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Abstract

Information on clothing insulation (CLO) worn by individual occupants is essential for comfort-based control in buildings. It is necessary to

develop a method for estimating each occupant's real-time actual clothing information in situations with multiple occupants. This study aims

to suggest a novel approach to estimate the CLO of multiple occupants in real-time and confirm its practical application with the help of a

performance evaluation in a test-bed. A process that combined the person detection model and the CLO estimation model was proposed.

Experiments to estimate CLO worn by multiple persons in a test-bed were conducted to train the model and evaluate its performance at each

stage of the process. As a result, each model of the process demonstrated an average person detection accuracy of 95% and a CLO

estimation accuracy of 91% for six different clothing combinations. Consequently, these experimental findings confirmed the feasibility of

estimating a person's clothing insulation in an indoor environment where multiple people exist.
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A AR SR =A87F Ragol we}, 5FF &9
AHE AdelA Rule AgEEc] F7hstal UThDe
Giuli, Da Pos & De Carli, 2012; Choi et al. 2021a). ©]=Z
A3 A= A7, dF AP TY ahe "ol 9Fs
X AW E3Ad dig F8A0 dFFHL o,
A3 AW 34 AFTES AT S =¥o] FIY5
3 JtH(Jung & Jazizadeh, 2019; Choi et al., 2022a).

Az S FEAHIY FACA dE AdUA Y
&4 AMES HElA A AAAY FF, A, Az
E9 22 HARE EUE AoE FYPst= AL T4
A o (occupant-centric control, OCC)oll gk TAlo] ZF7}3}
= FAlo]th(Pang et al,, 2021; Yang et al., 2022). Pang et
al.(2020)2 AlEH IS 7RISR AAA dd HRE

83 AE A Al HA 24%NA A 58%7kA] AE
NUAE Hkd £ &g FAJT =, Xie et
al.(2020)2> OCCe} #AH B HEE Y3t AAAt
FA9 A2 B H 22%2 AR HeF = 29.1%2
A HY Fdol 7hesds FAA

AE Aojo nHEHE A BRE thegsiH, Azt
AR mEt dE dux 2 dHAHd vAE dFS I
A 28td 4 Ak AR AR F PMV (predicted mean
vote)= Aol Lle 297 FAHHOE AE3E A
B2 AR EAHE AAse F8 WG| Th(Fanger,
1970). PMVE AUW2E, dUFE, 7IFEE, BT 5AL
=9l 2o ARG Qo= &5 F(metabolic rate, MET)
2 &0 F(clothing insulation, CLO)¥} 72 7Q¥s% &
7 12 P THASHRAE standard 55, 2020). PMV 7]4dke] 2
W g8 Aol Al APAe] dAHFo] FEEE AL
A3 AFE oy FHHJUT Jang & Suh(2013)= Al
EoldE T3 AFA §E9 AEA =70 Ao
o Blg] PMV 7]8F Aoj7} AAWEE Yol ExHE Bl &
o] &A YEhdS AT =3, Wu et al(2020)2
PMV 7|dte] Alo] Al 25 7|t ARt g% A
AHEFE 1.6% AT & S FATh
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THASHRAE standard 55, 2020). %]
(thermal mannequin)< °]&3AY &
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(Konarska et al., 2007). 3}x| 9+ o] =gk
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Fo o] AFdtE FFHAA BE ©
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S TH(Sung & Hsiao, 2020; Wu et al., 2020). ¥2]9] 2}o]
F GRtdo g A-E VFOE FESIH AF JE
0.5 clo, A& 71¥ 1.0 clo® #S YA (Lu, Hameen
& Aziz, 2018; ASHRAE standard 55, 2020). L& 42l
e AR AA FFS BFetA ZstrE AA A
Az dAFHAE Aolrl TS 2357 EAHT A
< e F Utk

webA, AA FAAA QLA NG glol HH o
AHAR o7 2o7FS 4FE3Hr] 9% ol a7EHI )
ow, AR AN HF FAHES A% I AT
7} 3= 1 th(Karyono et al, 2020; Lee et al, 2020).
AN ZoJFgF FAHE 984 FE thermal image EE
RGB image®} Zo] oA E &&3t= HE HHol A&
= At (Miura et al., 2020; Liu, Foged & Moeslund, 2022;
Choi et al.,, 2022b). Thermal imageE &3 & 4= W
Z Lee et al.(2016)7 Lee et al(2020)& 2914 7}u| 2}
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s B 57MA o ExFeo| Aos AAoE 4
11, AL A& PMV AAAE FHIIAT. =T
Choi et al(2022b)2 AAJNAE 3] FH5 44T
(convolution neural network, CNN) 7|¥t @ 4*g] 7|HS

