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Validation of Computation Algorithm for Prediction of
Photosensor Signals under Sky Conditions

Younju Yoon', Jin Woo Moon” and Sooyoung Kim®

Samsung C&T Coorporation, Construction Technology Center, Seoul, Korea

2School of Architecture & Building Science, Chung-Ang University, Seoul, Korea

3Department of Interior Architecture & Built Environment, Yonsei University, Seoul, Korea

Abstract : A theoretical method for the prediction of illuminance under diverse sky conditions was proposed in order
to examine the variation of daylight illuminance at photosensors. The method was used to predict the illuminance of
photosensor with a full-shielding condition. The prediction results were validated using the results of field measurement
under various daylight conditions. Results imply that the predicted values were lower than those of measurement under
clear and partly-cloudy sky, but the predicted values were greater under overcast sky. Percent differences between
predicted and measured values decreased as the distant between window and photosensor positions increased. The
coefficient of determination between predicted and measured global illuminance was greater than 0.9912 under all sky
conditions. The correlation between predicted and measured photosensor illuminance was also strong under clear and
partly-cloudy sky, but the correlation was weak under overcast sky. Statistical test results showed that the linear regres-
sion models between predicted and measured values were acceptable with a significance level of 0.01.

Key words : Theoretical method, Illumiance Sky conditions, Photosensor, Daylight, Percent difference, Correlation

1.M B

Aoz AgE dee] Wi sl fAEE
2R 71zl olslo] FE fAE. ot
RPN = 7 Uil AnkdoRr #53 2%
wE27F FAEARL, olE fAIS] flsle] Hadh =
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Az"g AAlste] 2RSS FAShs Z23A0] Al
=8l (photoelectric dimming control system)< AUz
W AR g840= E8HE FoE dEA 9
THKim & Mistrick, 2001; Mistrick, Chen, & Bierman,
2000; Lee, DiBartolomet, & Selkowitz, 1999)

g A o] AlzHlo| ofte] F=gt 7]z o] AA
o AojEe AT, FhEE 80 Wl ulet A
ou= Arizwe] EEE e A7t A5 ¥slst
of FZH AREARA AZHAQ BHREE ST
(Vine, Lee, Clear, DiBartolomer & Selkowitz, 1998;
Kim & Kim, 2007; Kim, 2010).

ZpAlo] A1Zwlo] ABEE A9 WAEE 237
| 8o 22 W3l= EEAA (photosensor)oll A
HEe Ase] #spt F& weloliolx Aloj=s
e L EEAAMON A EE ASE A7
He ol E Alojetr] fste] thddt &bk (shielding)

7

N

£ 4

SACS D MSHHA | IP: 165.194.26.63 | Accessed 2016/02/02 17:43(KST)



654  #9AF -wxS - A5

4

ol XEAX e 2gEo] a&FQ Aojadrt &
A= (Mistrick & Thongtipaya, 2002; Kim & Kim,

Ao} Al2dle] XEAMAAN A= W] &
= F W9 o= Alojstedl AREE TP B8
ZlQl Woke eIt (full shielding) Z7A°lc}. 2L},
olggh Z7lo] ABEE A5, THA ] A=Y of
Piee tE Afckxdo] A&u)= 79l v
W3le] AslEl= AeZ YERITHKim & Song, 2007;
Kim & Kim, 2007).

A Al2Hle] ZEAAMC Rt 270] 4
|5 A =T 2 g dE52 gkt
APHel ofate] AAIEATHMistrick & Thongtipaya,
2002; Kim & Song 2007, Kim & Kim, 2007). 53],
AlEgolde] HEHE 79, TEAX AN TR EHE
413 (photosensor signalll t$t A== AMEE= A
AF &72)Z (computation algorithm)ell we} Tkt |
= wslet.

