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ABSTRACT

KEYWORD

Purpose: Thermal comfort is a critical determinant of occupant health and well-being, and the predicted mean
vote (PMV) model has been widely adopted as a standard tool for its assessment. However, PMV consistently
shows systematic discrepancies with actual thermal sensation votes (TSV) due to its limited capacity to reflect
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individual physiological characteristics such as body mass index (BMI). This study aims to address this limitation

by developing BMI-based PMV correction coefficients. Method: Using the ASHRAE Global Thermal Comfort
Database II, PMV prediction errors were analyzed across BMI categories. The corrected index PMV* is defined as
PMV*=PMV+t, where t is a data-driven correction coefficient derived for each combination of BMI category and

Body Mass Index
Occupant-Centric Control
Predicted Mean Vote
Correction Coefficients

PMV range. Two models were developed in parallel: a Ridge PMV* model prioritizing interpretability and an

XGBoost PMV* model focusing on prediction accuracy, both providing correction coefficient lookup tables.
Result: The Ridge PMV* model reduced MAE and RMSE by approximately 8.7% and 8.3% compared to the
baseline PMV, while the XGBoost PMV* model achieved superior performance with reductions of approximately
24.0% and 20.2%, respectively. The proposed approach is expected to serve as a practical foundation for
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occupant-centric thermal environment control, particularly when integrated with non-intrusive image-based BMI

estimation technologies.
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Fig. 1. Research methodology for BMI-based PMV correction
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ASHRAE Thermal Comfort Database 11
109,033 records - 52 variables

~

Candidate variables (10)
Theory-based selection from 52
1 8 removed
Filter 1. Missing rate I
2 retained: Season - T,
1 both pass

{ Filter 2. MLR significance

Season - T, confirmed

Fixed variables (7)

PMV core (6)
T,-T,-RH v, - MET - CLO i

‘ BMI (1) ‘

Key correction variable

T~

Final input variables (9) — n = 3,602

Fixed (7): T, - T, RH - v, - MET - CLO - BMI
Selected (2): Season - T,

Fig. 2. Variable selection process for BMI correction
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Table 1. Missing data characteristics of candidate variables

. Non-missin, Missing count Missing rate
Variable count (n)g (ﬁ) (‘,/f)
Age 17,500 34,468 66.33
Gender 25,082 26,886 51.73
Season 51,968 0 0
Ty 26,684 25,284 48.65
T, 25,261 26,707 51.40
Blind curtain 1,520 50,448 97.08
Fan 4,099 47,869 92.13
Window 3,505 48,463 93.25
Door 900 51,068 98.27
Heater 3,480 48,488 93.31

Table 2. BMI classification criteria (WHO)

Category BMI Range
Underweight <18.5
Normal 18.5-24.9
Overweight 25.0-29.9
Obesity >30.0
N RFE FEFH e, GA 71E2 Table 2.9 AA5HHH. ¥
o 5 BMIA 2 2 1 oIS B 991z BRI
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~-PMV=Z AAstact. st
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Table 3. XGBoost model configuration

Table 4. Analysis of PMV prediction error by BMI category

Model Key hyperparameters Selected value
Number of estimators 1200
Learning rate (1) 0.02
Maximum depth 4
XGBoost
Minimum child weight 10
Subsample ratio 0.75
Column subsample ratio 0.75
Common Input variables Season, RH, CLO, MET,
Va, Tay Tr, Top, BMI

f.21, XGBoost EE“Q] 9 sto]matatu]g AAZES Table 3.
ol AIAISHAT. Bd ot Alofle H1 W40 SHgAS SH 6] 9
ol = 7421 71H & 285kt AA, ot HlolH 7% 4okl 1%
w95 Z25HeE Delta & Sl 291 4h2 = tiAlsh= o34
AL ottt E4), 22 47t Alete £ BMI-PMV 3t
Aol =4 EHEde fslelr] fAsi AdA Holzx F4
(empirical bayes shrinkage) 7= Z-85}o] 2+ 77+2] B Delta
= A7) 5t glolE W WEko s 2HF0 2H ALE L7kl A
o] Bt BAZE WA A5kt

