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ABSTRACT K

EYW
Purpose: This study aimed to quantify how quickly indoor environmental prediction models adapt when Ui 2t8 oS 2E
transferred between different buildings using fine-tuning—based transfer learning. By focusing on temperature, ]71;%'

CO,, and PM, 5 prediction, the study examines both the initial performance degradation caused by domain shiftand =
the subsequent recovery process, in order to identify a practical adaptation period for reliable model deployment.  [ndoor Environmental Prediction Model
Method: DNN models trained on long-term data from an office building (Site A) were transferred to two large  Fine-Tuning

commercial buildings (Sites B and C). For each target site, daily fine-tuning was performed for 7 days using ~ Transfer Learning

sliding-window datasets from the previous week, and day-by-day MAE, CvVRMSE, and R? were evaluated. Result:

n Site B, temperature and CO, models showed severe errors in the first 1~2 days (CvRMSE up to 91.51% and

60.78%) but converged to stable levels after about 3—5 days of fine-tuning, whereas PM, s remained more variable A CCEPTANCE INFO
(CvRMSE about 9~28%). The results indicate that several days of fine-tuning are required for reliable model  Received Nov. 17, 2025

transfer between buildings, and that PM,s prediction in particular needs longer training and further model  Final revision received Dec. 2, 2025
Accepted Dec. 5, 2025

refinement.
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Table 1. Site overview

Type Contents
Adress ‘H’ Building, Gangnam-gu, Seoul
Floor area 26,402.20m*1 Zone
Site A Type Office
Operating 08:00~20:00
hour
Adress ‘L> Market, Gangnam-gu, Seoul
Floor area 38,456.70m*/4 Zones
Site B Type Market
Operating 10:00~22:30
hour
Adress ‘L’ Store, Busangin-gu, Busan
Floor area 379,246.91n/6 Zones
Site C Type Department store
Operating 10:00~20:30
hour

Step 1. Get data
o  Data acquisition from Database of Site A
(2025.01.01 ~ 04.07)
o Data list
- Environmental data [temp, humi, CO,, PM]
- HVAC data [on/off, mode, flowrate]
- Air purifier data [on/off]
- Number of occupants [person]

v

Step 2. Data preparation
»  Removal of outliers and missing values
e  Correlation Analysis(Pearson)
»  Data restructuring to fit the learning model

v

Step 3. Development of Prediction model

e Utilize a DNN model

e Development of Temp, CO2, and PMa.s
prediction model

e Performance evaluation(MAE, CvRMSE, R%)

v

Step 4. Application to Two Sites
e Application of the developed prediction model
(Temperature, CO2, PM:.5) for one week
e Analysis of prediction accuracy(MAE,
CvRMSE, R?)

Fig. 1. Research process
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Table 2. Descriptive statistics of key variables in site A

Contents
Type
P Min. Max. Mean Standard
deviation
Indoor Temp. [°C] 17.86 29.18 23.38 1.73
Indoor Humi. [%] 10.59 43.63 21.39 4.58
Indoor CO; [ppm] 400 991 500.4 49.56
Outdoor PM, 0.1 135.6 27.72 21.65
[ug/m’]
Indoor PM s
0 45.04 8.49 6.82
[1g/m’]
Hvac
supply air flow 0 30,384 12,445 14,258.5
[CMH]
Hvac
return air flow 0 35,209 14,553 16,679
[CMH]
Hvac hot water
damper ratio [%) 0 100 693 1546
Hvac
damper ratio [%] 0 100 6.36 17.85
Alr purifier 0 1 0.36 0.48
operation [0, 1]
Number of 0 51.15 6.48 9.41
occupants [people]
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Fig. 2. Pearson correlation analysis

Table 3. In-output variables

Model Input variables Output variable
¢ Indoor temp. (temp)
 Indoor humi. (humi) « Tndoor
Temp. » HVAC supply airflow (ahu ) temperature after
¢ HVAC return airflow (ahu r) 10 minutes
* HVAC setpoint (ahu_temp)
* Number of occupants (occ)
* Indoor CO, concentration (co,)
* HVAC supply airflow (ahu_s) ¢ Indoor CO,
CO, * HVAC return airflow (ahu r) concentration

* HVAC damper ratio (ahu_damper) after 10 minutes

* Number of occupants (occ)