olgfgt QAPHIE =ol|7] fIste] thdgh AlEd el
A AL Z2odo] AL o), AXeAE 7t
2 Helollellr ESAjgith. whba | Aol A
= ZEAA AS E3A] E 5 e 2] He
g BAs] SJste] FEz0M TEAA 25dS
of tigh At darglge] kATt Tt ¢ 33
oM SRt Z2710] A8EHe 79, TEAA
A s = Alse] tigh dSo] Ao, A%
=79 dlolEe}l HlaEo] dSA7e] byl tig
Aol AAEA

i
R
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2.1. A|E2{o|M &2|F JHe

EEAA ] AT (signal)E clS3l] flsle] & AT
AN TR AL daElFells F8AT (daylight
coefficient)S &-&38 A7F AIZHE F=gAIH} =
EAA e wizte -yl gk mdly whHo] A8}
N darE]Ee] gk o]2F<Q FES 7|EAT
%= 23] AiEle] Qlth (Yoon, Moon & Kim, 2015;
Yoon, Moon & Kim, 2015)

A7 AZFERE FgAITR A A EE 8T
E 145709 HFZZ(sky patch)o2 E3HE 9
(hemisphere)FJE] A3 (sky)s @I Aag=2e] 3=
olale] s ZEAAMAN ASHE L] HER
Ao, g3t . Byo] HAFS 7Pgsie] 14570
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=g esiA

T ASE £ 9 F, AL Aee] 24 83
& F= 2IE RYYs] A58 4] AT
FAo) FES S AgEe] FHAS
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Z27} ARk
ool o3t s A7 AIZHNE Bl 24E
dsjsle] AR 4 o, At g Bl =4

bt
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SHTH wEpA, AL AR G5 5
o] A (e AN Bdes
7} gRE], Bgor] AHA R JAE=
RE HY AER ARk, BYe] b AR ES
oAl Al HollA] gk W o wkAlEo] 2% AN
o Eegh i) e F3AIF T vE A
A== ghelst WAPIE F3AS )
Kasl=

BloFe] WRAMGE] o3t 2k Alake A EjS
FEEIE o] AE x27te] W AR FAIE €
BsHAY, 183 4] AFzzte] AT &8st
£ 274 WRle] dtk. B Aol E Alkke] A3
7b Eval dE o) HAERZ vARES E Yk
BE Aol wWE 7S AEsle] Akl Wl
o] AREEIQITE. FTHH o R HFzztdt B 37kt
L (solid angle)e] Z7] AolE BA3] $slo] 471
Agzzre] vAE FAIgl o8l 228 2%
e 7242 o] Bige] WAMIEel ost 2wt =
=3t

AE B0, "] WAL AES Aklshkes 3, AF
o] 147h2 FEE =74 95, 96, 116 2 117He
gsle AEgxzio] 99 219 11A1RE 132744 ©)
WS AT el sk 242 Figure 19 YERT Q)
b 4 11X Z2719] 7%, ' TN aie] dy
zzkel 95, 96, 116 2 117H2] S47IA] Agle] vl&
2 0.70: 0.58: 1.0: 0.42% LRI}, o]ol] 23}, 1}
FHoAR zhzhe] Agyate] dd=s A Wel 4
% (luminous)®] H]&L& Z}z} 21.6%, 26.4%, 15.2%,
36.8%= Tt
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3G A9l TMY2 71 dHlolee] sid AlZE Ak
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Figure 1. Example of sky patch for daylight coefficient
calculation (Sep/21, 11:00-13:00).

7F A A37F AZER =28 4 Qo 252
AXE dwrgoz FAK E’J%}E XS 7K L
U, ZEAME Axsitet AFER 2] el Bzt
= BES 7R QuEe®, 4 /«H FAeI WA
2174 el el RIAEE 12 TP, Aol
ol ziwe] FARI Lo WIZkEr} Hisker).

2 Al 28 Al AR flste] AREE
Radiance 2732 9534 32" (Backward Raytrac-
ing)& 7INEO R gt} o] 7[He 2% AL F
HA(ray)ys WA AA 37 BN WAL, B2, 24
P2 FFE AR § HFTHOE Ao EHehe
BAE FAs WHelth mEkA, Aol 3

WA Al EEAIMS] RIZkE Fare) weE) ZheE 9
A LA H)go] 2 ZEALE Al ZEAIA 9
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Figure 2. Layout of full-scale mock-up model space (top:
plan, bottom: section) (Yoon, Moon & Kim 2015).