2.3. 29 g5 9 A5 FU)

A4 3,602709] A HES 712 & Shs HlolE (80%, 2,881
7W)et HIAE o8 (20%, 72171 = F2+9] £ &shgict. ndll of<5
2 o5 HlolHE 7I¥te g pafstqlon, o<y w04 97 9
HEE Blof Yoty B ¥4 Deltad gH5ote] EPA G 8
A& & 845 ol E A A (2,8817]) Al &l thaf §HE 43
Sttt 7 ot A Emttt mdle g2 W 2ol th-goh= BAA

o 15 4AHESHH, S50l ¢ha | Fofl= ohs HlolE 9] ZF BMI Hl 5
ot PMV 17 292 A& (5 JASH] BHghS AlLtst
et olEA EEH Wt RAA S+ BMI HF9F PMV F1to] ot
2 2738 Fe2 Ael5n, o= 34 <] Table 6. (Ridge)>} Table 8.
(XGBoost)ll A|AH .

e s 7he ot w0l AR EA] &2 BIAE H|olH (7217)
£ 2&-§-oto] 4-3fstgiet. B2 E HlolH o] ZF A& el o Al &2
BMI #1526} PMV 1742 %‘i’_@ —?— St DACIA =EH HAPAS
AR o 171 (7S A-85te] PMV* & 4FESHT. o]
HA A 92} Delta=TSV - PM\/Q} A 3 02} Delta*=TSV-PMV*
E 747 Atsto] Hiugto 24 B aikE B7F6k 0w, Delta* 9]
Adigto] ZHATEE B A Gy} 3ok sjAsict o] 714 TSVE
g Stgolle AR EA] GFoH, BIAE A loA HEe] oS Adee
B7rst7] 915t A lole =Tt E8-H

S Grt Ax2E g A 22} (mean absolute error, MAE)
oF o AlF 22Hroot mean squared error, RMSE)E AH-8-51%]
ok MAE= oS3t Ak 7+ A @apo] ot o2 Aubaiel o 4t
271 Yer™(Eq. 1), RMSE+= 2218] AlF Bl Al 5
o r Aiaor & ot o WA HHEtHEq. 2)[36].
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Mean error
BMI category n Mean TSV Mean PMV (TSV-PMV)
Underweight | 380 0.089 0.064 0.025
Normal 2236 0.033 0.117 -0.084
Overweight 690 -0.130 0.018 -0.148
Obesity 296 -0.155 -0.188 0.033
1 ~
MAE = ; Y by, -l (Eq. D
i=1
1 n ~
RMSE = |3 (5, — 5, (Eq. 2)

7fdrE BMI 719 PMV* Bl 9] 52 7]& PMV 23} v
sto] EA5tal, BMIO| whE PMV o5 @2 EAJT BA BItE &
o2 AWE A A gt B4 BMI 154 7|E TSV-PMV ¢l %
97 54 591, PMV* B8 2.8 A3 v, 121 29 1A
AL 714 AEQ LAR AT REl A Hrte HA
22181 Delta®t B § 92391 Delta* (Delta*=TSV-PMV*)&
Foz 2otk

N >qu A

3.1. BMI I15™ PMV oz EA

PMV* &l 7idke]] oFA], 7] PMV K& o] BMIo] wte} o] w &
A5 2 EAS HolexE &elsty] 98 BMI 1549
TSV-PMV 2245 245t oH, A= Table 4.9 AAIsHt.