¢ Outdoor PM,s concentration
(out_pm2 _5)

¢ Indoor PM, s concentration (pm2_5)

* Indoor humi. (humi)

PM,s | « HVAC supply airflow (ahu_s)

* HVAC return airflow (ahu r)

*« HVAC damper ratio (ahu_damper)

* Air purifier (air_purifier)

* Number of occupants (occ)

¢ Indoor PM, s
concentration
after 10 minutes
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Table 4. Input variables for indoor environmental prediction model

Hyperparameter variables Range
Neuron * 32~512, step=32
Hidden layer * 0~5
Dropout * 0~0.5, step=0.1
Activation function * ReLU, sigmoid, tanh
Loss function * MSE
Optimization function * Adam optimization
Max trial * 10
Epoch * 60

Training option Early stopping=5
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T A skt WA, AFA Ao A= Ho|HE o]-gs}
ol £, COy, PMys =5 d55h= 27] RES ok5st3i. o
T AF2] Bt CollA= 2 A5 9] DBell #1745 241 A3 wlolH
£ &gato], mjd 2H4(00:00) oA 17 U7HQ4AZEX TH) £4
HulolHE Eele F, 94 dol9] ¥ -2 A|gAS Pt
window slide 4] 0 & ot5-8 &2 A5t oA 4
5 1794 sliding window H[o[E A& o]-g5}e], A A7t 9 7+
2|8 27|30 2 ot mol RS 4=5sto 24 Rdo] A7t At
of wheh 7t AF21 9] 2 270 Wgkel Ay 87 S o=
-85t % sttt ol 5 Foll 27]0ll= A5 A A o5 B4l %
SHA| Hhl melo] 2| gk HhE A el A mhol RS AXHA AF
A B2 C A0 AAE i3} vl g EAS vrdste o=

zelo] gyl =S st

Table 5.5 A% Adj|A] 733 3712 DNN 7]t o= mdlo]
27) 4% Bt AAE Qe Aot BEO] 2UF O L E =
W4 7 HA Y PAIE 0] ShEotEA R BARS Aot o
P& vefote] AAsoltt. FAHC R, ﬂrEo}ﬂl 2435e 71
2dle 5k dlolg o BHA g E o] Bt AFA] oiRlRY Al US4
5ol AskE £ 9lenz B A AE 245 2~37 o] vl
2 Tedt DNNS 7|2 122 Afelspolet. T3 Fd e 1A 25
& Z0M TR TZE 8| wE, AS A5 (MAE, CVRMSE, R?)
T} 3h5 A S TRA 0= TEsto] XF X5 A5

A, AU %E & e 6-192-32-128-1 +%9 St5E

g2 A}gstelom, MAE 0.07°C, CVRMSE

*MCOz%qul Eﬂ‘( -64-128-1 F%)2] 4% MAE 8.66

Table 5. Initial model performance evaluation results

ppm, CvRMSE 4.58%, R?=0.95042 tetjo], AUl CO, %= H
stofl oA & w2 0] AEHS GHG 2o wkgr,
A PM, 5 5k ol & 22 (8-128-64-64-1 F%)2 MAE 0.54
ug/m®, CVRMSE 10.35%, R? 0.9863% et o], th2 mellof H]sf
A Aoz QA7) thAh A oqﬂ 5] ¥ 2RASTE FHsto
Al PMys s A5l SEI AYE S 2he 2107 grbdch
Ao A Bl B e ii} %ﬁﬂ R”gh& Bof, A2 A
dlelHE 7Ifte & gt 27] o5 Bd o] g o] At oz g

51 A 2010 Flolalr A
2L BT 4 9k,

mlo

R rlo

M7

42. AFAE A& A7

Table 6.2 A5 Bo]l 747 a2 02 o= RS 283t 2
7= Vb Aot % o & Bd2 Day 1~20]4 MAEZ} 22}
1.97°C, 1.62°C, CYRMSE7} 91.51%, 59.11%2 )% 2 9212 B G
O}, Day 3 ]2 EE MAE 0.13-0.19°C, CVRMSE 0.67~1.00%
SF0 2 F743] Fastgrt. o] 71t A R4 0.7807~0.9730 B
A2 Jsto], 7] 29 A9t HytE o R Foet 2k o
oS AT 4 9ith CO, & 2 GA] Day 1~40] 4= MAE
112.30~672.01ppm, CvRMSE 25.85~60.78% 5 A& #Eo]
2 "olA|uk, Day 5 o]Fol= MAE 5.42~13.21ppm, CvRMSE
1.88~3.66% %02 A5, R2E Xt 0.98027H4] T4 =
£ ¥4 Bk PM,s & 2Eo] 39 A 7|2 59 MAEE
0.47~4.81yg/m’2 BB 2 22 S 92519 01}, CvVRMSES} R%=
AR thh HFE0] Z A0 Yepyth

