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Fig.1.2 Operation principal of lighting control using illuminance sensor
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Fig.1.3 Image of perspective model
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1. 3. 2 HZEAHIE

ATy FBHERHALEZA 7 4 2T, Ty v FEHOBEME -9,
BOGHENC X o CT7 vy v MR ZIDCHIE T 256, BER v ¥ — 7210 Tz o
LIBBARLY, @ERIHZ SEBIGF LN T 2HES D 5, FIHEENCRE 3 2 Kt



FOHMIE, oI L, HEERLCH S XEREFIHL, ENOHZ XEeE LT
52 eNTE LHEARIE Y A7 L 0mHEEZHL P ICT L ETH S,

1. 3. 3 774> kil

774 v FHEICE T 2 Ko HEYIZ, CCD A X 7 0§ %L <, Bl»rb R
BN X B DR, RIAEM D O ORI E BT, T T4 v F OENES
EHEOFHEEHAL P ICTE L TH D,

18 ICHEEL T2 774 v NillHlo®EI{E42 "3, Bl 774 v FOflic CCD A £ 7
ZEANCIANT CERET b, R E RO X ) RIEVIINEM 0BG, —RINCERE 774 v
F & ofIiciE 200mm BREOEMADH 2 b, CCD ARXAT%IDMBICHKITSZ LD
A[RETH B, TD CCD A X 7 THKT 5 EIMERE G 2 A ic, BOCEGHEZITS ., Bl
ICEXIET 2 2 & T, YHEEBMIC AR T 2 EFHECRUEY 20 DR 2Rl 2 & 28
TE, BEOESWECHIENFEIR X 2 52 5, 72, FWEVIDORIC T > T 5 REr
X, 774V FERKRT2LhTE, MELRAZLIVS G2 LRARETD D,

vAg

% @{g
*{I‘ (“"\'_!« Aor T T Y oror ﬁ
] > B
2 » Y - 2
| RETR —CCDHAS e

e pa
TS5AUKR 7
+
(a) RETFDRHE (B) (b) EAEYORIHE AR (B)

(1.8 EXHEICLD T T4 > FElIEOENE
Fig.1.8 Operation of solar shading method in blind control

1. 3. 4 BHAL7 74> FOBANESRT LA

KfFFEORBEDOHIIE, OO FERREELMAGDEIBIHE 77 4 v F olgdatlE s
AT LEFEBYNCGEAL, HRVATLERBT 22 ICX > Ty R T LOERMEXHER
5L THB,

1.9 1%, &lal, FEYNTEAL 2HlHY 27 L O & R, BMEENICHE L 72
CCD # X 7k o, Blid bRz 2 EIEEEER I OCENOREBREZ EKLT 2, 156
WM R Z S 2 2 & ick Y, 774 v VoY AfmERTT v ez v PEIH, %%

10



JWHDFDCEZHEL, FIHS 2, cno 2 BEERMRETHEYET LItk D, B2 32
RET 2B HDE T, A7 LT O], EERWN2 R EmRE 2R 2 2 &
75§VC“% 60

v~
/5N /TN SN ST gi}
(OJa - //> SR DDGCCD#:}%
ST [ir] N
CCDAAS 7ZETHEH — > (BoVAIER)
(BRBIER) :
N
555N X JE
N
HEMES /_\\ N
N
N
1EE TSAUK
[ 5% [wws - Ak
- = — T O REAHIEER
EERIES SIRIE
. %wﬁﬁ_L,r_] HIBES

T4V RHI{EER
1.9 HE> X7 L DR
Fig.1.9 Diagram of control system

1. 3. 5 HAREZBET S -HOBAKRHEDRE

INLDflly 2T L EERANMT 220, HEXZEL Y22 SREHERT 2
BBHRGE L v AT L OGO 7201, ENOMES A ZEHICTHT 2 FIEBLETDH
%,

9, YR 2 IREMERT 5720103, BRI L, MESMEZEREL R iEk
SR OERRLZ S 2T B 720, REFIC D ZHEREO AN E ERMOMBEZ I S 20103 3,
Z o Fc, WHERE O ROCRE %2 R I IR %2 v 72 Bl 7 & o IR R 5 5H T 8 %
BEtd 2, $72, HIEBZE LAEREL, BOLIC X 2 A% /5% ko 3 7k % Mt
L, il AT LR EEAICTHTEL L EZET AT —RICK > THEET %,

11



1. 4 @®XOERK
AREmCIE, 110 IR T 6 ETHERE NS,

%1% 5
RO RAMES L L B . RENNTEEMONS SBEBRT S LRTEAL
ERDT 51 > FHEHS LR | BESICENL O ARNORIE ERATERL
APROEH ; B/E - T5 1 > FOBBHBON S v 5 & LR T LRFRUREEOMRE

A

B2F BALHSEBRERMALREAHE EIE BEEGEMALEZIT S M 2 Rl
B % SERZ AV - IREARIE A E DR BEEGRZRAN:-T 54 2 FHIEAEORE
BiRE I 55 SROBEEEETHETM EABEBHEARL - BEHAD SHEARE
KRDA T 1 RITE T S HERER & 5Tl EBRDF 7 1 RN2H 1+ B EFEEER & 5T

v

FA4E BAL TS 2 RO
REAE T 54 2 FOBATEA LR
RIROF T 4 RZH T HRARR E T (RRFE- AT ZERR-FfAS/ EvIRE)

B 5 E HRBHERES H-OICREHEDRE
ERFIEEED 1= DEREEE

BRY - TUETY MNRBAZEAT ST 7« AOFRARE (BHAETEHD
FHili T ) 7 DRE - FlE BRORE

ERBEDE S TATFEDRE

ETILETE LETHE

F6E fhm
ARARDELEH ESEDRE

1.10 XX DR
Fig.1.10 Flow diagram of this thesis

12



AL, Fram %z &0 A 6 & & AT CHR T 5,

H1E (KE) X, FiicThd, ZUDIC, BEYICE T2 ZEBLA L DI AL X —%
HEIHIC B3 2 tE A& RB A 2 H R0 B R L HE iR ~7, Xic, HFARSEICE T 2HS X
BEOEAEEE L LD 7 74 v FHIENCEE 3 2 BEOWRIC D W Tih~, RIS
& RT,

F2E T, H2 IAROREMZ R ITHIER (A2 JHIBR) %2 FIH L 7 IHGIE %o
WTIRR %, HlfEIC B A 7 4 RZERNIC BT 5 1H 2 X Ko E#HiPH & 32 B SRR I X
> THLIC L, EBEDA 7 4 Rk T 2 EEEITER, BH2 X HEif§R M OH % & REfE (NB f#)
% FIH L 7 BEAGIE > 2 7 2 D EEEEER & 2 O FHfiic oW Tk~ 3,

FI3T|TIR, HEEREFHALZ7 74 v Pl 27 2200w Tiir%, CCD A X7
ILICHUS L 72 R A &, BN OEE L BH O L X 2 HET 2 7E0MGHER, B X
CINLHEREZMAIGH S AT L2 EKEOA 7 4 AITBWTHEL TTo7z, 77
A v Vil 27 2 O FEREEER & Z DFHIC D W TR~ 5,

HA4ETIE, BIAL 754 v Fom@atEic o Wit 2 EaFEBICE L, HIlE o2 Y41,
BIALF -, 774 v F otk £ o Hliic oW TR~ 2,

FHEETIE, BRRICE T 242 R - Trvexy MRAL 7 4 XOEESMZHE L, B2
THBRICL>oTERZ - Ty AT ONBRIEORELEM T 5, £/, SREIREGL
WAL 774 v Fotg#fl#Elo At e T koo 0fEE, ChEFHT 572007
Fe L OHEES RO TR RE L, ffigE T 2w CHEIEY A7 2 ofilffl o
HiEicowcikr 2,

e EX, AR OMMAEILRN 2,

13



(%6 1 o 5E K]
1-1) B2 T ABL D fia bt | G & B 2 - B G IR & 282> 2 EBRBE D I SZ1C 161 1 C -, 2009
1-2) RAERES BRI ANLT —T BZALF R ZEB v — P~y 7HRIRAEL L Y F L ©,2015
http://www.meti.go.jp/press/2015/12/20151217002/20151217002-1.pdf (2019/2/1 Ril%E)

