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(19 2.21) ojuj#] AL E3F

pud
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(¥ 2.22) olv] A #H-ubd 2 3d Wy

(29 223) olv A =AYD =4 T

= = = o 1
O Rde] gFe] dasgt =4 oy, a3 9 A5t dugss A4sta 314
tolg e 80%%E stiol AF&(Train data)stil UWw A 20%E ghsd 2o 7fol

AL-&-H(Test data)

O 52 ¢ K-fold Cross Validation #HZ "
A% dolE(Valid data)® AF&8toZHA HolEHE

S5 AR (2" 229

O MET At& =Ede] gojo] 43 depvel HdA 55 Pythons A&
TA39 2™ Google Brain Teamo] 7l#st FXAA S EZAA AZTE Q]

g4 Z 2 (TensorFlow) S AM8-3 (19 2.2572.26)
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O DNN =" g5 A3 355 doE(Train data)®] olF =& 100%= 538 o] v A
= 58 olu Ao skl A A Ae] MET shzo] haE oy <5 dlolgd X3t
HA g2 1S58 dolE(Valid data)el tigt H7F A& E= Train data Hrh S
vebd (2" 2.27)

O 7iId MET o= =2de s A3 H7HE do]El(Test data)®] MET #t A=
A+ FHo 83.64%= YEY

O AAE 10719 &5l sl 7+ & MET ol digd &7/ HeS o 27719
s H7F AFESA ROC ARE &3 Z3y MET 1.2('standing.relaxed’,
‘filing.seated’) ¢} 1.7(‘walking about’)-- 7AHB 2] ozl WA AUC (Area Under

PANS

=

the Curve)”} 0.8°] 1L

U A= 095 e, oju, AUC 0.8 ©%

0.9

ode sty wery (E

2.10)

O 1o

=]
RN

T

Train data set Test data set
(80 %) (20 %)
Fold1
(Valid) Fald 2 Fold3 Fold4 Fold 5
Fold 2
Fold 1 (Valid) Fold 3 Fold4 Fold 3
Fold 1 Fold 2 Fold3 Fold 4 Fdds
(Valid)
Fold 4
Fold1 Fold 2 Fold3 £ Fold 5
(Valid)
Fold 5
Fold1 Fald2 Fold3 Fold4 (Valid)
(19 2.24) K-fold Cross Validation?] %3S dlo]g &/

ol ¥z,

#ojof2l 74 48

def fc(data, num_in, num out, name=None, relu=True, bn=True, is_train=None):
with tf.variable scope(name) as scope:
weights
biases = tf.get variable('biases', [num out], trainable=True)
output = tf.nn.xw plus b(data, weights, biases, name=scope.name)
if bn : output = batch_norm(output, is_ train)
if relu : output = tf.nn.relu(output)

return output

tf.get variable('weights', shape=[num in, num out], trainable=True)

24% 9 g4 47
self.fcl = fc(self.X, 28, HN1, name="fcl', relu=True, bn=True, is_train=self.is train)
self.fcl = tf.nn.dropout(self.fcl, self.keep prob)
self.fc2 = fc(self.fcl,HN1,HN2, name='fc2', relu=True, bn=True, is_train=self.is_train)
self.fc2 = tf.nn.dropout(self.fc2, self.keep prob)
self.fc3 = fc(self.fc2,HN2,HN3, name='fc3', relu=True, bn=True, is_train=self.is_train)
self.fec3 = tf.nn.dropout(self.fc3, self.keep_prob)
self.fcq4 = fc(self.fc3,HN3, HN4, name='fc4', relu=True, bn=True, is_train=self.is_train)
self.fcq4 = tf.nn.dropout(self.fc4, self.keep_prob)
self.fc5 = fc(self.fc4,HN4,10, name="fc5", relu=True, bn=True, is_train=self.is_train)
self.fc5 = tf.nn.dropout(self.fc5, self.keep prob)
self.logit = fc(self.fcé, 10, self.output_shape, name='logits', relu=False, bn=False)
self.hypothesis=tf.nn.softmax(self.logit)

