=S|
=

£
F& 7l =if 2148 X A 0fAC HE

2 2

[KGBC] 10

Z3

T AR

by
a3

2023. 10. 20.

o

Jor

o|F



KGBC] 108 AEE - ey JlST 24 2 HelolMel Hg BEST
HA S A2 5 (MRT, Mean Radiant Temperature)
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Measuring methods Measuring devices  Estimating Longwave Shortwave Note
locations radiation radiation
Globe Single 0 0] Most used due to:
‘ 7 thermometer (installed) - standard diameter
T, = (/T“g + {ﬁ (Tg — Ta) - easy to calculate
- Portable
6 6 Three-dimensional  Single 0] 0] Direct measure of longwave and
Sstr = Z KiF; + p Z LiF; short- and long- (installed) shortwave radiation
= = wave radiation
0,25
(— [SSU/(SP' a)] -273,2 sensors
6 Pyrgeometer and Single 0] 0 Similar with (b)
Ssu = Y Wil Ki+a- L) pyranometer (installed)
i=1
fan = [Ssul(5,- o) —2732
Contact Multiple 0 X Need modeling
] ) thermometer (angle Less accurate duo to low
T =T Fpa+T3Fpgt . + Ty Fpn factors) measuring range
Infrared thermal Multiple 0 X Need modeling
o= g {0 - e a(Tnd - L T | imaging camera (angle Better accuracy than (d) method
factors) Correction required

TA = THFyy + T Fyy + o+ T Fpy

Difficult to apply

BEST KEIMYUNG UNIVERSITY
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Psychrometer

BSU102 =3 ?2 E 7:"
\ — —
obe-
Pyranometer 2 &

BSR153

C. Marino et al.
Journal of Building Engineering

e 9(2017) 42-51

+ HoNMZg2EZXE - RXE 2= E J0| (2| 30°C)
« A2 S0 10 2K - MERAXE FE ER (A2 2X)
« HE AU 2=ZET|p 2 AL - 2R AKXt SR

- HEXNH SZUH - 1H|E, 58 0ds

- HE MY BlE

BEST KEIMYUNG UNIVERSITY 4



Key issue about indoor sensing

Longwave
radiation

- D . L]
Air Humidity ~ * 1| rain, snow 4 N5, Indoor

el Shortwave

Wind i . i o B . .
f = | ad. radiation
Cold temperature R

. Hot temperature
Climate °

tem. Convection

|
1 Weather . Heat & cooling
| condition condition 7 system

Output
Thermal condition=Ta ?

Ta+ MRT = OT, PMYV, ...
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MRT monitoring system 7l'& H{Z : IR 27de| HE

e

ZIE )

« MAXX| E= Ezone)OICt EF2 A AX| O
9§X|EH _7|'DI Hlo o7|'

> M Xt S4 Lol
SYHSAZO
> dAFF 0=
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As-Is vs. To-Be

A =
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WSS

IR camera

e

(B2t H8 7I5)

AKX K| EE= Z(zone)OLCL 7| 7| A X| X
>0 AX| U HE 42

> XAXSM W 9IS

ZH BESA|ZEX

> AAZHEY 80|




- BEST

H . ENVIRONMENT

HE HiS - IR 2] BE
AR E MY

At Eotar ZHHI2E (IR camera)

° oEPc()I- %
- AU EH2E AJ|Y 8l angle factorE O| 83 ZutE AL A4t
o CHIFE =Ab: YALEA (Pyranometer) o
~ EAEE| DY gl ogicl o J|HE QUAF QAFRE(CHIHR AR AH|AF @C;Ttél)radlatlon
g

é Pyranometer

Solar
radiation

. 0.25
MRT (i, t) = (Z F (i, Ts(j,t)4) —273.15

A 7'\ Surface \ !
temperature !
(Ts)) Total
energy

IR camera

B B B B B B
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Shortwave and longwave MRT sensing

» A= 22 7|E Yoy SAA2E oS

[@ } Longwave radiation [ é } Shortwave radiation
jt surface Surface
/ (S]-) temperature(Tsj)

N
N / f
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ZH N

L]
L]
L]
Ll
] /
i : Longwave
1 Yal — o | Diffuse radiation L — Direct radiation
- radiation ] o (.9
Ly — :th occupant g
Yo ocation S
o — [~ Glazing \\ Glazing
V7 surface surface
'/' ( Pi
/
Angle factor (F_;) i'" occupant location Angle factor (F;_;) i'h occupant location Projected area factor (F ;)
Surface temperature (TS]_) Diffuse irradiance 1};(i, t) Direct irradiance Iy (i, t)
1 1 1
0.25

k

j i’

