Ao ¢ug=

oy Aol F71 of YA 4 H F(Wh) &7
= 1 2 3 4 5 6 7 8 | (wn
Casel | 971 | - - 1 1.08 | 238|149 | 1.08 | 149 | 1.49 | 752
Case2 | A7) | - | 1.08 | 238 | 238 | 1.49 | 1.49 | 1.49 | 1.49 | 10.31
Case3 | 271 | 238 | 2.38 | 238 | 238 | 238 | 2.38 | 2.38 | 238 | 19.04
g7l (Wh) 36.87

Cased | &7 | - - - 1108|149 | 149 | 1.08 | 1.08 | 6.22
Case5 | A7 | - - ] 1.08] 238|149 | 1.08 | 1.08 | 1.49 | 86
Caseb | 771 | - | 238 | 238 | 238 | 238 | 238 | 238 | 238 | 1666
gt (Wh) 31.48
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18 ORule based control ~ ®Optimal control
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Fig. 29. Ao} o U %] 2] &

52 HAFH A E#HlA

(1) A58 Aledela 7He

o ATl A HH #7] Ao dadlFol vhe Aol A&
Feds  FAstyl A&l AFH  Algdeld IRt gRs RdEs
T o S 2A, AdA 2AE A F mock-updll 487
FodagEs AEste] Adl #H= HlE FH odyA AR HuE

AAAT. WA, A2 CO, %% CO2 Earthol A A& 3l global January

2024 3t "oyl 422.16 ppme d& A&k A3 71FS Table 279

_88_

~~ll,
{ 111[=Tg




Table 27. 2" 3 QLA 2=

Time Day 1 | Day 2 | Day 3 | Day 4 | Day 5 | Day 6 | Day 7
00:00709:00
09:00710:00
10:00711:00
11:00712:00
12:00713:00
13:00714:00
14:00715:00
15:00716:00
16:00717:00
17:00718:00
18:00719:00
19:00720:00
20:00724:00

(e}
(e}
(e
(e
(e}

O ININ|N|J|O|00WwW (N[ (N
OO IN|OC|O|OO|D | |O© O
SOOI |0 |O©|O©|O© |00 | |00 |Ww
O|IHF|W|0|O©|O© ||| |O ||
SOOI ||| |||k |00

EolAY dFo] FXxE fgAdel UrHTorrey, Lisa et al, 2010;, Hu,

CO; o= RdS 7]Hto & mock-up 2 AlE#H oA dHolgH= Ho|stmS

A dolEel AR &2 4270l AMEdt. w adwity 0749

Fape wddon desd & sdel AEdoAg Ay A5
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spdelHE ¥ 138702 AFEE Fa 03 14ele] AR WHHL
oF st L AL 9d sulE Redon S5 Fa Aoldug
S it

dZ mdo] AEHolA ©vlelHE F7 sFAZth Helsty mul

9972 3 A =S YeER Sl

=
ATV

Table 28. Holetss 2 A5 H7}

[e3

A= Table 289 2tk MAE+ 510 ppm, MAPE 1.60%, CvRMSE 2.37%,
0

MAE MAPE CvRMSE R?

5.10 ppm 1.60% 2.37% 0.997

(4) = Q3w 24

AW CO, w29 W 4 Ay Figo 309 2ok tiiie] 453

744 ppmel A 960 ppm Alelel XA, o F7-2 765 ppmol A 970
AbolE FAetgTE. FH e 998 ppme xdEkA] ggkow =

o A= wEHA &tk o= Aol A= Fig. 31 ¥ Table

oN

1= o‘l
ppm
Z9

29}

2tk Day 1914 Day 57F4¢ MAE+ ¥+ 13514 ppm= UYERW AL,

CVvRMSE:E #Hir 1.92% om, R*= 099022 YEeElY 53 o= A=

Bt RE oA AR g 547 Wl A HiE e

225%2 HAFY, A SAEE A= 986 ppm ] o] =3k

ppmo & 411%Ath. o3 Ai= A F7F 0dolA 8HoR

Faelq MAE Aow oldh e FEe: AAZ HolHE Fz
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Table 29. 294 7] Ao} Fue]ZE o= FI=

T MAE CvRMSE R?