13 222 - Tvexy MRS X7 ATEHER B AWEH, 1995
1-4) BB E 2 © oA 7 4 AMABH O FEREF AT LT A e, 2002
1-5)M AR 222 - Tvexy MR (TAL) & REHER B2l E, 2012

1-6) PRI FHE © & 7 4 2 OMIRB O & KR, WIHPEAEE, 74-1, pp.17-23, 1990

I-DERAPT - FHLITIE : Bh b 0 BINIES) L 7= AR o O3 - EENHFRICBE 3 20198, HARSES
SREFAHEEE, BRETY 1, pp.501-504, 2014

1-8) i EIET MU O IFEEEI R O & B ic BT 2 R LBm, W25, 99-1, pp.28-31, 2015
1-9) M REAIT A ¢ TRITH O BIIRIA AT E I O EEEICE 2 2oz o 1, EHME LY
HEIEOMERER, HARBE AR RSMGEETME, BRETY 1, pp.1255-1256, 2010

1-10) WELL Building Standard® v1 2015 4 9 A
https://www.wellcertified.com/sites/default/files/resources/WELL%20Building%20Standard%20 (Japanes
e).pdf (2018/8/11 %)

1-1D A5 - Julbe - Y il & OBAE AN ZEMOH 2 S KICh 2 2 2, WY &3
11, pp.593-599, 2014

1-12) doRf 548 - ST B —5 5% b OE RO 2 XM -HEE O 2 Z 58 L 7285 X MEICk S
(2D 1) -, BEAYAEE, 88-2, pp.77-84, 2004

1-13) 958 - IBEE: 2 v b SR - T a7 7 A VERWEHZ SHEO TR O L% ERE L 7=
W2 SRR 208 (Z @ 2)-, BIA“E4EE, 89-5, pp.230-235, 2005

1) 7 2 — 71y b &R F O BRI R & W 2 & R o BT 25— FEEE o it & %1 L 7210 %
SHIEICBET 298 (% @ 3) — IREA2EAEE, 90-2, pp.97-101, 2006

1-15) 1A 758 - EHE © tae— FEFUEEIC X 5 22/ 0 2 X &, A4, 91-5, pp.266-271,
2007

1-16) EHM - HOHEAT - 2RI DA 2 TIRIEHE [Feul 1 X 2 Hid 72 ZERIAN D D 72 0 O3 L\ IHAFEAR Fi%,
Matsushita Technical Journal Vol.53 No.2 Jan, pp.64-66, 2008

=1
5

98-

1-17) Campbell, F.W. and Robjson, J.G.: Application of Fourier analysis to the visibility of gratings, Journal
of Physiology, 197, pp,551-566, 1968

1-18) MR e « 22 I 2 S FHIiFT i &R B2 - ZR O 2 IS CII T 4 v IcBId 2 9t
HRES  [EROW2 &) BEozoo) 7 7Ly 2 - 7F—245H, 2010

1-19)7- & 21 FURIR  &%h% LED & Botv v G oFi 72 vl getE, IREA%ESEE, 100-4, pp.156-159,
2016

1-20)5F Y = 7{h Feu et EF}
http://www2.panasonic.biz/es/lighting/plam/knowledge/feu/office-3-2.html ~ (2018/12/1 BH%E)

14


http://www.meti.go.jp/press/2015/12/20151217002/20151217002-1.pdf
https://www.wellcertified.com/sites/default/files/resources/WELL%20Building%20Standard%20(Japanese).pdf
https://www.wellcertified.com/sites/default/files/resources/WELL%20Building%20Standard%20(Japanese).pdf
http://www2.panasonic.biz/es/lighting/plam/knowledge/feu/office-3-2.html

1-21) FHER - A HAIRS - SEFeA - e REA - WS : BIBEEETEIC oK 77 4 v Pl B 3 2
WF9E, Z25FHF0 - fE Lor s KA ARG, pp. 1513-1516, 2006.9

1-22) R[EERH - 25 HAIRE - JIEE NS - KERRICX 2 B8 7 7 4 v Pl o 72 0 O 5 H GEREE S 1T,
HARSE ARG R3S, 55 660 5, pp. 125-130, 2011.2

1-23)—/ itz - H LR - HEART : RROEMIGERT 2 7 7 4 v F o AEl#EFE, HAREEY &
BRESRCEE, 55 646 5, pp. 1339-1345, 2009.12

1-24) HET7 —*%72F 27 (919),46-50, 2010-02-08, H#% BP #:

15



16



o 25
HH 2 & i & R U 72 BB E I B 3 2 feed

17



2. 1 B3 ZEGEZFAL-BIRAREAEORE

AL 5 2O 2 &, BER-CKIFH 72 &, FREFIC 2 5 HI& DK Z WEisr o iR
DX o CTHERZIT S, DD, Oy OMES M ZEYNCHERT L2 &Ik,
ENOHZ IEEMET 2 LRTE S 2D,

W7t R & L2BHEIE S 27 203, 2227 - Tvezy FBHEZRAT2 A7 4 2 %50
REL72D0THY, K21 1CmT ki TEEEEHESS), [HEBRBEEHmE |, [ BASIEE
oINS, CCDARXTHEHCTY TAZA LICENOMESM i HEL, 207 —
ZEHAWTHHZ SEOFHM 1T 9 o HlEIIIH 2 SR EICERE L2z ) 7 (H2 S &%
TR L 72 WiEED) I AR T 2 Bt o2 B Lz0b, FHii= Y 7o NBEAHE L L Tk
EINTfE (HEENBE) L2 XO5WMHZIPDE T2 2 LIc X V175, BRI THS X
ROFAM L WHOHIH 2R VRS C Lk Yy, ENICAST 2 BEORBOEHICIE L CHF
flicy) 7OHENBEAHER L2230, Tvezy FRBIHICHELRIH 2 IEKE2 TR TR 3,
T T, iz Y 7, 2= A4 KIE U CEgE OEEFN O B A ) OHIEO K Z W
BEmeRHmHARBOL ) 7L LTCHET L2 BN HEEI RS,

/5N /5N /TO—/5O\—/TD\ Xép
C]E] /N //} /S N /N /N P
~ > ~ EE
CCOPAS 7 E I NEEBA
RRDZA 7=
HEES _\\

HERE

[ET] HEE -
- ||:||_1% ||:|| _>||:||F.§Bﬂﬂi'|lﬁﬂ§|3
FERERIE RS LIRSS ER

2.1 B> X T L DOFERL
Fig.2.1 Diagram of control system
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Fig.2.2 Example of luminance images for reference
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Table 2.1 Subjective evaluations
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=, ENOMEEEREZHEIEST S CCD A7 A7 (HFEH 1032 (H) %778 (V), Hiff : K
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Fig.2.19 Diagram of control system
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Table 2.2 Target value of NB by hour
B Z 7 8 9 10 11 12 13 14 | 15 16 17 18
2= 77 | 77 | 75| 15| 715 | 715 | 74 | 74 | 76 | 77 | 80 | 79
aali) 78 | 78 | 76 | 76 | 76 | 76 | 75 | 715 | 76 | 76 | 78 | 7.8
BE{A 77 | 77| 76 | 76 | 76 | 76 | 715 | 715 | 76 | 76 | 78 | 716