(29 225 Pythons AF&3 2d Gt 9
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U= o 8 oefo 473

def batch norm(data, is_train, is_trainable=True, name=None):
return tf.layers.batch normalization(data, training=is train,
trainable=is trainable, name=name)

with tf.variable scope('input', reuse=True):
self.X = tf.placeholder(tf.float32, self.input_shape)
self.Y = tf.placeholder(tf.int32, [None, 1])
self .keep prob = tf.placeholder(tf.float32)

oAfe 9 HYs 2aaE 4%

cost=tf.reduce mean(tf.nn.softmax cross entropy with logits(logits = net.logit,
labels= net.Y one hot))
optimizer = tf.train.AdamOptimizer(learning rate=le-4)

(9 2.26) Pythons AH&3H =9 setvle ¢

Train Accuracy

1.0
> 0.8
—Casel-1 g —Casel-1
Case2-1 9 0.6 Case2-1
— Case3- < _ )
.......Cmi_l = 04 Case3-1
gms-} E """" Cased—-1
a e —~Case5-1
0.0
k 2% % 4& sk 6 Tk 8k Ik 2% 3 4k Sk 6k Tk 8k
= Step

(19 227) MET 9|2 249 Train data®t Valid data® Accuracy ¥ 3}&

¥ 210 MET o= =< 7} MET % ¥ ROC #AX #H7}

MET # ¥ ROC AE ¥ AUC
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08 o5 //"
06 06 ’/’/
g £
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02 02 ///
AUC : 0.904
00 00 += . v . .
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MET = 0.7 ROC curve MET = 0.8 ROC curve
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08 ,/'/
06 /"/
£
04 e
02 /"/
AUC : 0.909 AUC : 0.948
0000 02 04 06 08 10 DODO 02 04 06 08 10
FPR FPR
MET = 1.0 ROC curve MET = 1.1 ROC curve
10 ~ 10 =
08 /"/ 08 ,/’/
06 ,”/ 06 /"/
£ £
04 ,/” 04 e
02 /”/ 02 /”/
AUC : 0.849 AUC : 0.900
A 5 PP e Y3 . 2000 02 04 06 08 10
EPR FPR
MET = 1.2 ROC curve MET = 14 ROC curve
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TPR
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§ AUC : 0.891
00

00 02 04 06 08 10
FPR

MET = 1.7 ROC curve

(4)

A8A A4 MET o2 A% H7}

1) &% 2de PMV 4= s H7t

O &3 MET 4t& AIMEENA HEH ovAE AREste] Joint 914 &3 MET o3
2as A 3 2do /MY F Mock-up AH4AAA PMV A& 53 7tE 43

O AAl PMV 4t= Al a3 67HA 84 =%, §%, 7|F&5E, FdEA=, MET,
CLO= EF Wz 724 F4°] E7Fs3dd MET, CLO= 2 44 @go=
AH-&-3

O A% & A9 MET 4t& 2 /IS &3 7|& 4= 483d METE ¥+=
A8 skl 3 CLOE 4 1028 A48 stloem METAHE¥ AR WAow
Hre A Jbsetes 37 A7 2.3t

O k¥ Deep Neural Network 7|¥Fo =z  AujoA WSt £ Je F5S
FAAA (Home) & 414 (Office) 2 st PMV A& AsR7EE 3 E. olw
A A #AA HS WelA rRgste] HARE (2= 1 22T, F% ¢ 50%,
HtBALZE @ 22T, 7545 © 0m/s)

O PMV A5 H7IE 98 Aul &% on A= 6xe & HA 1A 52t F 7208
T8 PMV A& A MET= F 7FA 9] ez A& 1) 24 MET, 2) 7/i2s
2o 2FEE MET(:E 2.1172.12)

O oldj, 5 7k#] Wl Wste] ASHRAES] METE 283 A PMVe HluE F3f
A5 B7HE A%

O FAAAS A5 ‘sleeping’, ‘reclining’, ‘seated.quiet’, ‘standing.relaxed & 47}%] 2] 24
d5S Estela JHFAAALS ‘seated.quiet’, ‘standing.relaxed’, ‘typing’ &= 37}A] 9]
Al d5s 23

i 211 PMV %5 H7F A FAAH (Home)l MET # #-& "W

Homs % | 1) 34 MET % | 2 MET d% =4 ASHRAE A%

sleeping sleeping (0.7) » sleeping (0.7)
sestedaur | “Celedaier 10 ; s (00
standing.relaxed * standing.relaxed (1.2)