BMI 859 TSV-PMV B 22} (Delta) & £45H A7} 0217}
=(-)% ¢ PMVZFAA] TSVE T Th61A|, GF(+) Q] -5 A A

d=H-g oJu]gte}. Normal 1E(n=2,236)2 —0.084, Overweight
150=690)2 —0.148=, &3] Overweight 1504 PMV7} A A
TSVE T T5%6H| o & 5= ko] F=2 Atk §HH Underweight
5 (n=380) +0.025, Obesity 115 (n=296)< +0.033.2.2, PMV
7b AR TSVED b4 Z34A dEHe s By o
Underweight @ Obesity 52 oxto] Adigho] AtjAo g 2k1
B2 5L AR e|ng i 4 Ret 294 FE 5L
v sto] siAe "Wa st ek
ole} o] 7]E PMV 9| o5 @ 2b= BMI # 5ol ot
P

o
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F& BFen, ole 71E PMV 2do] Z|1of A|g S/ uh
A7 Aol & F18) WHYohA 28-S AR 53] ) dolel]
th=E 2125k Normal @ Overweight 1—~0ﬂH 29| 9217}t
AT B FL o] 23 WA Bk Wets) At v
/q BMIS _1_21 St E;H 7310] nJJq_o].cq PMV* _-;_r:ﬂ_/] _Q_ 7_1_‘4.
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3.2. Ridge 7|9t PMV B3 A%
Ridge 7158t PMV* R H 9] 4552 7] PMVE} v wsto] H7fs}
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fom, Ait= Table 5.0 AASHEH. 712 PMVEY MAE= o) Yo the Ao A AETHY.

0.8350, RMSE: 1.041291.01}, Ridge 7|4 PMV* 29 2§ &
MAE 0.7626, RMSE= 0.95512 Z}2F 8.7%, 8.3% 7t4:5H5]ct
MAE®} RMSEZF 5 Z+4-9t -8 Ridge 7]5F B A o] HatZol @
2 27|18 ot iAo s & o4k 4 i A5t o]
6}\:]—

Table 6.0 A= BAA LS AHHH BMI HEL} PMV 17+
of Wt M E2 thE BAA S 7 ZEE AT} Cool ¥ Slightly cool
F AL F(+) Q] HAASI el PMVE wHESH Higko 2
HA5H 2™, Neutral, Slightly warm @ Warm 7ol A= &(-)
o] BAA S et 27k o 2 BAsH= A Bt of
L 712 PMVY 0112 217} BMI ¥ 59} PMV F£7to] whet th2 7

UEePS-S utest Aol 3 HAA ST BMI B39} PMV

o5}
e
An
I

3.3. XGBoost 7|8F PMV B A%

XGBoost 7|9 PMV* &l o] 45 7]E PMV e} H|w5te] 4
7¥stglem, At Table 7.0 AAISHH. 71& PMVE] MAE+=
0.8350, RMSE+= 1.0412%1 .24, XGBoost 7|5 PMV* 2 48
5 MAEE 0.6343, RMSEE 0.83052 242} 24.0%, 20.2% 245}
4t} o]+ Ridge 716t A (MAE 8.7%, RMSE 8.3% 7t 4) tiH] ©
T FY oA Aam, 4 My Y BAE SIS HAo]
PMV 9|5 @2} Zao] F7HH 07 7]ofgh Ao deent

Table 8.9 AAH RAA S A E A, BMI 59 PMV 3¢
of et A2 o2 BAAS 7 ZEE A} Cool ¥ Slightly cool
FeME F(+)o] HAGAS7E eyt PMVE st o s