2. 3. 2 HIEER

B4 2.20 IcHE R H ofllEIRE R 2, X221 1K HOHIERR 2R3, Wik & b BE[l D R4
A OFHIE NB fili & B D AT 52 NB fH, WUAHIEE O NB i & OB o B o
PIFNRE RS, 72, HAT 6 D 9 KICET2BENOADY B XM & HHIEE D
W2 i & B 01 NB fE%2 ZF 1015,

ERHIZ, BAZTCTENBLALESHERI N TCWE 0, WAZ ST 2465870, #
HHIF 0%23% o T b, 8 & 4 7 R OBERHIZEN T T HEEZEK T E 2720,
BRI Lo THiTEE N, IRITHEINBEZIHREL T» 2 2 LR TE /2,

BET O HfH1# 0 FH) NB fHiZ, WRHIZ 841 THY, ERKHTD 7.69 TH Y 7.5NB LI
ERMHERINT VS Z L 2R TE 72,
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5, FERA 7 4 ACHIlHl AT L 2R L, FAEFEREZKICHEIE S 2T L DZYEZIH S 2
Cd 2, 774V Pl 27 Lo, X3.1ICRs X5 HEEHES ), [DeBREET
filis |, [7 74 v FEIHER ] oMk Einsd, CCO A AT E2ZHWTY TAXA4 L EHD
HES M EZHIEL, 207 —2%HAWT7 74 v FEHBHIET 5,

AEiCIE, 7V T E2RAET 2 AREED B 2 EHEC KA T 2 kR L, &
D7 VT T 2 BEA 2 XHEE IR, 33 f8iTcidRs,
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Fig.3.1 Diagram of control system

3. 1. 1 CCDIAFICLIEBENESE

i3 2% CCD 7 A7 &Ly XDtbk%E#R 3.1 1, HHEEEX 3.2 1CRd, &M, 15
DH AT CILHEHPICHIEST 2720, falRL v X2 L7, &AL, BIHEECHHE T
2L HREBRELC, ¥ L 2R EFE L ZBICERAD AR WEES LN S X )i, F
FEEER R X2 A L 72,

3 31CCDAAZ &L vy XDER
Table 3.1 Specification of CCD camera and lens
ZHFRF CODA A= ¥y (£/40)

AMERERE | 2456 (H) x 2058 (V)
JL—LL—FbF | 15fps

DK e F1.4-F16 (F16EE CHEMA)
TE] £ 185° (H) x185° (V)
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Fig3.4 Comparison of luminance images with and without ND filter and IR filter
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TERBEHEL, Zox ) 7T OMEENILEERBNICFHEiT 2 2 & A TE 3 39,

LLE2> &, BEEEHIR D H A &, TS50 L2350 R i 7 i & it 3= 2 77
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3. 1. 3 ¥EHEDRE
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Table 3.2 C and A value in various shutter speed

OESK QR4 O @ES+RHFKE |(ORBDEVERX

SS ClE AfE CfE AfE ClE AfE ClE AfE CfE AfE

1/6400| 1.2072| 6.1799| 1.4794| 5.9390| 1.4726| 5.9585| 1.2644| 6.2359| 0.0166| 5.7686

1/3200| 1.0875( 6.0513| 1.5315| 5.7042| 1.0223| 5.5456| 1.1416| 6.0984| 0.0108| 54687

1/1600| 0.9344| 5.9763| 1.3155| 5.5251| 1.3437| 5.3278( 0.8955| 6.0711| 0.0110| 5.1684

1/800| 0.7769| 5.9400| 1.1362| 5.3951| 1.3214( 5.1345| 0.6985( 6.0610| 0.0115( 4.8649

1/400| 0.6019| 59212| 0.9954| 52993| 1.0815( 5.0987| 0.5473| 6.0366| 00111 4.5667

1/200| 0.4782| 5.8709| 0.7839| 52683| 0.9528( 5.0716| 04108 6.0060| 0.0232( 4.2659

1/100| 0.3528| 5.7955| 0.6216( 5.2479| 0.6944( 52000| 0.3281( 5.9314| 0.0260| 3.9691

1/50| 0.2819| 5.6934| 04833 52294| 05345| 5.1883| 0.2494| 5.7955( 0.0332| 3.6755

1/25| 0.2563| 55159| 0.3601( 5.1956| 0.2914| 5.2423| 0.2198| 5.6268( 0.0510| 3.4259

2/25| 0.2498| 5.2879( 0.2710| 5.0932( 0.2272| 5.1794( 0.1039| 5.4691| 0.0600| 3.2828

4/25( 0.2172| 5.0393( 0.7319| 4.1180( 0.1864| 5.0364| 0.2813| 4.8917| 0.0599| 3.2585

8/25( 1.0987| 3.2340( 0.0727| 3.5263( 0.1382| 4.8606| 0.4613| 4.3832| 0.0407| 3.3054

16/25 NaN NaN| 0.6605| 3.4691| 0.1111]| 4.6308 NaN NaN| 0.0560| 3.3342

32/25 NaN NaN| 0.3687| 3.9609| 0.0599| 3.1095 NaN NaN| 0.0595| 3.3296

CiE=04 AlE=45
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Fig.3.7 Site layout Fig.3.8 Section diagram
A < N
Y [T 10 ...... O ...... -
= 1.
H Ho
H BHo
i
B Bo
8 8o |
8B Beo |
B Bo
=~ p Lo
B
@ CCDAAS o HI4h

i IJSAVRHEES IL—T B LEeps Y yREIEHA
3.9 FEK (2
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3.10 FAEEED » DBKE 3.11 JemmE AL > DREE

Fig.3.10 View from south-west window Fig.3.11 View from north-west window
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Fig.3.12 Luminance images (Normal measurement)

40



B 5 58 E 1 E B ¥ EFER
HY
_Cff:0603 | Aff: 5722
HY
_of: 1.100 AME: 4914
L
C{i&: 0.024 AfE: 4.279

313 BEI Y b7 X FFHERER

Fig.3.13 Evaluation result in luminance contrast
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3. 2. 3 EXETHEHEORIERER
COHENERMBATZAB T 74 v Fiilfflc A7 2% F e ICHEL, FAfiRics T
H Bl D FEIEEHRZ 1T o 7
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Fig.3.14 Flow diagramof control logic
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Fig.3.16 Comparison in evaluation result and slat angle (south-west window)
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Fig.3.17 Comparison in evaluation result and vertical illuminance (south-west window)
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Fig.3.20 Luminance images and shading evaluation result
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Table4.3 Comparison in porosity
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Fig.5.2 Example of suspended lighting
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Table.5.1 Lighting design method considertaing luminance
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5. 3 HMETYT7ORE (EHEAOKH - BOEmBELE & ZRKOBR)
HHFHEORR, RIFMCEEH 2 ER T 2 MEHDH 5 Z EBH L DI TR o 7223, ZEEH DY
AR X o CRIFMECEEIM D R AT 3870 5, K, BED LB HICHRE L 7= WEEAGHE & 3%
2r, RO Rz 0 & IR O 3 2 BB o BR A FICiEE LT 5 2 L 2 RGTL
7z

HZ#5 0 ©H 2 HETNIC B 1T 2 KIFHCEER O EI A Z M ERICFHi 3 2 729 1C, 3
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BEREEET VK 53107, R Z,=0, $5PH Z,~d Ic B 2 EHBGEEIIC X -
T, HA (xyyw2z) EBSEHES A (xqye z) OBRIEIAGHTEEINS,
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mA (xyyy,zv)

(5.3 BEEFET IV
Fig.5.3 Perspective model
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ABERBHETAEZAAL T, TEXERYAXOENEMO L #HLY 5, B
BIHRANIC &0 2 RIFH K CEERI O TR R 2 Ro 7o, X 5.4 IO fkWilE @), BOo
JEWHE (D) DB ET A DA A= ERT, Sl BEFfE A, TR E I 100