3 212 PMV 35 @7t Al A1 (Office)] MET @ 218

Office BH 1) 24 MET % | 2 MET 9% 21 ASHRAE A%
seated.quiet seated.quiet (1.0) o seated.quiet (1.0)

standing.relaxed typing (1.1) . standing.relaxed (1.2)

typing . typing (1.1)
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7h FA A4 (Home) 371 A2}

O Pk FAAH(Home) 4§ MET el% 2l AHgshe] PMVE 4&89¢ o ng9
2.2

©)

£ A PMV(ASHRAE)SF A 5 7« el PMV ztolql Qake] s+t H]

METE AF&3 291t A9 PMV(ASHRAE)S dxste 3147 2& (:L%. 372.31)
2714 wree] tis] 1A1ZF Fote] Hyr PMVE AAbst A3 1A T 33 22
seated.quietE A 9dtal MET o= R4S A48 497 49 PM V(ASHRAE)Q} &

FA48 7] dEbd (2 2.32)

A3, MET d= 2dS H83 49 seatedquietE: A3 ZE 5 AY
PMVete] ab7F @A 8] vhg (717 2.33)

%, 7 B PMV o3 AHEE 7]F) Agsd 149 MET @2 488 350
S Z

99.8%, 95.9% &7+d (& 2.13)
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PMV

Seated.quiet

— Fixed (1.0) —MET 0| 2% - - ASHRAE
HE PMV:-0.33
0 5 10 15 20 25 30 35 40 45 50 55 60
(19 230) FAANA = ‘seated.quiet’ ©|"] A ¢ PMV A= Az
Standing.relaxed
— Fixed (1.0) —MET 0| 22 ASHRAE
HeE PMv: 037
I S I8 L R At
0 5 10 15 20 25 30 35 40 45 50 55 60
(19 231) FAAA = ‘standing.relaxed’ o141 A ¢ PMV 4% 23}
3
B Fixed (1.0)
2 BMET 0| & 22
BASHRAE
1
0.34 0.37
| | )
-0.33 -0.33-0.33-0.33
-1
-1.45-1.
P 1.45-1.46
-2.28-2.28
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FAAY dyEs
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i
=

1.8 eMET O Z2E Error
15 EFixed Error
g 1.2
=
E 0.9
e 0.700
0.6
0.3
i 0 0.002 0 0 0.028
. sleeping reclining seated.quiet standing.relaxed
FHANR AUZS
(1% 233) FAAA o digt + 7FA WHe PMV A& 4 vl
¥ 213 PMV & A5 #H7)

Home CA | 33 MET % A€ ©% | MET o2 29 A& 24 | 4% 34 (%)
sleeping 1.943 0.000 100.00
reclining 1.123 0.002 99.87

seated.quiet 0.000 0.000 0.00

standing.relaxed 0.700 0.028 95.96

) Q5214 (Office) H7F A3

O YFAA(Office)e] dF ‘typingS Astar MET o= 293 AMESAS w 4%
METE AF&-3F 491t A PMV(ASHRAE)S A= 31471 23 (29 2.3472.36)

O 27FA Wol dis] 1A% F<te] H PMVE Al4ket A3, 114 MET #3 22
typing= Al¢lstil MET <& RdS AREE 497 4" PMV(ASHRAE)® T
FrAFsHAl YEbE (L'l 2.37)

O £, 4% PMV(ASHRAE)$He] ©2} #it Hlal A3}, MET o5 2dS #8438 4§
AA] typingS AL HE S5 A PMVeY o7 dA3 vra (19 2.38)

O 7 &%° PMV 4% A=+ MET 4F 2dS A& Uﬂ, typing ¢l 4%
A7 ARMA R seated.quiet, standing.relxed %529 PMV o= A3 e+= 14 S
g3k ol vldl] ZhzF 100%, 83.88% dH (E 2.14)

