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ABSTRACT

KEYWORD

Purpose: This study aimed to develop a CO, prediction model to enhance indoor air quality (IAQ) management AW 37|

by incorporating real-time occupant-specific characteristics such as activity levels (MET), gender, and BMI.
Traditional models typically rely on basic variables like occupant count, often ignoring individual factors that

oz=2d
M g

significantly affect CO, emissions. By including these variables, the model seeks to improve predictive accuracy  Indoor Air Quality
and optimize ventilation control systems for enhanced energy efficiency and IAQ management. Method: Two  Prediction Model
predictive models were developed using DNN and GRU machine learning algorithms. One model utilized basic ~ Occupants Information

number of occupants and environmental (outdoor CO,, indoor CO,, ventilation system flowrate) data, while the
enhanced model incorporated MET, gender, and BMI. Both models were trained on mock-up data collected from a
controlled environment, including CO, concentration, ventilation flow rates, and occupant information. Their
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performance was evaluated using MAE, CvRMSE, and R2 Result: The enhanced model, integrating  Accepted Oct. 11,2024
occupant-specific variables, demonstrated significant improvements in prediction accuracy compared to the
traditional model, with MAE and CvRMSE values improving by 3.93% and 6.92%, respectively. These results
highlight the importance of detailed occupant data for real-time IAQ management and the potential for greater

efficiency in ventilation control and energy savings in sustainable buildings.
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3.1. Mock—up %

1) Mock-up 7H&

Mock—up tH=9] Q10| A A s Q= 7oA g
AL 919 BN 2L Folgle] A2 Aofot AL A
A7Fel oFdeFE mld 4= k. whebA, 2 Aol FAE
o2 ol 253 45HIHE Slal BAAA, PR, 8714
2"o] A2 5= mock-up2 7535 th Mock-up?] 7 8= Table
L3} 23, 35 AL Fig. 17 20k A7) 9145 A& 5470]
AT C oot 2%o)ch WiF AL FRAATATA AT
A 2745 A2 23 A A5 D AR 720 ket 4 A
37 3,54 9] 712 FARE 2.6m(D) * 1.35m(W) * 2.4m

N

Table 1. Mock-up information

Information Details
3 Mockup: 7 En\?rut:::?ernml
o L \ | ®
Plan il .—.—._]N\\\
0092 1
I
System nsor mMCuU Data co
EVcnulmmr\Sysncmlr ensor A Raspberry Pi4 —— Da
¥ Server = Con
sor (Webcam)
Location ‘C’ University, Seoul, South Korea
Scale Floor area : 3.51m’
Outshell Uninterruptible clear panel
Ocuupants 1 person
Ventilation Type 1 ventilation system
System P 4
¢ Qutdoor & Indoor sensors
- Drybulb temperature [°C]
- Relative humidity [%]
- PMy [pg/m’]
- PMys [ug/m’]
- CO; [ppm]
Variables ¢ Ventilation system
- Flowrate [CMH]
s CCTV
- Number of occupants [person]
- Occupant activity level [met]
- BMI [kg/m’]
- Gender [0,1,2]

Fig. 1. Mock-up setup
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29 1952 E 29199714 mock-up& 54t dlolg 3-8 13
stolom, A St oA 59, F 109 2] I EAE AAsHoTt
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TH7E fgtHolHE ASSath A 77 d AdA R
Table 2.9} 2t

AR BESE HolHE gEste] 4 4 Al
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20 30q1 0_] oz xﬂﬂo}(}aq /H;G;] o] 0_]1: © F1g 2
mock—up WHA 7|AAH 7hs Adei(v7bs, g, 48, &
T, ) EHE oY) (met 1.0), A7] (met 1.2), 27] (met 1.7) 37}A]
ﬁgE&Z_}- 7} 4 H/V\] 159,] _roﬂ }-Oﬂ]:]-
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A A2 A4 mock—up WH-ETHC R QI5f 7148 Al
A2 7t E7toto] 238 A 2bstlom, 492 Fig. 3.3 2t g4
£ QI 270 9] W} Ao HE (off, Q71 =Y, Hieeh TdS gt
470 9] W& AA| syl on HE Aot 7heotE s Aot

@, @9 20 A== Full7] W(BFM17051B)2 24V DC o

2 37]1=170mm (D) * 170mm (W) * 51mm (H)o|c}. A& o=l
©] 13.54 mmH20 ¢ o, &]EH 377.4 CMH9| Z5-& TR A 71},
Aol BREE AAst: " F 42 O-1~40| afiFstH, A o]

Table 2. Participant information and experiment duration

Height Weight BMI Participant
IS em | 6w | | agmd | period
Al M 181 75 32 22.89 2/12
B| M 171 55 28 18.81 2/13, 15
C| M 173 72 26 24.06 2/1, 2
D| M 176 70 24 22.6 2/8
E| M 168 63 33 22.31 3/13, 18, 19
F F 157 45 28 18.26 2/14, 16
G| F 158 47 25 18.1 2/18, 19
H| F 159 48.5 28 19.18 2/3, 12
I F 162 50 28 19.04 2/6, 7
J F 161 52 25 20.06 3/17, 20, 24