_ a
TLE(i, 1) = Z 5, G OFG) +— Z 4G O Fijr ) = forog o (i,
P

BEST KEIMYUNG UNIVERSITY
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H 1L x>
KEY IDEA 1 : EH2| B2k U5 5%
- 2l 2= 29", ¥, T 5)° A8
= 2L ETHE FHef B E S ROI (target surface) X|°8 G —

Frim = (@ms @my)

Extract@

IR image frame
Tilt angle

Fhim : IR image frame (# =12, ...,n)
j Identifier fof 2 given irferior surface
m Identifier Jof 2 taken IR image and polygon
P Pan angle] °
v Tilt angle] ® . .
FOv : Field Of fiew Pan—tilt system AVeraglng U

ts,

Pan-tilt IR camera

1% px
px Z Z tOtanmE

mc] C,”mg femmcjy

Average surface temperature  Ws, = ( Weots,,;) = 5

BEST KEIMYUNG UNIVERSITY
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KEY IDEA 2 : EHO| BIAIR T gt X7
- TR AU BERE XH
s 5 3 UARE T A

o T

A
o
| &k

—

n /,"’
e g ¢ M IEI_I'AI'%E
-~ 1 t flS.,;
5 / re ] TIJ.'

treﬂ,S]] = t[‘eﬂ,S“’j = treﬂ,S]]’j_Fl

YA 1
Average reflected temperature  Wieis, , = (Wtot,snc) =5 M Z z Weot,cP*

. m
mcj,men cf}’)‘m) o man njmé

BEST KEIMYUNG UNIVERSITY 10



[KGBC] 108 =Y - "Haky 7|zt dd U MHM2 HE BE’-I’

BUILDING
ENVIRONMENT

“MRT MONITORING SYSTEM” 7jj &t

= MRT 2 L|E{& A|AH XA
- CHY Zatd 7t02tE 0|85t AU Cts K|
OlMe WAEALZ(MRT) & oA AL HZE
(PMV)= 0| &5t= X

SHI2EH(PMV, Predicted Mean Vote) 0= 7t
- MREE M ZX K], FX H2HEHSAM), TS
A A= 7ts

> Zo}/CHabE A MRT

CHeHE 22 X} /CHIHE A} MRT

BEST KEIMYUNG UNIVERSITY 11
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@ IR camera
- ZFHR| : -20°C ~ +350°C
- NETD (Noise Equivalent Temperature Difference)
: <0.05°C at +30°C
- FOV : 45* 33.8
- 2kA 1 320%240 Pixel

\ ‘

- B=™E 2% E= +2 O|LY
- B gARE, OAMN AR, S7(2E, dHsE,
HFALZ &=

(@)
[=)
S7b7 : Pan 0.1°~ 25°/sec, Tilt 0.1°~ 12°/sec
- Pan §|X|_‘| —)'\—E : —E—I'::;I' 3"’4 EE‘”OI:II
=1}
|

.41k

2 =Y, N - HEE T 1A, RH: 2%

BEST  KEIMYUNG UNIVERSITY 12
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Application

» U #H2E0] ZL|HZ DATA
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Surface temperature, °C

45

BEST

BUILDING
ENVIRONMENT
SENSING
TECHNOLOGIES
LABORATORY

39

36

33

30

27

24

21

| =approx. 45°C

Difference between
§ glazing and blind surfaces

= approx. 5.0 °C

Difference between
S_win and N_wall

=approx. 13.5°C

Difference between
S_wir and N_wall

Blind ON

E_wall
W_wall
— N_wall
— S_wall
Ceiling
Floor
——S_winl
—— S _win2
——S_win3

18|

10-08 11 10-08 18 10-09 01 10-0908 10-09 15 10-09 23 10-1006 10-1013 10-1020

Time, MM-DD hh

13
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Application

AU BREARE BE

Monitoring area

BEST KEIMYUNG UNIVERSITY

Hour

@
i Shortwave MRT by
direct radiation

+

(b)
Shortwave MRT by
diffuse radiation

+

©
Longwave MRT by
Surface temperature

(d)

Longwave and
shortwave
MRT

= (@)+(b)+(c)

Room width, m
o - N w S (9] o ~

Room width, m
o - N w e (3] o ~

Room width, m

o B N W A~ O O o~

Room width, m
L N w B (& o ~

0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7 8 9 10

0 1 2 3 4 5 6 7 8

o 1 2 3 4 5 6 7 8 9

16:03

10 11 12 13 14 15
Room length, m

1 12 13 14 15

Room length, m

28.2°C

9 10 11 12 13 14 15
Room length, m

28.2°C

45°C

¥

L o e
10 11 12 13 14 15
Room length, m

50

48

46

42

40

38

36

32

30

28

26

24

22

20

18

16

14

12

10

14

Mean radiant temperature, °C
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g > d= 4 Moo 28

cHIt= Ak

ANy

<YW
HESA

Indoor
Thermal
Comfort s

<

LiERYS
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