3

Seated.quiet

2 — Fixed (1.1) —METOZ 2% ASHRAE

1
B | 0
o

-1

-2

- 0 5 10 15 20 25 30 35 40 45 50 55 60

(1Y 234) dFA14 F ‘seated.quiet’ °]"] A2 PMV At& A3}



PMV

PMV

PMV

2
— Fixed (1.1) —MET 0= 2% ASHRAE
1
e PMV: 037
0_._Ilr._._v. u_ _______ H _____ '_.__H_ _____ _
0.055
-1
-2
-3
0 5 10 15 25 30 35 40 45 50 55 60
=
(198 235 GFAA = ‘seated.quiet’ ©]v] A ¢ PMV At 43}
3
Typing
2
— Fixed (1.1] —METO|= 2 --- ASHRAE
1
B PMV : 0.055 |
0 o — . S— . S—
d_l [ -0.33
-1.46
-1
-2
-3
0 5 10 15 25 30 35 40 45 50 55 60
_='l_
(19 2.36) dHFAA = ‘typing’ °|H] X ¢ PMV 4+ 23}
3
B Fixed (1.1)
2 BeMET S =4
O ASHRAE
1
0.06 0.06 0.06
B — — [
i : |_| -0.02
-0.33 -0.33
-1
2
3
seated.quiet standing.relaxed typing

Standing.relaxed

(¥ 2.37) 51429
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1.0
0.9
BMET HE 22 Error
0.8 B Fixed Error
0.7
:’3‘ 0.6
g 0.5
= 0.388
.04 0.312
0.3
0.2
0.1 0.050 0-079
- 0.000 . - 0.000
seated.quiet standing.relaxed typing
HFEAID ALUEE
(19 2.38) 521 & dig F 7HA] e PMV A& o4k vl
¥ 214 PMV 2= Ae #H7}
Offios 24 34 MET % A% 2% | MET % 29 A8 2% | 4% ¥ (%)
seated.quiet 0.388 0.000 100.00
standing.relaxed 0.312 0.050 83.88
typing 0.000 0.079 -100.00
2) PMV 4t= <agls A&
O /gy & MET o= 29SS 1089 Ao 7|7F s A2 METE 5% @9z
=3 ¥ METS AW kS ALE3e] PMV A83F= PMV A= dugE 58 7
O 1AIZF &t F 6W Al 717H10) el slEFst= MET #& PMV &g +S 23
HARg o2 AEsidlon, FAAA 2 ‘yping's AT JFAAE BT T[S0l
AFSstE 14 MET #(Fixed)9 A& Hup ox7F 7H4ASH (29 2.3972.45)
O PMV 4= dauglse A4S S8 1 MET & AF&std 71&9 Wi} vlas)o]
A PMV A& A w7 =4 e
O 314 METE AY #HS=Z AE3t= TAAIAEY ‘seated.quiet’et FFAA29] ‘typing' =
Aelstar F 212, 2139 MET 9= 29 98 Al Hu 27 #HAstal A5 9]
Sk E (3% 2.1572.16)

PMV
=

Sleeping

— Fixed (1.0) —PMV Y1 2|E X8 - - ASHRAE

5 10 15 20 25 30 35 40 45 50 55

=
=

(298 239) FAAA F ‘sleeping’ °lv] X ¢l PMV &¢ugl& 48 23
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Reclining
— Fixed (1.0) —MET 0f|= 22 --- ASHRAE
-0.33
HEPMV:-1.46
0 5 10 15 20 25 30 35 40 45 50 55 60
=
(29 240) F7AAA = ‘reclining’ ©]7]x¢] PMV &1d& 24 A%
Seated.quiet
— Fixed (1.0) —pMV 202 = ™2 ASHRAE
HE PMV:-0.33
0 5 10 15 20 25 30 35 40 45 50 55 60
=2
(19 241) FAAA F ‘seated.quiet’ °oJv]A]2] PMV &1z & X4 A3}
Standing.relaxed
— Fixed (1.0) —pMV L D2|S M2 ASHRAE
HEPMV:0.37
-0.33
0 5 10 15 20 25 30 35 40 45 50 55 60
=
(19 242) F+AAE F ‘standing.relaxed ©|7 X e] PMV &dud& & A3}
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Seated.quiet