Day 1 13.69 ppm 1.98% 0.9913
Day 2 13.40 ppm 1.97% 0.9924
Day 3 1543 ppm 2.11% 0.9816
Day 4 16.71 ppm 2.31% 0.9879
Day 5 8.30 ppm 1.22% 0.9978

) AWl CO, A= vl
A3 Ay Fig. 327363 2rh. WA Day 191 Fig. 32.(a)oll A 59.85%,
Day 2 Fig. 33.(a)ol = 65.91%, Day 3 Fig. 34.(a)oll A= 42.42%, Day 4
Fig. 35.(a)lMX+= 47.73%, 18]3 Day 5 Fig. 36.(a)°lA& 90.91%E
gelstdh FAH&o] 7ME wr& Day 39 Hia AW CO, ¥=% 1,066
ppmeol ™, FAH]&o] 7t =& Day 59 CO, %% 1,006 ppml =

ZIEAst 2T FAS Bdv HA @7 Aol dueEd Fig.
]_

32736.(h)el A= EE 7IZbES fFA8]& o] 100%E YERHH 12 7Rk Ao
dugFiH] 78 Aol A Fsirt. AW CO; HA = Aot e
Hlnl I Z= Table 309+ Fig. 37¢|th. 4 Az 17 7]¥F Ao
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Table 31. ¥ oy A A4H]=F
T " & R % A HE
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Table 32. Aol dag]s o qA| &v| ek
s add U 24 F(Wh) o
= Day 1 | Day 2 | Day 3 | Day 4 | Day 5 | (Wh)
2 7]
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ABSTRACT

Development and performance evaluation of an
optimal ventilation control algorithm based on an

occupant information

Bae, Kang Woo
Major in Environmental Design in Architecture
Department of Architecture and Building Science

The Graduate School of Chung-Ang University

In modern society, people spend most of their time indoors, emphasizing
the importance of IAQ management. The primary causes of ITAQ
deterioration include CO, accumulation, VOCs, chemical pollutants, and the
infiltration of outdoor fine particulate matter, all of which can negatively
impact health. To address these issues, natural and mechanical ventilation
systems are used, and recently, IoT-based air quality monitoring systems,
smart ventilation systems, and Al-driven air quality prediction and control
technologies have been introduced.

A review of previous studies indicates that most OCC research has
focused on thermal environment and energy sectors, with ventilation
studies primarily utilizing occupancy presence and occupant count data.

However, indoor CO; generation varies based on occupants gender, BMI,
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and activity levels, making it essential to incorporate diverse occupant
information for more accurate control.

Therefore, this study aims to develop an optimal ventilation control
algorithm that integrates recent Al-based occupant activity models and
factors such as gender and BMI. For predicting indoor CO: concentration,
DNN and LSTM models were selected and trained using data collected
from preliminary mock-up experiments. The LSTM model, demonstrating
superior performance, was chosen for further development. The trained
model was subjected to transfer learning to enhance its applicability to
various environments. The optimal ventilation control algorithm was
designed to maintain indoor CO. concentration by calculating the optimal
ventilation rate based on real-time data. This algorithm emphasizes
improving the prediction accuracy of indoor CO, concentration by
incorporating occupants MET, BMI, and gender information for ventilation
system airflow selection.

To implement the indoor CO; concentration prediction model and the
optimal ventilation control algorithm, modeling was performed using both
mock-up and computer simulations. In the mock-up experiments,
customized ventilation systems and IoT-based environmental and video
sensors were used to acquire system control and environmental variables.
The computer simulations were conducted using Design Builder and
EnergyPlus, calibrated with airflow control experiment data collected over
two weeks in a living lab setting.

The optimal ventilation control algorithm was compared with a
rule-based control algorithm. Real-time prediction performance evaluation
showed that the mock-up achieved an average MAE of 44.09 ppm,
CVvRMSE of 5.83%, and R? of 0.5685. The simulation results showed MAE,
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CvRMSE, and R? values of 13.51 ppm, 1.92%, and 0.9902, respectively. In
terms of indoor comfort maintenance, the mock-up showed a comfort
maintenance ratio of 24.69% and 36.65% during walking activities due to
insufficient ventilation airflow, while maintaining 100% in other activities.
The simulation confirmed a 100% indoor comfort maintenance ratio
throughout the entire experiment period. These results indicate that the
optimal ventilation control algorithm outperforms the rule-based control
algorithm in both mock-up and simulation settings. However, energy
savings performance was lower with the optimal control algorithm,
showing 42.85% and 30.02% lower values for subjects A and B in the
mock-up, and 20.42% lower in the simulation compared to the rule-based
control algorithm. This suggests that the rule-based control algorithm is
more efficient in terms of energy savings compared to the optimal
ventilation control algorithm.

Future research aims to enhance the prediction model’s performance by
incorporating a broader range of training data, ultimately developing a
practically applicable system. The optimal ventilation control developed
through this study provides a practical solution for IAQ management and
1s expected to improve occupant comfort and health. By utilizing real-time
occupant information, more precise prediction performance can be achieved.
Additionally, future research will explore integrating this approach with
other fields, such as indoor fine particulate matter concentration and
PMV-based indoor temperature and humidity control, to further advance

performance.

Keyword : Indoor air quality, Optimal ventilation control, Occupant

information, Artificial neural network, Intelligent control
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