=: 37°33'N, A%: 126°58'E).
AA F7b gt A|YL Figure 20 AlREHo=

HAlE] ok, ARAe] F| Zo] Eol= 72t 3.6m,
42m, 265m=Z FAEHATAFA Fhe] AW

(facade)ll= ©]5-2]7](double skin envelope) A]2=&lo]
AAFo], Fgo] A2 aHHow FYEE AL
2 P E AP ot 2 B4

£ 93 AdEHE 8= Arh(Baik & Kim, 2014;
Yoon, Moon & Kim, 2015)

Aol AAg o]Felu] A" AW 9] (inter-
nal envelope), 22| ]3] (external envelope) & &=
(cavity space)oZ ©]Fox] it} FFFE] FHE
fel2 FUEle] WS Falo] errge Ggdo
2 A E 270 FAE FeE RE g9
UAL E Hlof| o3k F3-8-8 717} 34.8% H 62. 1%01
oh. Agdel Ave Pugenne 2034
o Belss 84 eglet.

A 22 @A 5 E 2015
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Figure 3. Configuration of photosensor (top: section, bottom:
plan) (Kim & Kim, 2007).

EEAS] HAZAL Figure 291 39 HAIE] 9l
o} AME ALl 22 09m 2 2.1m °)4%
T 7 AR WA AXEAT. Aol AXH AlA
o] FAL v FAS PAsE 2HUSE FAH
Ao}, AlAe] RZE (viewing angle)S AMFACE
FE 76.8°2 A|gkehs PRI (full shielding) 70|
Aol HE= A olefgh 7oA ALl soA
2.1m o|Fd AFel Axd A= A ¥k v
oA WhAkE] = HINkS: sk 210 % Ak

AE Z0M FFSEL 1d S i A
Aow | 2HE Hlole] 27 (data logging) AlZ&lol] 23}
o 12 7140z 4359 dY dHoHe wxt JAFE=
AFERE AFHAT B dFoles AUz flEe
FH] Aol e AL Yl AFERAe
I flle], 1299 Ui d3Ed Aol us
tlolE] #4o] AAFEATH AHE YELL Table 1
of] 8ok=]of St

AF 27004 FHE vlo|Ee} AlE# oA o
25 Ayl gk A5 va @ AZS Ssie], A3
2L B ATl Aetd Alxt duegel wel o]
£3

r

=

Z

Table 1. Selected Days for Analysis

Sky Clear Partly cloudy Overcast
Day Dec/9 Dec/6 Dec/5
AR E3A

5 ) AL (global irradiance)
AeREHOZRE dAEe FE]l At (diffused
irradiance) 2.2 E/FE o] SAHHIITH ¢Fo] 2=
i 547 S S B AFE0] Nk

T JEE HAkx=(global illuminance) ¥ &4

o i, tn e e

Ak Aol ek Bt Aalke) vjge Ay
71520l wet skt 28300t

SAE 9F dAFEFe] HIREXE Figure 49} 590
YERY Atk H-F (clear sky) 2719|735 At
2 QFAR] XS Kol wHslEe] ) 510 Wm'=

Figure 4. Outdoor global irradiance.

Figure 5. Outdoor diffused irradiance.
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Figure 6. Sky ratio.

Figure 7. Outdoor global illuminance.
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Figure 8. Outdoor diffused illuminance.

Figure 9. Difference between measured and simulatied
outdoor global illuminance (clear and partly cloudy sky).

Figure 10. Difference between measured and simulated
outdoor global illuminance (overcast sky).

=g esiA

ofcis

e 270 TEAMG Zxdl| tig S A= of
A3l Hlwsle] JoiFoz = oz e}
i G E 240N E G243 24349 1o
A veRsTh B3, el 28E 2209 m AR)
Xl AT} 54T Afe]o] Aol AFTiolA B

Figure 11. Difference between measured and simulated
photosensor illuminance (at 0.9 m, Clear sky, Partly cloudy
sky).

Figure 12. Difference between measured and simulated
photosensor illuminance (at 0.9 m, Overcast cloudy sky).