— Fixed(1.1) —pMV Y¢12|EHE ASHRAE
0.055
e PMV:-0.33
0 5 10 15 20 25 30 35 40 45 50 55 60
=
(19 243) GH¥AA = ‘seated.quiet’ ©J1 A PMV &g = A& A3
Standing.relaxed
— Fixed (1.1) —pMV Y IDZ|==HE --ASHRAE
HEPMV: 037
0.055
0 5 10 15 20 25 30 35 40 45 50 55 60
i —|

(19 244) GFAA = ‘standing.relaxed’ o171 A ¢ PMV &1ugZ A& A3
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¥ 215 FAAAS PMV &1ugl& A& A A& A

Home 24| 24 MET & A8 2% | MET 6% 29 A8 o4 | 4% 34 (%)
sleeping 1.943 0.000 100.00
reclining 1.123 0.000 100.00

seated.quiet 0.000 0.000 0.00

standing.relaxed 0.700 0.000 100.00

E 216 dFA A9 PMV 1= 8 A A& As
Otfios A | 34 MET 3t A& 9% | MET o2 29 A& 03 | A% 4 (%)
seated.quiet 0.388 0.000 100.00

standing.relaxed 0.312 0.000 100.00
typing 0.000 0.1383 ~100.00

O 7]& W<l 34 MET # ARE# wlaste] 7ldel MET o3 24 AR Al PMV
o= AHw ol A} FAAEL 25%°A 100%, AFAIAAL 33.3%°A 881%=
d& Ag=rt gE (% 217)

¥ 217 MET <= 249 8 d-59 PMV o= A=
(9l %)
13 METZ A& A MET 9= 29 A& A FHE
FA A4 (Home) 25.0 100.0 75.0
5 A] A (Office) 33.3 83.1 54.8

(6) MET 4229 44 A2d9 dux 2 A5 4557}
D IEE R I R T

O EnergyPlusE ©]-&3 155 7r&e] Awk ofuE M nd 5 (17 2.46)
O AFEHY ALH 754 7% HiEd A3
O Activity Schedule2 ISO 18523-2 Residential Buildings Annex AE 7|Hto =
stglom, 7 AdiE MET#E A4 EnergyPlus InputOutput Reference®
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4217F59] Schedule 5 F7 =e wWi= Alkbe]l 7 @2 4449 PSS
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O =ujo] BE ofvE =zl dF PMV Alofw4 o] A&+

Aoy gAe] Aol o W AU AEFHS YEROY 3,4,5,10,11¥€9 A oll=
PMVAlo] 2ol Zg-o 1 w2 oUA7F dAsts o= UegS (7 2.47).
A7 A ] AS- 5,6,7,8,9,10€e] LAsIGon, AF2E Alo] WAA o B
AR ALgEFS YeElH (2™ 2.48). F, T/ ) duA] BF AFE
Aolk2] ] PMVA o] #2lo A o =] ARE-EF] TFAvh eSS
7

= .
o =
T=

N

st =
ko] 13k oluA daAans ALkt A¥, oF 10,342GWhe] 12k olvxE A7t
T AdTs AR S. ol TIEel = AA ofHECA AHEE 1xbdY
166,670GWhe} v 310 S 4% oF 6.2% #23t A UA(TH 2.49).
=7} 2ol tCO2 A7 a3 #4& AAg Ay, Az WIirg b BE
270,566 tCO2, Azt W8 7] HFitolAl 1,447,757 tCO2E #AaxAZ & Sl
Ak =7F 29 tCO2E A7 6.6% Al
=

Ao et g, ot ofshEe| A s
Foge FANCE 2500, el €02 7 dluA Qe AR & ud
g A%mel A9,

B EASe AFe wet tha Aot dEhd £ s £F 3
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B Dry bulb temperature control  ®PMV control
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(L9 250) =7kakle] tCO2 MiE a0

