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ABSTRACT KEYW ORD
Purpose: The purpose of this study is to investigate the prior art based on deep learning to objectively calculate %%Q’é

the metabolic rate which is the subjective factor for the PMV optimum control and to make a plan for future %Ti%kj a
research based on this study. Methods: For this purpose, the theoretical and technical review and applicability '@% .'g it

analysis were conducted through various documents and data both in domestic and foreign. Results: As a result
of the prior art research, the machine learning model of artificial neural network and deep learning has been used ~ Thermal Environment

in various fields such as speech recognition, scene recognition, and image restoration. As a representative case,
OpenCV Background Subtraction is a technique to separate backgrounds from objects or people. PASCAL VOC
and ILSVRC are surveyed as representative technologies that can recognize people, objects, and backgrounds.
Based on the results of previous researches on deep learning based on metabolic rate for occupational metabolic
rate, it was found out that basic technology applicable to occupational metabolic rate calculation technology to

Metabolic rate
Artificial Neural Network
Deep Learning
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be developed in future researches. It is considered that the study on the development of the activity quantity  Final revision received Oct 23 , 2017

calculation model with high accuracy will be done.
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Table 1. Advanced research of MET and CLO estimation

Researcher Title
. Estimation of User Activity and IoT Sensor
Lee, Hac-Jin Framework for PMV based Heating systemS)
. Movement Intention Detection of Human Body Based
Parkm Ki-Won

o Gun-Y on Electromyographic Signal Analysis Using Fuzzy
n n-Youn
Wang, BUTOUNE - Means Clustering Algorithmé)

PMV based on Air-conditioning Control System using

Lee, Ho-Ki .
Resident’s Heart Rate”
. Air-conditioning control for PMV using an indoor
Ko, Hyo-Jin . 8)
location aware system
Michael K, An investigation of the suitability of Artificial Neural

INetworks for the prediction of core and local skin
temperatures trained with a large and

Garcia-Souto

M.D.P, Dabnichki when

P lgender-balanced database”
gohammad H Sensitivity study for the PMV thermal comfort model
asan,

and the use of wearable devices biometric data for

Fadi Alsaleem, 10)

Mostafa Rafaie
Psikuta

imetabolic rate estimation

\Validation of a novel 3D scanning method for
11)

Agnes

et.al. determination of the air gap in clothing
A" novel approach for fit analysis of thermal

protective clothing using three-dimensional body

Yehu Lu et. al.
scanningw

Dynamic predictive clothing insulation models based
13)

Stefano  Schiavon,
Kwang Ho Lee |on outdoor air and indoor operative temperatures

The effects of clothing thermal resistance and
)

YanfengLiu et.al. X . 14
operative temperature on human skin temperature

A fuzzy neural network model for predicting clothing
15)

Xiaonan Luo et.al.
thermal comfort

BD quantification of microclimate volume in layered
16)

Yejin Lee et.al.
¢gjin Lee et.a clothing for the prediction of clothing insulation

Clothing as a thermal comfort moderator and the
17)

Guy R. Newsham

effect on energy consumption

Table 2. Advanced patent of MET and CLO estimation

Inventor Title
Pusan National PMV  based air-conditioner control method using
University esident's heart rate'®
. . |User oriented apparatus and method for controlling
Kongju National - .
2 temperature and humidity depends on predicted mean
University 19)
ote
. Resident's activity based air-conditioner control
Autonics Inc. 20)
method

. IApparatus and method for detecting core temperature
Hubdic Inc. L 21)
in_infrared rays thermometer

Activity measuring device of activity sensor
Method and apparatus for measuring user physical

LG Inc. 2y

SAMSUNG Inc. ... 23)
activity

)

Panasonic Inc. [Temperature Distribution Measurement Apparatus24

Apparatus and method for measuring thickness of
25)

Korea electronics

Technology Institutefskin using a image sensor
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HtEE - 22X - 0|52 - UHY - 272