EL L7z, 2k, MIRICCHZECE 28HZINEL-DDTHD, $72, BEHETD
PR L, HEPEIFEIC 2 B XY I F DEEZRE L CHE 21T 7=,

(@) DR WERE

(D)EO DL WERE

X 54 HEYAXICLLZEREFEET LD X =V

Fig.5.4 Images of perspective model in different size of the room
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Fig.5.5 Relation of room section plan and room index
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*5.2 EELER FHEHER

Table.5.2 Calculation result on ratio of ceiling and wall area

A BT SES = BOEBLE | XHOEEL
(m) (m) (m) (%) =30
4 4 3 0. 67 441 28.0
4 10 3 0.95 38.6 30.7
4 15 3 1.05 38.0 31.0
5 5 3 0.83 35.3 32.4
5 10 3 1.1 31.3 34.3
5 15 3 1.25 30.6 34.7
10 5 3 1.1 25.6 37.2
10 10 3 1.67 17.6 41.2
10 20 3 2.22 15.7 4.32
20 10 3 2.22 12.8 43.6
20 20 3 3.33 8.8 45.6
20 40 3 4.44 7.8 46. 1
20 50 3 4.76 1.7 46. 1
40 20 3 4.44 6.4 46.8
40 40 3 6.67 4.4 47.8
50 25 3 5.56 5.1 47 4
50 50 3 8.33 3.5 48.2
. O:E AXHAE
= e et areaa aea e
oo Al
g o asna
) 30 a e
e .
3w R
& ® ¢ooem
}E 10 - o o X
® et ety . .
0
1 2 3 4 5 6 7 8 9

i)

H
5.6 MEELEE EEHOBER

Fig.5.6 Relation of ratio of ceiling and wall area and room index
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5. 4 HFIHBRORE GREHALEMELHAS SEKORR

HABAGHENC 35\ T, JEY) 2R BBABRBE DT L = 4V F — R ORI A B 2 N2 3 5
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#*5.3 BRAREORGHRE-FE () >V

Table.5.3 Design standards for lignting environment — office
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5.7 FHEETIL
Fig.5.7 Model for calculations

(a)EADKENEE (EFL 1)

#5654 ENEICHT 2REEE

Table.5.4 Set value of luminance for room surface

KHM B B BEM BEME R
m 1 | 2 m3 m4 M| b5 m 6
RENEE
15 20 20 20 20 1.5
(cd/m)
3 55 IC FEdREME £ T RIS 2 - MR A OVH 2 X Ei{g & RO ) NB |

EANY . L7z, R CTHREFROTFEINB HEZSE TR T,
BT 0 B BER LRI R O WAL, # 52 1ORL@Y, £74 1 TR, BEH
44.1%, KIFi 28.0%, €7 A2 Tid, BEf 8.8%, KIFi 45.6%THY, HAH»h L,
E7 N1 CIREEH, 742 TRAFMPARE 2ElGZLHO TV S,
AHRR 2D, ETAL, ETA2 LD ICFELMEAZRL TH Y, B D413, 6.7NB,
6.9NB TH 5. —/7, & 2 FCHEM L 7z EBEHlFERF R CfF o MR <, 4P - 13
[l 7 AT D B 12, 7.0NB (FIE), 73NB(HIE)TH Y, Hikd 2 &, Bz ni L

INSWETH B Z B0 h b, 7z, KIFMOTFE, 6.3NB, 6.4ANB TH Y,
AL NEPolz, ET AL,
755 Dk, KHMPIRE L OB EEDOFENCLZDDTH S,

BRI Ho 2L, 74 1 RBEEAS K, T2 3RHAHPES 7280
P, ET A1 OB bTHICEL oz, T b, filfH HEEE &Ei
DEZEHVICOHABT 2HELH 5 T & BHERTE 7z,
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£55 ETLZEOEEBEREB? JEBKR

Table.5.5 Luminance image and brightness image of modesl

EEEE B % S E1&
ETILI
[cd/m?]
KXHMEFELY 6.3NB
BEE L5 6. 7NB
RS 5. 6NB
EfR 1S 6. 3NB
EFIL2 -

1
[ed/m?]

RIFEF 6. 4NB
EmTY  6.9NB
REF 5 8NB
B 6.2NB
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5. 5 ZHEEOMHSZFAFEORE

WAL 774 v Folm#dili s 2 7 ook b &% facim i 7-axat Eog@E e LT, fi
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Fig.5.8 Methodology of luminance calculation of the room surface
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Wik - ~ Rt
59 ALRBEBHICEI>THERAONIEEDA X —2

Fig.5.9 Image of luminance illuminated by artificial lighting and daylight
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Fig.5.10 Flow diagram of luminance calculation under utilization of artificial and day lighting
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5. 5. 1 BHAFEZAALEZAIRRAFERTICE T2 F9EEERAE

MR, ENICHRE S W2 RIASRE o LR oA 3 2 (E2EH I A8 3 5 el
DlecEIh, BENBHKFOEELIEEDO —~>TH 3, 2012 FELUME, LED HIAMRER%
CEHENZ Lok, FEEOFHEEZ IEMEICTHIT 2 20i1cd, HERROCHEE
BB D FHE A KICD W T IS € 8030 JEMN AR B 0 IR EIR 7L 59 12 B THIUK
fba e, MHEROGESMAE LCid, KIE, BERUEERD S 7k 2 EOENHKROH
BT, SENEIFEELRRORNE T, BESMIZIZIE ke T 5, £, HHEKZEIRL
JRE L, ZOEIINERNC L TRRTHZ L LT3 59,

X (5.3) 1%, KI, BEROVEZEM A O 72 5 = VA QMBS R OB i Th 5,

4
E; = Ejp+ Ef(i’ j)XpJ'XEJ' - -+ (53)
j=1
TTTC, WF L gE, 1 RKIE, 3 BE 4 EERRR T
E; DmiORE (=1, 3, 4)
Eio DO /OEERE (=1, 3, 4
Pj D HjOREE (=1, 3, 4)
Ej o mjOBE (=1, 3, 4)
fG,j) : W/ jomIcNT 3EEER (=1, 3, 4)

HGI) T, ERRE Eo 2 EAES AR w1, BEE ZEFRAK g iczh 2
Nz s L, XQ»HLNL 5,

/ 1 —g(l—a)xm —ap4\

Uy Ujo
1-p; 1—ps 1—p, <u3>=<1> - . - (5.4)
Uy Ugo

K
—apq —E(l—a)Xp3 1
| J

Y
1751 A
7T,
K FRE XXY)/(hx (X+Y))
h o VEFED S OBIAZE OB &
) G (== 1F =3V
Yy o {EEEmorl
u - KEHOBEEWEEE (=1, 3, 4)
up - HHE oA ESEFAE (=1, 3, 4)
pj W jORHE (=1, 3, 4)
E . mjolE (=1, 3, 4)
a - TH1OHE4LICHNTIEERE F(4,1)
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uy 1338
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A= = DGR 5 MAREK O [EHIRIE, BIAGER RO L7 - T/ER] © 318
Hrokobhd,

L oC, W= vilx, K(G.5)THonkEARMAEZ AT, K(5.6)

KX oTkdoNn
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Upi=n Xy -+ - (5.6)

Y
Y
e

no 1 aEANEK

B

R (5.6)1C & W EH X - BIHE Ui 2 v, FHWEE E &R L 23 %%5.7), (5.8)
ckhvkpons,

o 1 BEUIE 1B ORFR
M RSP
N o HREERE AR

BRETEEE 7 +—~ v MICHBEEMN (R 5.6) §5 2T, K- EBE-

o xELAH
E . RO FYBENFHECE 2HKEHEY 7 b 2ERL 72,

PRI D FIHHSE & BE -
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#x56 RE- -BEEH -