Table 7.9] A=2] C A2 HH, &% o= rdle A8 x7|HE
A 79 59 MAEE 0.08~0.8
8°C, CVRMSE: 0.45~7.98% #9lo] Ristglon] R A4
0.5926, o] 0.9848= AGtA 02 =2 ALZ Bt CO, 9%
2d.2 Day 2914 MAE 62.70ppm, CvRMSE 20.25%, R*=
0.3346 5 Hl & 2 927} B E gl o Day 3 o]$ o= MAE
6.14~17.39ppm, CvRMSE 2.16~5.02% 430 2 7435191, R?

AN O P A5

Type Structure Leaming rate Activation function MAE CvRMSE R

Temp. 6-192-32-128-1 0.0001 ReLU 0.07°C 0.42% 0.9947
rlr?(l:zifl CO, 5-64-128-1 0.0001 ReLU 8.66ppm 4.58% 0.9504

PM, s 8-128-64-64-1 0.0001 ReLU 0.54pg/m’ 10.35% 0.9863

Table 6. Performance changes over 7 days in test site ‘B’
Temperature CO, PM, 5

Day MAE [°C] | CVRMSE [%] R MAE [ppm] | CVRMSE [%] R MAE [gg/m’] | CVRMSE [%] R
Day 1 1.97 91.51 - 281.84 60.78 - 2.49 18.85 -
Day 2 1.62 59.11 0.2871 568.64 25.85 0.7345 4.81 44.99 0.4324
Day 3 0.13 0.74 0.9467 672.01 4431 0.2967 1.85 45.82 0.2897
Day 4 0.18 1.00 0.7807 112.30 29.40 0.3935 2.36 76.84 -
Day 5 0.14 0.73 0.9689 542 1.88 0.9802 0.87 64.63 0.6246
Day 6 0.13 0.67 0.9730 9.73 3.36 0.5438 0.47 21.99 0.8531
Day 7 0.19 0.88 0.9359 13.21 3.66 0.7832 0.76 12.86 0.6956
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Table 7. Performance changes over 7 days in test site ‘C’
Temperature CO, PM, 5
Day MAE [°C] | CVRMSE [%] R MAE [ppm] | CVRMSE [%] R MAE [gg/m’] | CVRMSE [%] R
Day 1 0.19 2.33 0.8844 26.59 7.07 - 0.75 12.10 0.9801
Day 2 0.88 7.98 0.8504 62.70 20.25 0.3346 0.44 23.09 0.9649
Day 3 0.12 0.70 0.5926 7.81 2.34 0.9007 0.43 9.01 0.9374
Day 4 0.12 0.55 0.8281 17.39 5.02 0.3502 0.30 14.02 0.9785
Day 5 0.12 0.66 0.9755 13.69 3.50 0.9875 0.30 28.36 0.9508
Day 6 0.09 0.50 0.9842 11.95 3.08 0.9907 0.37 25.54 0.9646
Day 7 0.08 0.45 0.9848 6.14 2.16 0.9707 0.38 18.70 0.9645
At LAt A 0.90 o= 7155t PMys A& 2H AFA CoAld e Atz o s ‘%11 Bo]l H3f % % H5Fo] 2L
QA 5 Do)

AZ2)¢} T Al AE5RE BF g 27] [~2971] 45
o] ZA Aot E FEH F= Hrh AZ 2] A A S5E
HzrdS 452 B, CY 3&2& 29 24 Id= -85t 4
oA = W] Rt ok 7k detAls EH|Ql Aol
(domain shift)7} A 7] BlEo 2 s dct, E5] = AE2]