)

o
lo

=
b ¢
£

X X
i
_{\rlm
c)
fo
2

I
E o
o it

o

4 rlo T a2

o

il

o

i
ol

Abgatglom, Ao 32712 o Ex3te] HelF 4b=Eo] vt

53 AHE 2o mde swatgrt. £, o B3} A
glo] AALEE £33 7]= PMV Alojo] HlE AAZH
oz Ho|F P& ‘?}"é‘ﬁ}oﬂl 2ExAE & PMV Aoiv}

U It
Qe ol @rEe T2 vl AUAE doR
Folge AUt v AAGE o 2HelFe
Z23= e 19 FAA M ALd & k. A
Pr 14 8 ol gAAMT e BEY g4t AFE
*1 “Zﬂﬁﬂ PMV Z]Rke] A Aol 3
= 0T AdAE ddeR AN FHoF
= t%ﬂ% el dasit. dE 50 & Ao, A
T THE At Ve g2 AzEs ASY

T, 88 7o e AdAE dEmste AT AR
T odnd AR AR BE Ao7E Ths st

A 20 AZ GFHA B A28 o

ATk O walA Ee] Fole

o
XN
jgmlﬁ
gg_
_I_4

[e]
Z3te AR PHS AAE T azﬂ 31V“o"ﬂ"i«l €
5 S

4237 AL F7HQ BAY Basith B A4
Ark EASE BRAAE AW olnAdA BE

% 23 HT ALY Un Q4w 14T 4 A
L OE AN BN BAR B gyl w7
om shebals] olelm, A HolFE FHAA F
Aol BA7} 9l

webd, Alelel 3 g oS EEe A F4st
) HAAE B A WA AL WA FASE @
A7 Frhslolo} @ok webAl, BF A Bl 2 43

71 93 A BA md W oE R mads B
zZhog e ZEAAE Table 13 o] AASATH A
kel ZHolgF 4tE ZZ M= Step 1) Person detecting™}
Step 2) CLO estimation BAIE AA HIFTHo=Z 7719
CLOE =&3%t}

Step 1 o|H|A oA BE AHAE MNEHOR 7HA| 3
I ZAAE AT Z™d A A E 2y (bounding box, B-box) ©]
n X E FE3} Step 25 TAE AR B-box ©]u] Ao
] &S A 2 ERSt HFHoE ERE IES

Egz Aol Yx e BEIE FRsn

o N it

ul

o
it
Ir

Al

oy

258 Journal of the Architectural Institute of Korea Vol.39 No.2 (Serial No.412) February 2023



Hoje 4ERT. wAME Hed 2Ue A 4E
B 22504 A4 AR,

AR Folg 4F TEAXE Swp 1994 AR A
9 T MRS AAGOEA Swp 2014 HO|F BE
wdo o3} WHES BAEAD F Ytk AF Fol, o
B3 AR BA EE Auel 2AsHE 9% F Aol
HoatA) ge o%e] A 1WA WG F YRE

AAR S HF HolF) IFE PINA @A Dok v
A, AR HE PR HAF 4E JHEES FYAY
B ohe BF Qdel AFsE BANA AUA
A8 Helge] @ Ju ASol sbss) AA AF
&40l S ¥ £ i

rjgr

93113}.

Table 1. CLO estimation process for multi-occupants

Step Process Model

Step 1 | Person detection | YOLOvVS model

Step 2 | CLO estimation | R-CLO model (Choi et al., 2022b)

22 A4 HeE =l AL

AA HAE Zde AACE AES AR H BEF3)
H, 292 CNN 7|§te] 27} BHEEHE PR o|v|X
9} & 2D dHojH | Heol| E3txo Uk AA A=
292 Fast R-CNN (Girshick, 2015), Faster R-CNN (Ren
et al, 2015), YOLO (Redmon et al, 2015), SSD (Liu et
al.,, 2015), RetinaNet (Lin et al., 2017) & THalA A A S
o] $tow I F YOLOE= Eﬂ] AES 433+ region
EF3l= classifications B Aol 433}
g =9°
<