Zl-oﬂ H}E} 31% 7}%@— z27 gl 3 EHi 7‘] ]Qoi 7] =PMV 7]}?_} Zﬂ ZA 3]—Cﬂ o D% Neutra hghtly warm % 2 Warm ?—7}‘01]/\‘1—“‘:‘— —%(—)
ol 22 A3 482 o A= FHE Ml o] BRAAGI} et A7he wFe s zAslgr) ok J)E
Ridge 718F PMV* R El> A3 B HFA]Qlof & 7]E PMV Y o PMV] o= ¢ 2} Hhgko] BMI ¥l39} PMV F-7¢e] whet o2 4] 1t
= A4S Fofulst getotalrt. £ X2 A9 99+ 25 59 Ehd-S whd gt Ao 2 3249 Ridge 7|4t HAA S0 SARG A
ZF fap7h BAo] 71ofote WA S o9 Aez 2dstEz BA v S Bt
AUZE B0z ofsfet 4 9k, ol B vl AY B G XGBoost 7|5 PMV* 2.8 o2l s 7h w s A58
gl Hpd 7o 5 el gele 4 Qltte oA 7= Aleet stedsto 24 Ridge 75t =&l ofju] o] 2 %94 03} A2 DA}
o ot A 2 544 W A ud g Aedge SE0l Act. ohek B4 1z0] 34 0] Ridge Relof| H] 3] AFtjz] o 2 Ao
gt dl AT §loH, o] & Bkt XGBoost 7|5 PMV* 2H Ho2 o AEre s)A 7 E olb ZHS © Atk o}
Table 5. Ridge model performance metrics Table 7. XGBoost model performance metrics
Model Type MAE RMSE Model Type MAE RMSE
. Baseline Delta 0.8350 1.0412 Baseline Delta 0.8350 1.0412
Ridge - XGBoost
Ridge Delta* 0.7626 0.9551 XGBoost Delta* 0.6343 0.8305
Table 6. Ridge model-based correction coefficient lookup table Table 8. XGBoost model-based correction coefficient lookup table
t t
BMI PMV Delta Delta* (Correction BMI PMV Delta Delta* (Correction
coefficient) coefficient)
Cool 0.7533 0.5559 0.1974 Cool 0.7533 0.3575 0.3959
Slightly cool 0.5252 0.3823 0.1429 Slightly cool 0.5252 0.2374 0.2878
Underweight Neutral -0.0152 0.0272 -0.0424 Underweight Neutral -0.0152 0.0707 -0.0859
Slightly warm | -0.3516 -0.1405 -0.2111 Slightly warm | -0.3516 -0.1507 -0.2010
Warm -1.9100 -1.3100 -0.6000 Warm -1.9100 -1.4343 -0.4757
Cool 0.7741 0.6889 0.0851 Cool 0.7741 0.5524 0.2217
Slightly cool 0.4411 0.3644 0.0767 Slightly cool 0.4411 0.1444 0.2967
Normal Neutral -0.1351 -0.0790 -0.0561 Normal Neutral -0.1351 -0.0312 -0.1039
Slightly warm | -0.2682 -0.0784 -0.1898 Slightly warm | -0.2682 -0.0472 -0.2210
Warm -0.9486 -0.4124 -0.5362 Warm -0.9486 -0.6464 -0.3021
Cool 1.1718 0.8690 0.3028 Cool 1.1718 0.7485 0.4233
Slightly cool 0.4977 0.3899 0.1078 Slightly cool 0.4977 0.2546 0.2431
Overweight Neutral -0.3733 -0.2013 -0.1720 Overweight Neutral -0.3733 -0.0634 -0.3099
Slightly warm | -0.5219 -0.3353 -0.1865 Slightly warm | -0.5219 -0.2036 -0.3182
Warm -1.3400 -1.1263 -0.2137 Warm -1.3400 -1.1356 -0.2044
Cool 1.3700 1.1444 0.2256 Cool 1.3700 1.0809 0.2891
Slightly cool 0.5410 0.4184 0.1226 Slightly cool 0.5410 0.2964 0.2446
Obesity Neutral -0.3034 -0.1628 -0.1406 Obesity Neutral -0.3034 -0.0698 -0.2336
Slightly warm | -0.0031 0.2381 -0.2413 Slightly warm | -0.0031 0.0765 -0.0797
Warm -1.7600 -1.4955 -0.2645 Warm -1.7600 -1.7473 -0.0127
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Fig. 3. Comparison of model performance metrics (MAE, RMSE)
across baseline PMV, ridge PMV*, and XGBoost PMV*
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