Table.5.6 Calculation sheet luminance of ceiling and wall area

BE - IBEEE muan ¥ £ A A
ST BRI Eere) I P L? S BEME | E e

sl = & [mmeaes| 0 | ome | en | e | Ee | ose o P o | i | o |[omnn | ooen | T | @ | E | mEm | EE | <HE

Fim | B0 XE | YO Al f 2 o | L el I I | R 1] 0 | [ed/ni) | [od/mi] | [ed/ni)

BHE Lrs3es00Lm-x [ 6,300| 750 21.4 | 7.7 (1648 | 2.7 087 RL 081 27.8( 28| 754 | 28 ol 100 0.78] 11684 257.3 25.0 61.0 243

EHBE Lrs3-6300LM-Lx | 6,300 750| 14.2 [ 7.7]1093| 2.7 0.83| Ruw 081 194 20| 775 20 ol 100 0.74] 10704 3276 25.9 68.5 271

REE LRs36a00LM-Lx | 6,300( 500 4.6| 7.7[35.4 | 2.7 071 RuL 0.81 4.9 6| 614 6 ol 100 061 4960 480.0 208 579 26.3

BT rstaoomx | 1,900) 100 43.2| 1.8]|77.8 | 25 052 | %@ | 063 125( 12| 96| 12 \ ol 100 0.43 361| 1675 33 9.2 590

HEEEEINER 5

5. 5. 2 QIRZHLE-ZENOBRKFARKICHT 2 FOBEEE AL

X511 IR IHBEEZETI2HEICENT, BHZHEL TAHT BN > THFLN B EE
I R QML % S \CHH T 2 HikEaT 35, BRICIX 774V FRFREINTE
D, RRAZLT7RZIECRWEEICHIC T T4 v F2580E 3 2 &, & DR 25
—TH 5 LRET %,

ER
®511 FIREETSERHEETL

Fig.5.11 Calculation model with side window

Y=o E DR 2 R OB ORI 20/ o N 2 HEBEE (3, KTtkovbhn s,

E;= nZ(LnCn) .+ +(5.9)
n
ZZT,

Ln 1 3K (cd/ni)
Cn @ OLIRAEER

PR R OERL 2K 5.11 ORIFEAEICRD, BT XoT, MR
I OFIEZREST O 5, ENMNIFIIFIRECH 2 LRET 5 &, K(5.8) XY ERE
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WECL > TROoNS FREL KD b5,
Kic, BIEOMEREIC X > TRONZFIgHE 2K 5, WHERE E 13, XAOEA
HFEEDNTERE 5,

Er=—o—m—m—o A (510)
S( 1 —pm)
T,
pa 1 AHIHSEMICAST 2B X 3K (m)
S 1 EHNoOXEE ()

pm 1 EENRIE DT

ENOR ST RS E WG Y (R

_2(piS)
Pm = S, -+ (5.11)
T,
pi 1 BHODD BEERER ARME O KA
Si . BHODLEEZRLEERHOMERE (nf)

72, BH2OLENICAS T 2B X 256H1%, HELEN EOBEE L &R ABERE
M o2 6, XATchEzxon 3,

¢pg=M-S,=7L-S, - - -(5.12)

T,
S = EHOMERE (m)

ZOXS L TR RADMEERELFSONS, ENIFHFELHETH 2 LIRET 2 L,
H(5.8) X W HEREIC X > TR O WS FIgHEL kD 5N 5,
INE ThBARLFIEIC &L o TATII L BOLIC X 2 EN O BEH LRI O FIEE 2 H
HEsz e TE 5,
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5. 6 EFIIEIE LI

ARECHELEY, 227 - Trvexy VEAFXERHAT 247 1 25l % E
L, FEFCHERK& OHH 2 SR SBESG L7z, 72, SHEEEAEEZMHAL T, HENIC
di® 2 RIMCEER O EIG % ko, WIHERGHCA S FIA TN Tw 2 Efa8 L oHBEZIH S
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T 5 HERFCHET Lz, AT, MEEZE L2ENOVFEEE 2 &5 i3 2 757k
FREL, ANTHEELBCEHEOHHARRC ST 2 ENOFEHEE 2 % IcHH T2 2 &8
ARE L I o 7z,

ThicX o T, WilflHy 27 2DHEHO PRI TE 2 Z L 2b, AT LMESIEIC
DWTHHLPICTE 72, UTIC, FHEET A2 HICEEH k%2 BRI ICHEES 2,

5. 6. 1 ETFNLEHEZRHG
fiEzZzHLstEET L E LT, K57 TRLEZBHOOKWEE (€710 1) LREOD

JEE (270 2) LRIV A XOEETH 2 ICIEABE L 72, X5.12 1083 & 9 &

EEFEETALLE LI,

i, ETA1LCTRE2NXEE 2m, EFA2 TR 1I0mXEE 2m & L, &5 5 HEE

T D FL TR E L 72,

()EODKVWEE (E7/V 1) DEODEVEE (EFIL2)
5.12 EHEETIL (BHY)
Fig.5.12 Calculation model with window
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AR 2R 5.7 TR T,

F5.7 FEXHE
Table.5.7 Calculation conditions

e =] ATEEH
REgtE w1 (RH) :50% m2~5 (B¥) :30% m6 (BK) : 10%
EEHEE (cd/m) 2,000, 1,000, 500
AIHH 28 LEDJ )y FERER (BBEARRKIIXR 5. 85H)
JHE 3,750 Im
BE KETFHEE0 Ix #HARELT D
EEHE R K EHIZ 5x5=25 5

%7z, SEEH L 72 B oK 2K 5.8 IR,

#* 5.8 MEEAxRK
Table.5.8 Utilization factor table

5 | &t 80% 70% 50% 30% 0%
5 | & [70 |50 [ 30107050 [30]10]70 ][50 [30]10]70][50]30]10] 0%
* R 10% 10% 10% 10% 0%
EXit BEAE  (x 0.01) 20N
0.6 | 46|36 |29 | 2445|3520 2443|3420 24|41]34]28]24]23
0.8 | 55|45|38|33|54|44|38|33|51|43|37|33|49]42]|37]33]3t
1.0 | 60| 51|45 |40 |59 |50 |44 |39 |57 |49 |43 |39 |54 |48 |43]|39]37
1.25 | 66 |57 |51 |46 |64 |56 |51 |46 |62 | 55|50 | 45 | 59 | 53 | 49 | 45 | 43
1.5 |69 |62|56|51|68|61|55|51|65|59|54|50]|63]|58|53]50 |48
2.0 | 74|68 |63|58|73|67|62|58|70|65]|61|57|68]63]|60]|57 |54
2.5 | 77|72 |67|63|76 |71 |67|63|73|69|65]|62|71|67]64]61]59
3.0 |79 75|71 |67|78 |74 |70 |67|76|72|69|66|73|70]|67]65] 63
4.0 |82 |78 |75| 72|81 |77 74|71 |78 |75 73|70 |76 |74 | 71|69 |67
5.0 |84 |81 78|75 83|80 |77|75|80|78|76|73|78|76]|74|72]|70
7.0 |86 (83|81 |79|85|82|80|79|82|80 |79|77|80|79]|77|76]74
10.0 |87 |85 /84|82 86| 84|83 82|84/[83|81[80]82[81]|80]|79]76
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%2> & OEIRIRNE - M 2 R T 2 2o icflifl 3 2 iR AR, m1, 3, 5,
6icxnfLTix, X(5.13)%, Fim& FATLEm4 13, KG14)2/HHL 7%,

z a—x X
F = —O[tan_1—0+ tan~1——2
Loz 214202 + Y2 VZo% + o2 VZo% + o2
z a—x
- 0 [t -1 2 +tan™? ]
2m\/zg? + (b + yo)? zo% + (b + y0)? zo%2 + (b + y0)?