P53t

proposal¥} EA &
© =dolth ol WHow AMA HE &
H, AL A8 Thed AARE AA A
Al A

2 AFodME LA oF ARE eSS H8 wmE
HolE Xg £E& HolE YOLOvS (Jocher et al., 2020)
718 2l 722 AR dd R oF A
A ZAolg k& ZEA~ ZF GAlo] AEENoH, TA
B Zolshsg ST Mol 7E Bl A=

tmage input

Figure 1. Conceptual diagram of R-CLO model based on YOLOV5
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Table 2. The classifiable types of garment

Types Garments

Top SS shirt, LS shirt, T shirt, LS sweatshirt, LS sweater

Bottom |Walking shorts, Trousers, KL skirt, AL skirt, Sweat pants

Outer Suit jacket

Dress LS shirt dress, SS shirt dress

Pajama  |Pajama trousers, LS pajama shirt, SS pajama shirt

% SS: short-sleeve, LS: long-sleeve, KL; knee-length, AL: ankle-length

A FHZHol| YA customizingdte
E AEx o] 7hesttt Step
é < FFA7I7] A8l

zd 29 I HE o % HolgFE F3
5t Step 2& YOLOvS«] %L Z5 &8s 95 HolH
EE AEA &3¢ R-CLO E_%I(Park et al. 2022; Choi
et al, 2022b)& AESHATE R-CLO E29 JdE+
Figure 13} Zom, md O]Ulﬂoﬂﬁ o Ee] X E F
g EFfgt. RCLO 2E2&

29} 2t} Agtd mde S
< ERsta ERE o5 FEE EdE A}ao] A
= O dExHe FHgHFE =T 5 ue A
< 7H4.

AR, 7]E R-CLO 2 99 LAt A8

A $7 oWAE AEHAOM, ol Swp 194 E

£ A B-box olWAsh Atolzk itk webd, Ak
4§37 9lalA RCLO Ao 7]
A Bbox olMAR WAHF G &

ZRN e BRES
B REE
RS

23 Bd FHdolH

ZEA 2 GAE 2d S5s s JdEd # A4
PAA AR olmAE FHIAT. Step 1| ZH ]
%, g<5S 93l Figure 2 ()9} 2ol 103 W Aol
Fale JFBAAA olH A HolHE FH3I oM,
gt AA F 2 Al IS B85 HSESIAT B
do] Hojgg H st mdo He HUE 3 4F
Aol mdS 3 Gt A L5ho XH*EI e A s
A5k s 2 Hrbe] AHEE dlolEle & 589670
o™, k& Al A AZIthe] olm AT AE-sA T

Step 22| 7-F R-CLO P& Ho|F 4E LA 20
A g37] 8] A B-box ©|F|AE Ho|EHS 93 T
oJHAEE FA%AT HelHAEE AU AP
A HEIP e, F 70687001t o& FHE R-CLOYE
PR F As 167H(Table NE FAHY, AP HAA FH
5% e 16714 o8-S &8&3 EZF 6ME YL
2183 A et

O N N oo

F

24 3597t 43

Sted Bl 7te ReFg e =
B7rstz] slel e Ad A od 4
th. AL Figure 2 (b))} 2ol <5l A}%Hﬂ we A
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(b) Experiment setting for performance assessment (Test-bed)
Figure 2. Experimental configuration

Table 3. Clothing ensemble cases

Case Ensemble CLO (L)
1 T shirt, Walking shorts 0.38 clo
2 SS shirt, Walking shorts 0.50 clo
3 LS sweat shirt, Sweat pants 0.60 clo
4 LS pajama top, Pajama trousers 0.63 clo
5 LS shirt, Trousers 0.69 clo
6 LS sweater, Trousers 0.71 clo

%% Basic clothing: underwear, socks, sneakers
2& F787 9 Test-bedoll A st on, AdAd &
ol & WAsIY APSFAUTH Test-bedIAE 1, 2, 3
oo AaRe 27k =45t th A HAE Table 37
Zo] 49 670 (T shirt, Short-sleeve shirt, Long-sleeve

shirt,  Long-sleeve  sweatshirt, = Long-sleeve
Long-sleeve pajama top)2} 3]  47l(Walking shorts,
Trousers, Sweat pants, Pajama trousers)S A3 0.38~0.71
clo®] 67FA o Ex3E st APS FPstATh