Figure 13. Difference between measured and simulated
photosensor illuminance (at 2.1 m, Clear sky, Partly cloudy

sky).

SACS D MSHHA | IP: 165.194.26.63 | Accessed 2016/02/02 17:43(KST)



=

_T'_
T o -

Ao ETEAAM 215

A
©
kd
L)
o\
o
2
ol
ki
Y,
ofN

Figure 14. Difference between measured and simulated
photosensor illuminance (at 2.1 m, Overcast sky).

)

01% AFz00A F/Hook—i—ra A== 2
I=(direct illuminance)2] Hl-&o] =4 SAlsk=

(
A

(RO
ofl N

[o

9 BB ohy 270 Algdlolde] AXEE 2
Bew QF Az FRo UF wejo] R
WIJEA] ol W Ao WEED: B g
e o] et B 2N TR Awk 270

28Eo] wAE 75 AFAHe PR dX
3A] 2H=TH(Yoon, Moon, & Kim, 2015). JEEH, ¥
F-2ck (partial shleldmg) zx70] Ag¥ A
Z710M Z7tellA olA4"E Azt Hollel| we} «S
AT 08 & EXE YeERYITH(Yoon, Moon, &
Kim, 2015).

olgfgh Axk= fE]e] Wi XE HAA gt
Abo] AAME QAbE= WAL GRRo R Qlale] WAlE
Ao® FAEG. ey, $hxidt 27de] A&Ee=
735 v o)) e FHEolA RirE]e] AlME Y
AbElE RRAPIRe] o] AidEo] 54t 54
A} Aole] zlolE WA Ao 2 AT

gl 2 Ateld HEE Bl 71EATelA
289 HYIE Bt WA B¥E JJorE, B

I AR PE TP P 2AS B AT

T+ Hd¥

A ek 2zl G U oz e
ok mebd, g 2710 EEAAG HgHo]
FomnE WAEE AURER ol PAHE 2
A S tjE 7149 B4o] ey Aew
P,

Ad zwe] Yol gle 27 FRlF 270lA
AE o 5ATeL ST Aol AT 21
o AgH 71EAToIN vehd Waktre} fAtsi

Figure 15. Percent difference of photosensor illuminance
(photosensor at 0.9 m).

Figure 16. Percent difference of photosensor illuminance
(photosensor at 2.1 m).

(Yoon, Moon, & Kim, 2015). Z&u}, & 7-2] Az}
= & dAgolM AREE Bl Hlaste] iAo
2 E HYE 2N Apdxzdo] AHEEHA] e
EEAIA (unshielded photosensor)ol] thal #2472 5}9}
AR 22 A= YeRtH(Yoon, Moon, & Kim,
2015). Bl =, Az 9@ 2EAA S gzl
et G 5dve At o st FES ved
3L o], AlEEeld ARE Assked Y A
7} R E|ojo & Ao 2 HekHT),

7} 27004 AR elE Aot 24 Alo]e] 2}
o1& unlsl= AHESQ] HAE o] (percent difference)
+ Figure 15 - 160 YeR} St} HAE Zjolo] tigh
% #4143 Table 2] 80F=o] At} Ax€ F
Aol XEAAC tiale] HHF 20N HAE 2}
ol T MaFxZolx BAE Aol Blasle] 7
FE Kol gtk WhA, By 7oA oS
Aol 2843} Alele] HAE Alol= 7HE & WS
£ Hepiezle® 24 EA. o 71 d74w

A 22 A A 5% 20159
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Table 2. Percent Difference between Photosensor Illuminance

by APPSM and Measurement (unit: %)
Dec/9 Dec/6 Dec/5

Range
09m 2.Im 09m 21m 09m 2.Im
X<5 6239 77.06 5046 57.80 26.61 23.85
5<X<10 32.11 16.51 36.70 25.69 12.84 22.02
10<X<15 3.67 183 642 550 20.18 15.60
15<X<20 1.83 275 459 826 2385 1651

20<X<25 000 183 092 183 826 1743
25<X<30 0.00 000 092 0.00 826 3.67
X>30 000 000 000 092 000 0.92
Total 100 100 100 100 100 100

9} A3 (Yoon, Moon, & Kim 2015; Yoon, Moon,
& Kim 2015).