Sk o7 %, dulAlo], 2115 A& #& ¥-3 o5 5 okt (Time-series data)E A =|ot= <2 AT (Recurrent Neural
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o] ouzo] sh} o]4ke] ol 2o @ PAHE AZ AAW(Deep AAt dEtte EAIE sidsh] ol deldS EYste A
Neural Network, DNN)o|t}. (Fig 1)(Fig 2) 274]2] 224o] 77 ojtt. 1 HH F2 Sl Bt et &Fof tloly Aot 1
EQ} AZ] 22 ZIIA7] Gl 3 melo] TR S| H T Al et HlolH o] ARE Wsh= 52 21l 9239 H=o] olF
2 2z2 744 g o] rE gt 27] 9ejdL 8H x|7h] H] o121 Qlrt. Ao 714 4 9] AHEst, WY oy A T, A,
A& AT BAZ AAT 20008 B Aol sbser TR EAAS R AL el W 2UEE vlE S A5
GPU (Graphics Processing Unit) 2 2H219} ®2] 71 o] W= ¢l AT 2R T olv] et Ashe Ade) A7k e

aff sl = ol

Fig.1. Multi-layer Neural Network Diagram

hidden layer 1 hidden layer 2 hidden layer 3

input layer

Fig. 2. Deep Neural Network Diagram
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3. Deep Learning 7|%t
i d 7=

A7 A7 em S AANE 2 7t
5 7les 245l diE 71& & wiA % AHe& 225hs Open
CV9] Background Subtraction &1 2|&3} AR AFE-E 9145}
= PASCAL (Pattern Analysis, Statistical Modelling and
Computational Learning) VOC (Visual Object Classes)2}
ILSVRC (Large Scale Visual Recognition Challenge)7t A=)
ot o] E v o 2 AR, ARE, Bl S A A 4 e i E
Fsol# 190 2AME 7]& 24249 e glolH
83t 20 & Adtd AR EFF 4HE Rdo] A

A 710l 48 & Aol

3] = O
gEFAAES
<]

oF A oygE

L=

N

olr

=
=

of
REES

Tl

S
A

i

rSL mﬁ

Z-\]o

i

WA S eSS 9
Fobe AT AR (AFD)
Subtraction 7| &< AHESH), o] 7

2¢jo] A1 FH G99 5

©
=

)
Foto] M AT A (AFE)& 2Rt

A ARE FdAE 22T FolE Pl OpenCVe A
A, 42, PF A4, 55, B 34 5 S8 T2 AR
3k 9lek. 19999 Gray Bradskyoll &J8fl Intelof| A A1&=] 9]0,
20008 A HA ReleaseE &AI5IAtE C++, Python, Java 5 thF

97



o] E 2] Y5 Window, Linux, OS X, Android,
ioS & HFet EAFNA AHE 7HE st

£ 4 2 oA 25 wiAT AR E $13 3
St A WA, Background
U]/K;ﬂ 7]1:1]- ]:]Hﬂ 1-17:] Hs} 01—7&]
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3.2. Object recognition 7]&

doolel g &-83t 4 715 E4] 4] A= F Edd H2
o2 PASCAL (Pattern Analysis, Statistical Modelling and
Computational Learning) VOC (Visual Object Classes)}
ILSVRC (Large Scale Visual Recognition Challenge)”7} 91tk

PASCAL VOC= AHE Q1419 Z7]o A== $E 714 & 200549
T2 Ao R 201240 TRE ARE Q1A 2E 57 A S N
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AL 73S -4 ToolS AlEdta 5719 AF
2)Detection, 3)Segmentation, 4)Action Classification, 5)Person
Layout & W}o]A ¢t 3V
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Detection 207§2] A S Zbzto]| tisf HAE o]u]z] 9]
Bounding box& o|&sh= ZAo|t}. Classificationt H|:3t HF 4] 0
2 & 712 tE 2 A 9JE]H Detection®] Classification 2 T} o -2
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& 2 olct.(Fig 4)
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i A2 &3t Detection 2o o B2 AJ7HS 4 Q5= of
2l Zhol o] ARt ojn] 2] B4 o] P Q]t 7ol 2 8HTh. ol
SE&LR 0 A& A A 9] ol Wk ti gt AFAIRE 2] 4]
o] I agk 2rgo|rt.(Fig 5)

Action ClassificationS Al thAto 2 HAE o]m|x]of|A] ]
BH Arrol sl 2 Y& FAoh=AE dl55h= Zlolth Action 2

22 Jumping, Phoning, Playing instrument, Reading, Riding

1)Classification,

bike, Running, Taking photo, using computer, walking &2 %
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1072 =5} (Fig 6)
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Fig. 6. Action Classification
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Fig. 7. Comparison of ILSVRS and PASCAL VOC

Steel drum

output

Fig. 8. Single-object localization

Image classification

Steel drum

AP: 10 1.0 1.0 1.0 AP 0.0 05 10 03

Fig. 9. Evaluation of ILSVRC task
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