Test-bedoll THH=Z HAH 4te] shvet AAE 3l
1520 1WA F 1,935709] olvAE FH3tATh o,
Abge] thkel AAMA RI2ES T FAE7] Y3
A A= FH(sleeping), 71t 7](reclining), 2F7](seating),
8] (cooking), A Zx(cleaning), HFZU(typing, filing,
writing) 3 Z7](walking) 5 AuWjolA LA 713 P
S AT B @A &5 AEE AA F
HOALE o3 AdAe] YFo] JlEAe IS HL
3}ste] 18 = AT

sweater,

in]

| St

3. CLO &tF ZE2MA CEHAE 2

Il
ok
o>

3.1 AR A 29 &4 (Step 1)

AR A 2de v zH YOLOvS B F7hx o
2 gF3EA ovAE o] FTFsATh 7 w=ExR
YOLOv5S B2 &7 7bsd A Ade 2dsinz
AMEE A4 A deole dR-E Friste] 300
epoch 85& FASAT Test datadl] s &5 AHAE
AU E(precision) L A HE(recal)?] ZFHHT #Ad Fl
score® H7IE A9, classol st A =7F 078 =l
Al Fl score= 0.98< YERY 1.09] 77t A= H2
TAE BAT

std 2do 4439 A%S gedsty] fa 3=

Figure 3. Examples of person detection results

dlolg & shgoll AREekAl &2 194 tl°]§(0:00~23:59
BE Tl AdA A P FUHE HUbst 7
g A F dE T AAE AR FE BT g9 A
A A JLE AE3AT 3F < SAHE AR
tole e AA}H mdo NEHE vuste AE
mean absolute error (MAE)®} root mean square error
(RMSE)Z ¥zl 43tk MAEE= Equation (1)3 2©]
golslol oate] Ard 27E ABHOE WEFE A
#o]|H, RMSEE Equation (2)9} #Zo] 4&xH &= AZZ &
ztoll 7bEAE Foste 2l AULE Yepdth T
AE BT 0ol /MM, E 2l AUF B4 AL 9

o gt

o

1)~
MAE= 37 |y~ v, (1)
i=1

RMSE= 4| Z]l (v; — v.) @)

where mn: the number of data point (i), y: estimated

SR

value of model for data point (i) and g} actual value for
data point (i)

mdo] A AW A& A, AA 7|z uishd
MAEE 0.2762, RMSEE 0.5749% UEytH Fo 93&
AHEH, ol A7} AAE u ¢ o Z Aol HX|=
el A 1~2920 W] eyt FE WA AR el
Dok =38 G5 A AL 8:00~21:11F A A
o, A Azt el 22+ MAE 0.2608, RMSE 0.3933.2
2 AA 713 &k wlE] ZFAaTE & 7 AT ol 7]
E FAEE AFA A QAdY o= =@ (Choi et al,
2022¢c)9] A} HnPe W, B AT ZE MAE ¥
RMSEZ} BF O @A vehyt vlusd Ag3 Adx 2

A7k Asd AL & 5 Atk

32 95 A 2 EF 29 35 (Step 2)
Step 29] R-CLO 492 7|& 16714 o £/ 4%
FAAI717] Y8 271 2P (Choi et al., 2022b)2 7]HkO

olul x|} o] &H-& 283 ALE(B-box FE]) ©]v|A| 7,06871
7F AHEER O, ZF 300 epoch 5ol FAEHUAT s
H 2de dolEd AAFEHA @3 7Ax P £/ 3
= B 0ol 7HA FEsA
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03
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& ZRA29 5 WIS A, 24804 AP
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LA :?%74011 g b e FAAstng s

[0 accuracy —® F1 score
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- Actual Detected
100 1 445 407 99.1% 1 1.00
2 952 900 .
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— - +0.98
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< -7 097 2
2 4096 g
E (2}
3 [
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<
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T
2 3
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Figure 4. Performance of person detection model
Examy
Good Error

Over detecting errorg

Figure 5. Examples of person detection results
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95%2] A&} 0972 Fl score #< UERATH =3 <l

"7]— 57]-5]'01] we} QAR A HE =2} Fl score &
£ 235 Holn, Y WHA AR E=
7t %%‘F% 7:-]'7‘] A2 9 Fold F JsS YETH

Figure 5= A4 < —roﬂ e A 2] AE YE

l

o F8 A2 ZH@X]‘ a7t Fddoz e 19l 2
014 A SR NME AT dFol= A A xet
= missing error’} == 1= ATt SEA|RE 390 A A

G A= missing errores WERA] ka1, 238 FEo
HhabE Abghe] ZA7ER] 7R A FHE over detecting
error/} YEFSTE

Step 2014 & ZAE ALFo|w| A& dHdo}l AE o F
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Figure 6. CLO estimation accuracy

Wshort sleeve

Figure 7. Garments classification examples
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