Fig. 2. Occupant activity level experiment
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Fig. 3. Ventilation system configuration diagram
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out_humi {0.34 N6} 0. b . .10{0.13+0.15+0.15+0.12£0.16[0.09

out_co2 +0.14]0.09 il 0.12
in_temp {0.1800.1 P ooalo.

in_humi

0.05f0.05}0.05(0.06{0.05(0.08

in_co2 0. 8 . . REY 1 00 0.61 LI fikL] 0.66 0.63 0.51

occ 40.07 |-0.1310.05(0.06]0.1 3 [LH-FEE NI N-EALR AP [R-TY [ K

SA_flow H0.02 f0.150.05f0.08{0. 1.00|1.00/0.64 0.62 0.61 - —0.25

RA_flow H0.02 [0.1540.05-0.08{0.06 |0.35 RN IR RN E RN -G N S

—0.50
met 40.07 [0.12}40.0610.06{0.13 [N RERAN NCE S NCESE WOl [VE-EA [ K-}

bmi 40.06 |-0.16{0.05(0.07|0. X .96 0.62 0.62 0.94(1.00{0.90 —0.75

gender H0.08 [-0.09+0.081-0.070.13 [I-S UIEEEIG REE L RCE BGE-F R [X-T- 1 b ieT.]

—1.00

out_temp -
out_humi -
out_co2 -
in_temp -
in_humi
in_co2
SA flow
RA flow
gender

Fig. 4. Pearson correlation analysis

Table 3. Input and output variables for indoor CO; concentration
prediction model
Type Variables (abbreciation)

Outdoor CO, Concentraiotn [ppm] (out_co2)
Indoor CO, Concentraiotn [ppm] (in_co2)
SA (Supply Airflow) [CMH] (SA_flow)

Input * RA (Return Airflow) [CMH] (RA_flow)
Variables | * Number of occupants [person] (occ)
MET [met] (met)
BMI [kg/m?] (bmi)
Gender [0, 1, 2] (gender)

Output
Variable

Indoor CO, Concentration After 5 Minutes [ppm]
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Table 4. Input and output variables for indoor CO; concentration
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
DNN Loss function * MSE
Optimization function * Adam optimization
Max trial ¢ 20
Epoch * 100
Training option * Early stopping = 5
GRU Window size ©2 34

9o}, 2 AFolAE DHRS Aaels

dZ&rd ALHrt= MAE(Mean Absolute Error), CvRMSE
(Coefficient of Variation of the Root Mean Squared Error),
R%(Coefficient of Determination) Z]EE AR&sto] o] o] A},
MAE+= 9| Zgkat A3 e] Ao ©210] Hot-& Hepjo] Hel o] of
Z 9319 4712 H7)skal, CVRMSE: RMSES AA|7ke] 70
2 Lol MEAS BlekE 7] Eolok R Rlo] AAgke] W5
48 Foht 2 RS ehiel, o] 10] A4S 2
o] 0] 9442 SJulTc, o) o o 22| ez Al

MAE = %Z ly;, —t:] (Eq. 1)
1

(Eq. 2)

RP=1-Y) (Eq. 3)

where n. the number of data point (i), t; . estimated
value of model for data point (i) and  y; . actual value for
data point (1) and Y; : mean value of the actual values

4, HS2H

Bl

olr

4.1. d5nd g5 A7
SR H 9| ot A= 5ol E F ekl AFEE]A] g2 H|
2 Ef(test) Hlo|HE ARg-sto] B7Fsgiet. ]Z A g 9 A
A BEe] stoldutein|y A3 W U ASRd 52
Table 5.9} Zro] Uretyit.
M2 7]Z HHA 29 o] DNN ReL 320, 32, 144719] A o2
T4E & 3¢ 245 7HTh o

%2 rP

& (learning rate)2 0.0019]
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Table 5. Input and output variables for indoor CO; concentration prediction model

Model Structure Lot | Sl MAE CVRMSE R
function
DNN 8-320-32-144-1 0.001 ReLU 48.11 ppm 15.47% 0.7970
— Window size = 2 8-288-448-1 0.001 Tanh 36.42 ppm 23.40% 0.5356
aseline
GRU | Window size = 3 8-32-512-1 0.001 Tanh 49.58 ppm 23.89% 0.5160
Window size = 4 8-256-416-1 0.001 Tanh 48.19 ppm 25.59% 0.4447
DNN 8-512-128-176-1 0.001 ReLU 46.22 ppm 14.40% 0.8242
Window size = 2 8-384-512-1 0.001 Tanh 32.97 ppm 21.49% 0.6083
Improved - -
GRU | Window size = 3 8-320-512-1 0.001 Tanh 33.45 ppm 21.58% 0.6051
Window size = 4 8-256-512-1 0.001 Tanh 38.03 ppm 22.27% 0.5793
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Fig. 5. Model comparison graph
Table 6. Prediction model results
Data segment
Model All 100-200 240-340 580-630
MAE | Ruse | R MAE f crvse | R MAE 1 crvse | R MAE  crvse | R
[ppm] [ppm] [ppm] [ppm]
Baseline 62.33 19.83% 0.8710 143.98 24.38% 0.7979 122.07 23.90% 0.6848 92.39 17.37% | 0.8664
Imporved 45.30 18.73% 0.8762 130.89 24.22% | 0.7967 95.44 22.53% 0.7699 80.69 14.99% | 0.8787
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