3.3, M2 B
A 2AT S AR AgHo) e elg
A5ASE Wasts] gIstel, P 3134 incar

regression)®] &= ct. 3]7EA ] A8E SHW
“(independent variabley= SgolA 18 7HHoz =
AE X EAA L] 2=olr, FER4(dependent variable)
= AEFo)d 2sle] dEE TEAAMY 2w A
ATk SR Al et 7 W Aol A
Aol thgk FAARA AFS HEEA W (ANalysis
VAriable, ANOVA)©] #-8-]0] AA=IIct,

Ay BARA e oJg S8 AT} STl gk
22 Figure 17-199] HA|Eo] St} Avdo=z,

S, i ol

Ak
o
24972519} oEAste] T £ AR et
o el Ankee] A9, 54 D A543 Aol

AAAL (1, coefficient of determination)= 0.9912 ~
0.99782] HeHollA WHslE]e] F WpAto]o] AiAd
o] ufg- =2 ZoR EAMEUL. ol HFEe] W
3BlE ASolw o2 o3 dESdxpt a4 4
e} dAJsle BTt oS oJvg.

EEAMS Zof thet dde oF HNkxso
oiale] 2AE el Hlasle] AoiF R okt A
o= uUepdth. AT B T w3y 20004 A%
AT 097 oo R EAEHSITH ol XEAIA
Apgz7do] AEEHA &2 27 (no-shielding)d F-&
=7 (partial shielding)o] Z-8-¥ 739l tisle] &
AE 710 A#e) fAreE AFE e 9
(Yoon, Moon, & Kim 2015; Yoon, Moon, & Kim
2015).

=g esiA

Figure 17. Correlation between prediction and measurement
(Global illuminance).

Figure 18. Correlation between prediction and measurement
(Photosensor at 0.9 m).

Figure 19. Correlation between prediction and measurement
(Photosensor at 2.1 m).

v, B 240 AAATE 05 vRe =R
el S840 dSE Alele] e AduiH
oF okl Ao=R FAEo, 7|E AF+AeE e
Z}o]E Kol QTtH(Yoon, Moon, & Kim 2015; Yoon,
Moon, & Kim 2015). o= & A5tollA] ARk wEQl
AlEF ol o3t dEe] FITE Fsl] Sk,
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Table 3. Linear regression analysis for relationship between simulation and measurement
. . Unstandardized Coefficient . ANOVA
lluminance ~ Day  Variable Sig. - P
B Std. error F test Sig.
Constant 1326.6 308.49 430 0.00
12/9 F(1,107) = 12067.96 0.00  0.9912
Slope 0.9760 0.01 109.8  0.00
Constant —99.48 124.24 -0.80 043
Global 12/6 F(1,107) = 48698.65 0.00  0.9978
Slope 1.0733 0.00 220.68 0.00
Constant -16.06 68.20 -024 081
12/5 F(1,107) = 12783.94 0.00 0.9917
Slope 1.0238 0.01 113.07 0.00
Constant 29.42 14.06 2.09 0.04
12/9 F(1,107) = 9743.83  0.00  0.9891
Slope 0.8217 0.01 98.71  0.00
Constant 58.56 8.37 7.00 0.00
Photosensor ., ¢ F(1,107) = 8958.87 0.00  0.9882
at 0.9m Slope 0.7665 0.01 94.65  0.00
Constant 52.04 10.53 4.94 0.00
12/5 F(1,107) = 10577  0.00  0.4971
Slope 0.9997 0.10 1028  0.00
Constant 21.53 21.05 1.02 0.31
12/9 F(1,107) = 3560.26  0.00  0.9708
Slope 0.8778 0.01 59.67  0.00
Constant 33.86 9.75 3.47 0.00
Photosensor ¢ F(1,107) = 481748  0.00  0.9783
at 2.1'm Slope 0.8490 0.01 6941  0.00
Constant 41.26 12.78 323 0.00
12/5 F(1,107) = 48.07 0.00  0.3099
Slope 1.0239 0.15 6.93 0.00
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