- - (5.13)

! {tan‘1 b=

F = +tan™! Yo }
b2 2m(a — xo)? + h? J(a—x)% + h? J(a—x)%+ h?

b -y, {tan_l a—xg

+ + tan~! %o }
21/ (b — yo)? + h? V(b —y0)?*+ h? V(b —y0)?* + h?

x b—
2 {tan‘1 Yo

Yo
— ——=_ 4+ tan™? —}
27T\/.XO2 + h2 Y. sz + hZ i/ x02 + h2

y—{__} . (5.14)
2m[yo? + h? Jyol + 2 Jyol + 2
5.13 1z, H(5.13), KG.14) ZEHT IR EE B L DMEMBREZRT,
Y Y
a
a
A2 b
A2 b
Xo . X .
Y
0 Vh/7|‘/a . X
2 l
dAl
dAl
(a) vhmhr > EELGEHTE (b) #UED SETEEART

€5.13 THARIHEOHEETL
Fig.5.13 Calculation model of configuration factor
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5. 6. 2

ZREFEEE 28 2,000, 1,000, 500cd/miicEF 3, =541,
%759, #£5.10, £5.11 ICZ2NFNRT,

SHERE L

#5.9

TIEEAERR (REEE 2,000cd/m)

Table.5.9 Calculation results of average luminance (Window luminance 2,000cd/m?)

(BGL cd/m)

2 O 751 DI R R R

REFERE 2,000 cd/mi i £ £ i R

@1 (& 2) (&3, 5) (H 4) (T 6)
ETIL | BREEEE 65. 82 — 33.08 36. 28 13.16
BRAREEE 21. 43 12.86 12.86 12. 86 4.29
ANTERBRIERE 7.73 17.84 17.84 17. 84 9.44
BADAEH 87.25 12.86 45.93 49.14 17. 45
15 94.98 30. 70 63. 77 66. 98 26. 89
EFI?2 | BREEEE 22.79 — 10.08 8.04 4.56
BRI IERE 8.24 4.95 4.95 4.95 1.65
ANIHRBAEE 5.26 13.24 13.24 13.24 9.63
BAasnast 31.03 4.95 15.03 12.98 6. 21
s 36.28 18.18 28.217 26. 22 15. 84

#5.10 FHBEANERR (REmEE 1,000cd/m)

Table.5.10 Calculation results of average luminance (Window luminance 1,000cd/m?)

(BHL cd/m)

RHF* B B B FRE
ZmEEE 1,000 cd/m
(@ 1) (@ 2) (&3, 5) (m 4) (i 6)
ETILI BAEEIEE 32.91 - 16. 54 18. 14 6.58
B EEE 10. 71 6.43 6. 43 6.43 2.14
ATIRBAERE 1.73 17.84 17.84 17.84 9.44
BArHEE 43. 63 6.43 22.97 24.57 8.73
feEt 51.36 24.21 40. 81 42. 41 18.16
ETIL2 | BRAEEEE 11.39 — 5.04 4.02 2.28
By EEiEE 4.12 2. 41 2.47 2. 47 0.82
ATREAERE 5.26 13.24 13.24 13. 24 9.63
BArHEE 15. 51 2. 41 1.51 6.49 3.10
e 20. 71 15.71 20.75 19.73 12.73
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*5.11 FHEEFEFER (REEE 500cd/n)
Table.5.11 Calculation results of average luminance (Window luminance 500cd/m?)

(BfI cd/m)

EEE 500 od/nt XH* B B B FRE
(@m 1) (mE 2) (@ 3, 5) (m 4) (M 6)
ETILI BRAEHEIEE 16. 46 - 8.27 9.07 3.29
B EiEE 5. 36 3. 21 3. 21 3. 21 1.07
ATREAEE 1.73 17.84 17. 84 17. 84 9.44
BAHEE 21. 81 3. 21 11.48 12.28 4.36
fEt 29.54 21.05 29.32 30. 12 13.80
ETIL2 | BRAEEEE 5.70 - 2.52 2.01 1.14
BIrEEEERE 2.06 1.24 1.24 1.24 0. 41
ATIREAERE 5.26 13.24 13.24 13. 24 9.63
BADEE 1.76 1.24 3.76 3.25 1.55
feEt 13. 01 14. 48 17.00 16. 48 11.18

HEAER R RIS, B AIC X o> TR L MR, AT Z 02 7 WA i X O
FNFNOHSE XEGEER 512 (£FF0 1) KUFES5.13 (74 2) IRT, #FICTIE,
BH2 S HBREEROFY NB 2 S#I1Ciid, 72, £5.141C1F, HZ SERICES T S 1H#
DV NB EZ RS,
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%512 BHXEATRBAICLZYIaL—YavER (E7L 1)
Table.5.12 Images simulated by daylight and artificial lighting (Model 1)

BN H RBRyt+ N\ THERER
EEIEESEY —
18 RE {8 BA % S E& P8 L E {8 BA 5 S E&
REIEE 2,000 »
cd/m lod/n]

108

102

EGTEY 7. INB EfgFH 7.3NB
ZEFEE 1,000
10
cd/m
A fNg
i 13
EIfRFH 6. TNB BIfg Tt 7.0NB H
EEEE 500 10
cd/m 573
6
5
y 4
; g 3
B2 FH 6. 3NB B2 6.6NB 2
#5.13 BHXEATIRBBICLZYIaL—vaviER (EFL2)
Table.5.13 Images simulated by daylight and artificial lighting (Model 2)
BN H R+ N\THRH
EEEEEY —
BA % S EE IEEE R BA % S E1E
ZHEIEE 2,000
cd/m =1 (- = [cd/ni]
103
BT 6. 4NB EfgTF 6. INB 102
ZHEIEE 1,000
R 10
od/m | | =
> )
> (NB]
B8 T 5. ONB Efg T 6. ANB 3
REMEE 500 T
9
d/m 8
od/m ] [~ ] 7
6
5
4
B4 5. ONB B FH  6.3NB >
1
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*5.14

Table.5.14 Average of NB in brightness images

A2 S ERICE T 5EFDOTHE NBE

N BHEEE i X#F @ | B (@2 B (@ 3) B (m4 K ( 6)
0.
cd/m T NB 15 NB 15 NB 15 NB 15 NB
S 1.4 8.7 1.0 1.3 6.0
2,000
E +HR 1.4 8.9 1.2 1.5 6.3
T b 1.0 8.2 6.5 6.9 5.6
1, 000
)12 i 1.0 8.6 6.9 1.3 6.1
1 b/ 6.6 1.8 6.1 6.5 5.2
500
i 6.7 8.3 6.8 1.0 5.9
St 6.9 10.7 6.4 6.3 5.6
2,000
E +i8 6.9 10.8 6.8 6.8 6.2
T b 6.5 10.3 6.0 5.9 5.2
1, 000
)12 +iR 6.5 10.3 6.7 6.7 6.1
2 * 6.0 9.9 5.6 5.4 4.7
500
+iR 6.2 9.8 6.6 6.6 6.1

B (H2) d&Em%

G NB 2R,

koS b, [BX] ZBX DA, B+ 3B+ N TR 2 7R3,

#5.18 13, EFCCHIV 7 IIAS O LI G ) O 5 X iR [ DI 42 i ¥4 NB il
ESEIORY, 72, R5.191CIFH 2 JW{RICH T 5 HEOFE NB 2R3, KU

DEWVICX 2ENOHESAZBICTFHTELTENTELZ LB 5,

%518 ATHBICLZYIalL—YavER
Table.5.18 Images simulated by artificial lighting

RERH

ETFILI

ETIL2

EEER

BA 5 SEfR

EEER

300 Ix

E{&F1 6. 2NB

B3 SEfR

E{& 1 5. 9NB

500 Ix

E{&F1 6. 2NB

100

[cd/ni]
103

102

10



#5.19 B3 IEKRICH T 2EEBBDOFIINBE
Table.5.16 Average of NB in brightness images

ETIL REFY | X#H (@1 | B (@2 B (m3) |2 (@4 | K (E6)
No. RE 15 NB 15 NB T NB 15 NB T NB
ETILI 300 Ix 5.8 6.6 6.7 6.7 5.8
. 300 Ix 5.6 6.6 6.6 6.6 6.1
ETIL2
500 Ix 5.9 6.9 1.0 6.9 6.4