FE2E G vlolH = &8 29 2AET ] Alo] 4o A4 it
FHBR, Y M AAE MRSt SR 24 0] el A5

9lom, R%= 0.9466~0.9801 =50 2 v WA ¢4

o
2 A 7|17t Ax MAE 0.30~0.75ug/m?, CVRMSE 9.01~28.36%
W
=
&

289 A% P50l 48 2] 24 FA A4 4 9
ol% U4 TR YL Fof ZE oA tlojelst Ao R 57
A, MAES} CVRMSE% ZAstn R st o g 4
Fohe T Selokgl o v, ol W mhelR o] oA E §7-
2+ EA4E BE 7HEA of ¥redsto] A& F5-S A EA7]=H 1

TS AR,
AZ7 BY A%, £ R A8 4Q}o] DB 4 the] B2
7hupgete] QJel-22 AlA Gl Aol AotEA QA Ho g
J5ol etatE| gl o, A5 F3to] sjAg o] ofl= | B7} THA]
4 912 SIRE ST CO, REL Mg 27)(1~407D) A4 %
9 7] 24 271 Hste] 9izehA gh-3-5h 2 & HE o] 2 A vE
WO 97 i gt 22 2] e s S e melR Y
& 53] 597} ol Folle 27 R o] WL 97} 52 SRkl
t}, o= WA 9] 7% A §lF3t 87 Aof 9] FFo] i e
2 24 Uehiel, g 9ol 4 W4 FE6| hgd o o
o H$ H& 9 o5t pFo] FAY & Ueg HolEh vhi
PMys RELE 45 17, A4 7] 4 85 o] 5 0o 0 gglo]
ARH o2 A7 H 08 WAStE 7 B4 A dolwrt &
of, MAES®} CVRMSEE AAH 02 MAH Q-G E R7T A=
O & YA §A R TS BTk ol B QA FasttietE
9% e 5] Aok 2e 17ko] EAPLL o], 2
& 2919 Bol M9 Aol T 5L PN F7h S Y
H)ot A Kt 71 71749

ot 27BN FESAL 1 oy 4Eo sEsgn
PM,s REL FR UL Bgdto] 2 717 ok A o2 g Hel
Y% A EE GASL0H, o) AFA CAH] 2 B AY
ol HlwA A o], B2 % A8} 270] Agstol n
o si%abr] 4e o] YHHNL ML AT ot
CVRMSE: B 7k Zoba 270e4] A a2 ngsh
WEY 5 00 E, PM, 59t Zol BF grol w1 2mtol st 24
she ABOIAE MAES R'E @70 Zefstel §5-2 4T 84
7t 9let.

FPohY, 27] 1~29742 A2E BS DE IR L T
HAR A% o] QA 27 R-bahElE gL )
2 % Qlole, et A AR A (OM, ) BEL 0 G Al
8 W HAFH 02 s ©] loleRto s A% qhyet ol
£ Bsplol @At loml, 7] A% dlolel 7w #7} 4%
serfol2 TS T B4 Wk 9 LA A T we]
YL Fof o5 45 Fh2 nEse Bast gt
5. 28

3 Q764 A% AdlA 753 DNN 7] A £, CO,,
PM,s )% R9S 457 Be} C2 Holaha, 153 2 mels
e alste] A 28 0T A 48 A H R4S

Ak AFA AoA AdE 712 Bde 2 MAE 0.07C, CO,

MAE 8.66ppm, PM,s MAE 0.54ug/m’* % R? 0.95 o402 Zxt
Hog o5gt o2 452 bl Tt 454 Bol Aed 2
7] 1~ 3ol muel Holo] whe 43 BE BUAE 2 U

CO2| CVRMSEZF 27} 2t 91.51%2} 60.78%7H] F7tote= &
% Aot A o1 F B AR YL AFY] wef 2=
E\:—ﬂg 301j]_ o]_—c;)‘_ CO, Et—ﬂ [e] 501;} o] 21} 1] _u.7]_ 0}1-114 [e)

#4510 R} S E L 3 %E%BﬂﬁﬁfmgﬂE%ﬂ
:ﬁnwﬂﬂAw%ﬂﬂ%%% £ 20 AREE, CO)o 4
50 7Fs & AlARRITE HEE PMy s E‘ii_! & AFA B C HFofA
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