O AAAY HANE st d=2d vlead 10d83Fe] Hatr A& 324%E A&
A 7FA] BA Y] ZA38te] LCC #4
O Ht} 33k PMV AolE $I8] 2+ AU E, ags
2 ALdE Y99 57 Zonel® EFSIUS. A4 2FE AA4(2,0009), 71
AA(70,0009), MRT AA(45,0009), 7He 2H(6,0004), H=(90,0004),
2224 7](55,0009)E AAst] AAZE AAAFS] metabolic rate (MET) A &3t

Ao ﬂﬁ}“%.SﬂﬂQ NNE FE FAe oF 268000903, 574E]
AA AL A9 % 1,340,00099 27142071 A B 1= L.
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@ Sensitivity study for the PMV thermal comfort model and the use of wearable

Aupiuny/ainiesadway

devices biometric data for metabolic rate estimation (2016)
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@ An investigation of the suitability of Artificial Neural Networks for the prediction of

core and local skin temperatures when trained with a large and gender—balanced
database (2017)

e AFNALE AFE3e Al H(core) LE W oln}, B, B Tl $F Feo] ¥
2EZ dE3E AL BHoR AT 114

o MPLEE dolHE GTAM FFIA wEH AP Kol P oo 4PHQ
=4< B9 £9%

o b AEF dF QA= E3} Frel BY 2xRolH Age] ALL oZe mgol
ArE AL WEAT 9% Lxe METe] #AE setalid X vAA %3

Prediction of core and local skin temperatures using Neural Networks

Performance examples

Recommended NN for T, Unseen Data Recommended NN for T,,,, at Location 9. Unseen Data

Predictions (°C)
Predictions °C)

34 366 358 36 362 364 366 68 37 % 27 28 29 30 3 2 » M
Summary of NNs performance ™ Targets ()

Model and R-value Tc T0 T1 T3 T5 7 9 Ti1
NNs recommended by this paper 0.870 | 0.845 | 0.866 | 0.766 | 0.875 | 0.931 | 0.896 | 0.845

Multi-linear/ Original set [Garcia-Souto & 0.48 0.64 0.53 0.68 0.51 0.76 0.79 0.64
Dabnichki 2013]
Achievedimprovement with NN respect to the

81% 32% 63% 13% 72% 23% 13% 32%

multi-linear models.

@ A distributed sensor network for measurement of human thermal comfort feelings
(2008)
o AAW AAAY 2 AHFE 2

AN PMVE 243 A7
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W) o & mdo] AFEE = A B AR Q1Y Tl AL

(D ImageNet Large-Scale Visual Recognition Challenge (ILSVRC)
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20106 8] Al#tE ILSVRCE vid def= Z3FE vl 3ol & T A=

43} oA BF GueFe P ARE £AGE AL BHoE s AU

(e} R
e ImageNet 94 dlolH = 1209H72] o]u =2} 1000702 Ze| =z o] FolA S
e LeNet(2010)& Yann LeCuneo] 7Hd}9d s FHx=2 NEsdon o%

CNN 2= @74 oln A g14dl o &

e AlexNet(2012)2 7% dHoly wo]lx~&
TES Al 45t o2d

o 7FNet(2013)2 AlexNet 2 9& oF7F Wsle] =

e GooglLeNet(2014) Convolution 5= WZHA o2 A}8-3F+= Inception J—EO 48314
71% CNN T2 H|23liA gz or 548 53 5 s 2dS AN

e ResNet(2015) +x+ U© Ze T4z 7IAA 2 u A= A9 gradient

vanishing/exploding ¥} degradation %45 & 43} ¢

28.2

25.8
152 layers

A

\

16.4

\
\

8 11.7

| 22 Iayers ‘ 19 Iayers ers |

357 I I | 8|ayers ‘ 8 layers shallow

ILSVRC'15  ILSVRC'14  ILSVRC'14  ILSVRC'13  ILSVRC'12 ILSVRC'11  ILSVRC'10
ResNet GoogleNet VGG ZFNet AlexNet

th) CHI 2018¢] HCI #oF HAl 7= 53
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Acoustic Chirps

Receiver 2,3,4

Speaker

Receiver 1

2}) ISO 18523-2 Energy Performance of Buildings - Schedule and Condition of Building,
Zone and Space Usage for Energy Calculation, Part 2 Residential Buildings =3}
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