Cokoic, HIEEZELZEND, BREKCATHHEIC X > THRLNEKH, BE Ko
PR 2 RN 5 FiEE VT, SEBICHEES M2 L0 TE 2, fFo NS
iz HICHH 2 SERICZT 5 2 & C©, EEOHZ JREERNICHZ Z LB TESL XD
K otz, YIalb—vaviERICEnTd, ENOHZ SHRIZ, BHEHIOME L OXtt
REBTHENTE, HENHKOKZWTY 7 CIINBEBMMEL 223 2 EBREIN
TWw3, BV AXDELEZETALL EETA2ZHIEL T, BEERMOMNBERGRICL >
THEHEYNCEIHEINTHE 2 B3 0h 5, /2, BXoERI R hbicoh, EX
DL NBEAME T T2 2 b REEXINT WS,

COHBEREEFATICLICXY, HEXORESE ANTIHIFTH S 720 O A
KEET I eRafEE ks, —fHlE LT, EFA 2B WTCEMMEE 500cd/nd D5
To, AL X 2 REFHIEE 300 1x % 500 Ix ICZHE L =560, ENORE S &
V2 SEKOZ %Ry T2 —va v L, £5151F, ENOFHEOFHRGEREZ TR
¥, £5.16 1%, Bote NLHBHOGKIC X 2 MG & H 2 SHEfREZRT,

*x5.15 FIOEEAERR

Table.5.15 Calculation results of average luminance (Window luminance 500cd/m?

ETIL2 XH B B B RE
REFERE 500 cd/mi (@& 1) (@2 | (@3 5 | (@A) (@ 6)
RETY | BREREE 5. 70 - 2.52 2.01 1.14
R BRARAEIEE 2.06 1.24 1.24 1.24 0. 41
300 Ix AT 5. 26 13. 24 13. 24 13.24 9.63
B ast 7.76 1.24 3.76 3. 25 1.55
05 13.01 14. 48 17.00 16. 48 11.18
RETEY | RAEEEEE 5.70 - 2.52 2.01 1.14
el B RIEIBE 2.06 1.24 1.24 1.24 0. 41
500 Ix | ALERBASEE 8.74 22.02 22.02 22.02 16. 02
BN EE 7.76 1.24 3.76 3. 25 1.55
st 16.50 23. 25 25. 77 25. 26 17.57
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#5.16 BAZ IEKRICH T 2EEBDOFIINBE
Table.5.16 Average of NB in brightness images
RERE Ix HE R ER B % SEfR

[cd/ni]
103

300

10

E{&F1 6. 3NB

1
[NB]
13
12
11
10
[z | — ] 9
500 8
7
6
5
4
3
BEI{RT5 6. 5NB 2

FEE R ICE WCIE, ATHPFOH T OEWIC X 3EOEWSRIERINTVE, —
75, B2 X[EfRCIIPRI M OVBEC NBAEAAKZ K e o T3 T L A3 h 5,

#5.171%, B2 IHRICH T 2HMO T NBEZ RS, #ikH 5, IKESCEEHR O NB
ENRKELRoTWE I AR TR, ZoREEIX, B 2,000cd/nil &[5 7¢
> TWb, —F, B2 HT58M2 Ci¥, ANLEHDONOMERIC X - T, RIMEE L OX
HANE Y, HTCTH2HBEM2D NBIEA T - T3 2 & H50H 5,

#5.17 BAZIEKRICHIT2EEDOFINBE
Table.5.17 Average of NB in brightness images

No. | RERRE | & | X#H (@D | B (E2) B (@ 3) B (m4 K (m 6)
Ix 1 NB 15 NB 15 NB 15 NB F 15 NB
€
_ 300 B+ 6.2 9.8 6.6 6. 6 6.1
F
v
) 500 B+HR 6.3 9.7 6.9 6.9 6. 4

TN 2 ORI 500cd/mM D7 — 2T, WHEGEOMREEZ L 74 — Ky 2§
58T, BXZTFTIIARL T SEEH, KIFMOMEZMMA S X 5ic, NLEHDK
EMER 3001x 225 500 Ix ICEH L7z, TN X > T, FIEHEE DS WIRFE & RSO 2
XEEIE B Z L MR TE 7=,
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CDXI Ry Ial—vavEBEVRTILICKkoT, BIHE T T4 v F oI
27 LORIEEELZ PPl 2 2 LB TE S I EARI NI,

¥ 7z, W EBNOECIRERZE L, IRKEFPFEREE 300 1x 07— &, KM
R L MR S ISR BT HE O R HHIHE T H 5 15cd/ MR 2R CE 2 EE L LT, ®
FA1TIE600lx, EFTA2TIE80IxDyr—R%2y Ial—vavli, &bl B
MR 70%DHG 774 v FBARLTw3 L EEL T, 2 &KL CHERH 21T
o7z, PEEE OFHEA R 2R 5.17 1G0T, 72, FIEMERZEICER L 7= M 5 & B
2 X% & BRSO T NB 43 5.18 ICR3, 3 5.19 113 2 X W{RIC BT 2 HET
D NB iz 7”5,

&517 774 FE2ERLIAIRAOTINEEAERR

Table.5.17 Luminance calculation results by artificial lighting with blind (84 cd/m)

r—X | K@ RH* B & & RE BE
RE (@ 1) (m 2) (m 3, 5) (& 4) (T 6)
EFI/L1 | 3001x 1.73 17. 84 17. 84 17. 84 9.44 41. 62
ETI/L1 | 6001x 15.03 34. 69 34. 69 34. 69 18.35 80. 93
ETI/L2 | 3001x 5.26 13.24 13.24 13.24 9.63 30. 89
ETFI)L2 | 8501x 14. 96 37. 66 37. 66 37. 66 21. 39 817.87
#518 7IAVEAEERLEZAIRBBICLE Y IaL—Y a3 VvER
Table.5.18 Images simulated by artificial lighting with blind
ETILI ETIL2
pEREETL S BA 5 SEfR 12 ER B % SEfR

EFJ)L1:300 Ix
EFI)L2:300 Ix

E{RF 6. 2NB

E{&F1 5. 9NB

PRESFIRE
ETIL 1:600 Ix
ETIL 2:850 Ix

BE{&F1 6. 6NB

E{&F1 6. 6NB

103

[cd/mi]
10°

102

10



% 5.19

A2 S ERICE T 5EBDOTT NBE

Table.5.19 Average of NB in brightness images

ETIL REFY | X#H (@1 | B (@2 B (m3) | = (@4 | K (E6)
No. MR 15 NB 15 NB T NB 15 NB T NB
) 300 Ix 5.7 1.1 6.7 6.7 5.8
ETILI
600 Ix 6.2 1.5 1.1 1.1 6.2
. 300 Ix 5.6 1.4 6.6 6.6 6.0
ETIL2
850 Ix 6.2 8.1 1.3 1.3 6.7

774 v N R L 7RI R O RS S A B O RS TR % HR i 285 L 72 B 2 X {523
BWUNTIERR S N2 & L ATER T & 72, IR 300 Ix o856, BEmoO B2 #20 o K& »
EFN1ICET S, BEHOFE NBEIE, 774 FobsiH 25 7.1NB, % ofttdBER
THBMH3KXUHEH41Z6.INBTHEDICHRLT, EFTA2 TRZELYDKEL 3K
HOTFHINB 25 5.6NB &7 b, B2 XESFET 2 REMNSH 2 Ll cE 2, C0
A, ETA2ICEVWCRBHOE % B2, KAmOEEZ &0 2 MHFE AT 2
ORI L 5, WO M) % ETIRIMERE % &o, @ SRR RO
GHAYEME (K @ 15cd/ml, B : 20cd/m) %FEMRT 2720k, KEFHBREZET V1
Tl 6001xic, EFA2CTIE850Ixicd5&, EFAL1DHE3 KUMH 4 3 7.INB Ic#ES
=T, EFA2DORIFEIBBNTIZ62NBICHET Y, HE IEORENKETE T
ZLIEFEVEG, koT, EFA2ICBVTIEET A L ICH_TRE BT (1)
RO THHFNEHEOKRE WRHHOBEEZFE TERWAD, 72 OIAFED
RELSHE BT 3,

