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Development an Image Recognition-based Clothing Estimation Model for Comfortable

Building Thermal Controls
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Abstract

The purpose of this study is to develop an intelligent model that can estimate the clothing insulation (CLO) of occupants using real-time

images. Also, performance and applicability of the model to the actual environment were analyzed through the experiment. A total of 16

individual garments and 9 clothing ensembles were set for the model development. The model was developed using the YOLOvVS5 network

and trained on the collected clothing data. The classification performance of the developed model was denoted as 86.7% on average. The

applicability of the model was evaluated using the real-time images of the subjects in the test-bed. As a result, the insulation value of the
clothing ensembles can be accurately estimated with the MAE of 0.01 clo. This study confirmed the outstanding performance of the CLO
estimation model and its high applicability to the actual indoor environment. Therefore, employing the CLO estimation model can contribute

to improvement of occupant’s thermal comfort, and it is expected to be applied to various systems capable of PMV-based control.
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Table 1. Preliminary research on calculating the clothing

Authors

Contents

Carvalho et. al.,
2013

*Development of a multiple linear regression
model that calculates the clothing insulation
using the maximum outdoor temperature of
the day and the average outdoor
temperature of the previous day as main
independent variables

Schiavon & Lee,
2012; Lee, 2014

+Using 6,333 data from ASHRAE RP-884 and
-921, developed two linear regression models
for predicting the clothing insulation with
outdoor temperature (R=0.45) and operating
temperature (R=0.3), which are variables that
affect the clothing insulation.

Ngarambe, 2019

*Development of a deep learning-based
clothing insulation prediction model by
collecting  variables such as  outdoor
temperature, dew point, gender, season, and
means of transportation through a survey.

Lee  et. al,
2016; Choi et.
al, 2020

*Developed a model that -calculates the
clothing insulation by measuring the
temperature of the occupant's forehead and
clothing surface through an infrared camera.
Conducting experiments on winter clothing.
*Reverse  calculation of the clothing
insulation through the sensible heat loss
calculation formula of the Thermoregulation
Model

Lee et. al, 2016

*By measuring the surface temperature of
exposed skin and clothing such as forehead,
chest, and legs through an infrared camera,
it calculates the clothing insulation three
types of clothing representing winter,
spring/autumn, and summer.

Lee, 2017

*A thermocouple is attached to measure the
skin and clothing surface temperature, and
the clothing insulation is estimated by
calculating the body heat loss and clothing
thermal resistance.

Dziedzic, Yan &
Novakovic, 2018

*Development of  new measurement
techniques to quantify the coefficient of
clothing quantity wusing depth and color
recording cameras.

It is a method of recognizing clothes
through the experimenter's motion detection
and surface color classification and shows
the possibility of using it as a major factor
in calculating the clothing insulation.

Matsumoto,Yun
& Kim 2011;
Dziedzic, Yan
&  Novakovic
2018

*A method of estimating the clothing
insulation from clothing images through a
camera is presented.

*Through machine leamning techniques such
as HOG algorithm and multi-class SVM
model, clothes are detected and the clothes
weight is calculated by estimating the upper
and lower weights of clothes.
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Table 2. Individual garments and insulation values

Category Garment 1, (clo)
short sleeve shirt 0.24
long sleeve shirt 0.33
Top T-shirt 0.10
long sleeve sweater 0.36
long sleeve sweatshirt 0.16
trousers (straight, loose) 0.22
knee length skirt 0.14
Bottom ankle length skirt 0.23
walking shorts 0.08
sweat pants 0.28
Outer suit jacket 0.36
short sleeve shirt dress 0.29
Dress
long sleeve shirt dress 0.35
long sleeve pajama top 0.31
Pajamas long sleeve pajama trousers 0.17
short sleeve pajamas 0.25
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A2 o8 o]u R = Figure 3.(a)2} 2] AFA
F e SH 9F 175 m =olo AX]¥ Raspberry Pi 7]
Hk 7hd gk AlA(RPI SMP CAMERA BOARD) 2t)& 53
10Z0] 3 WA SR =AY Figure 3.(b)E FHE oln]A
YEE HAFH on A& Ao AAZE AFHo 29
F4kE mdo) g E.

start

)
Collecting indoor images
I CLO estimation model

.

Detecting and classification of clothing
occupant wears from the image

Selection of the representative clothing
ensemble from the classified garments

]

Calculating the clothing insulation (/)
for the clothing

“ Camera sen|

(b) Examples of the Test-bed image data
Figure 3. Test-bed laboratory and collected images

Ade 9% 5= Table 29 7/ 2] E(garment)
ZF 117FA e o8l d-ske] 23S WA 3ske] Table 33 2
o] F /AR FAHET JEZF() I HejHFe
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(MCCLLOUGH, JONES & TAMURA 1989; LOTENS &
HAVENITH 1995)°l ¢J3} 4% < It} Equation 12
AA ol Bz ZoTH IS MEES TL(,) Tl
TtEAE Folste] A4S o2 Tt o Bz o
3 Zo|FgE 4T 4 T Table 39 B =3 FF
O F 42004 clo), TE FT0.02 clo), &F3H0.02 clo)
£ 712A] Feo] dEE 7138k El (038 clo) ~ E9
(0.99 clo)®] MAE 7HA=%F A3t

I,=0.161+0.8353,1,, (1

AL F 5w ALIAE WFeE Fden 20th
A FHCEA 31, oA 2m)E s 9 9dd
2 V1o dds Asiion AP Tl ok
AAE AT sthtel ExTT AL AE 108
o7 AAstglon uxd T E29 E49 A dvj
Avks Egstug oA AdPA= F 0%, HA VA3
A F 708 AP FYIT A S olMAE ¥
Zrol M 102 Aoz FHso] 3 AdPA] sl 10%
S 120, AA A @Al s F 4,833749] o|v A&
FHRsA Aok " QA ojm Ao s me] Ad
o B(garment) &7 ALEE 248, 108 T4 thx
o] E-Z3l(ensemble)oll TS 2ol 4t&o] HA3] o] FofF
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Table 3. Clothing ensembles and insulation values

E bles| T Garment Ensemble
nsemoles| Lypes insulation (/) |insulation ()

walking shorts 0.08

El T-shirt 0.10 0.38

E2 short sleeve shirt dress 0.29 0.45
walking shorts 0.08

E3 short sleeve shirt 0.24 0-50
knee length skirt 0.14

E4 short sleeve shirt 0.24 0.53

Es short sleeve pa'Jama tops |0.25 058
long sleeve pajama trousers|0.17
sweat pants 0.28

E6 long sleeve sweatshirt 0.16 0.60
trousers (Straight, loose) 0.22

E7 short sleeve shirt 0.24 0.61
trousers (Straight, loose) 0.22

E8 long sleeve shirt 0.33 0.69
trousers (Straight, loose) 0.22

E9 long sleeve shirt 0.33 0.99
suit jacket 0.36
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suit jacket 0.98%

vest 0.953
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— long sleeve pajama trousers 0,974

= all classes 0.962 mAPE0.5
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|

0.0 T T v T i
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Figure 4. PR curve of the trained model

Figure 5. validation results
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Figure 7. Classification accuracy by clothing type

(b) Error by similar clothing

Figure 9. Classification error in the model
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