TDXHIC, ZOENEEOMS FITFER, KoY REEL2 kD252 LHnT
&, RFEIAEY AT LOBEHOFHEZ T T {, BXZ &G B W TP 2 B
DIZICIEHTE 2,
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5. 7 FHEDXLY

FHEFETIE, WL 774 v F ol 2 7 2o AL T <, HlE otz
fii 7 i FHIC & BRI TR I oW TIRET L 72,

5 1LETCIE, GaElE o 2 7 L o FALIC T T DEREE B OREZ G L 72,

g 2ficix, flHOFHET ) 7 oRESCHIEHEREEOSE L b T — 2 2 INET 2720
WoRICE T B 2R 7 -Tvexy MERAZERHA L 724 7 4 X7 EOFEREFHE 21TV, BEAIC
FCRE U 7= BEHERGET i 2 B L 72, 2 ofS, RIFHICBEH DAL % Bl 3 2 HIH 528
LI NTWE Z LD EETE 72,

5 3 Hicl, fIHOFHMET Y 7T OREERRET 27201, BODOH 4 X0RE 5 _D>D%
TNEICH LT, BB EIRN O K, BEomgE & EFRBMORRE R L, E8H4802.0
PlEicswTi, RAORZ#H2 VEBSKRE L A2 Lo, RAHEE ICHE L 72 HEH
REITHREETH L L EIHL I,

AT, FlfEo HEEORE ZRET 5 7-01c, EEFABYBEHRECED b
ﬁiﬁﬁ%%xt%wa®ﬁﬁﬁ@&U%5éﬁ@%ﬁﬁb 5 2 B AT o 7= BHEH
FEERORER & L L 72, D CTED 2 HHEF, TREHMIcE L N-ERE L vV B EVETH
5 EBWLPITTR 5 T,

555 HiCIE, EREEOM S T TFEZBRET L 2. ATIHBIC X > THEZ b0 2 BEH L O
KIFM DIz, MR ZFH L CRECTE 2 5EzRE L 2, Bz H T 2 %E/IcE
WO 2 —RRIEEE & ROE L 756 0, BRI R K O FIHEIE &2 S 5 % 5 2 BRGET
L, ALK L BOLZ Abd 2 E D O T2 /R L 72,

Fofici, BB THTEEZHCCETAGREZITY, Hills 27 L 05HH 7T Tk <,
Bt ORI RICE W TENTE 2 FETH LT L 2R LT,
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(%8 5 o S#E k]
5-1) H AR A BREEHYE AIJES-10002-2016 HAHABREEHIME - [Rfiad
5-2) HA T 28Ik JISZ 9110 ; 2010 HEHARLHERH
5-3)E 1 ASBEREEF BT RGN - BRGNS SRR MR ET EEE TRk 27 K
5-4)E LASEA KEEE BT ERRRM - RS BEERMEEET AT RO F5] PR 27 iR
5-5) HA LRIk JIS C8030:2014 EEMHABAER B o MIBHRERFIE /i 1-D IR 2 IS B L o f5 8l

106



107



108



6. 1 XHARDILH

AR ClE, BYDO AT 247 4 RicH»CTHERBE OB & 8 = 420 ¥ — 1 % iz
LGl 27 2L LT, CCDAXZCHUGT 2 EmEEZFHL 7, WHE 74 v
F ol s 26l e 2y 2 2WEt Lz, $72, #2742 BB @#YICEM L,
ZOERMEEFEIEL 72, £/, Eikv 27 L0ER, ThkEzHIEL T B22HT2END
M 2 5 I TRl 2 FiEz et L, ST v 2HeTARRE Y X7 4 ofillf#l o
AR TFHICE 22 &R Lz, TS, AR CRONEmE T T,

(1) P2 XHRZ A L 7 HBAHI6E

HABARIGE > 2 7 0%, BN OMEE 342 D28 L 7200 2 WG Z M L <, EWNIC A
2B ROIEENC)IL U CRHi= Y 7 O HIE NB iz b P WEBJ)CffRF T 5 X 5 1,
Trvery FBHOFNLEEGEH - THICERL, HfHTEbDTh S,

4lal, CCD # A 7t FAE {5 & = U 7I1Ch 3 2 F5E A2 M, AHT 2B
DEZHEIHLZDL, FHiiz Y 7AHE NB xR 2 20 0 M EHEE % HICHFH5ED
Wb DA LIEIC NTHHOTDERZHE T 20y y 7 2 REL 72,

HIENB ofatfie 72 5, W2 KB FHIFH % Ko 2 720 O FBIFHHEB 2 17w, 1K -
HEMRFHEORIE IR, FIEOEE T 7.0NB, EIETIX 7.3NB & k-2,
BRELGIHe Yy 72 FEE LT veTy FIBIHEIHE S 27 L2 RE5E L, ERoEY
TiHiiz YV 7 o %z 7.5NB L& U CHAEFERE T o . ZOFER, ZHT3BHKT
CHWTH, HENB ZiiedsLkdic7 ey MNEPARHIEITE 2 2 & SR TE 72,

(2) MEEEEREFIHLZ7 24 v Pl

CCD # A 7 CAEKT 2 MERGZAML <, Bl» >Rz 23 EEYIC X 3H0E,
JELED > & D RS E R G0 CRHEICE 5, 774 v FOELEGHETEZIREL
= &, flfHlomm#Elz By L LC, MEREROERITHE—D Y v v X —2 v — F(1/200
) cicE (BSHE) U722 It U7z, EHDERRE L v S o SRR o i3,
WEEEa v 7 A b (CfE) &xPE0EE T (AfE) 07 40x) v ick>CHEETH B C
EERBHL T L T,

KIS AT LEBAT7 4 ZADT T4V PRl 27 2@ L, IBRACPERKH AL DE
2 T RIEZAF FIc BT EEE e FUEY o K et 4 2 2 LA cE, HEHED
ZUHEEH S I L7z,

774 v vorLTHflooIc, BIOHEEEIERIC T Z 4 v N OHEE IR HifR % H A
Hhbtdl, ENPLRABREOMEERZECKLEZ2MALZTI4 v FORTy M A%
HRECTEZREYW S XHEHERRE L2, 7794 Y FDOR T v EMEDHEE L, B D
MR R D Eeoy % ) T L 72 KZE ) T~ BRI, FTEnx ) <
L L7218 7 < EHR O L 2> b B3 % 77k 2 et L 72, HIE ORIfE X, BE L 7-
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NB i & Z OFEEERIC X > CTHIW3 2 2 & 2MET L 72,

(3) WEHE 7' F 4 v F ot

b7 ey FEBHEIE, 774 v F OBESEHE HIE K OB 2 X ) E I 2
AEbRIBIHE 774 v FOWgRGlH s 27 228 L, FEBOA 7 1 ZIHEH L SEEE
FERZAT o 72,

B v —%FIH L 27k ol X © b 2 —E HEHERGIHE & o RO F5 5,
—E R EHEARTIE T Iic s i, BEEEAE ORI, B2 JEEET S22 lREERH 5
TERRLEZ, —H, FEY AT LCE TR, MENLEZZELZGIEHTH 2720, B
HEEE D K/NCBAD HF—ED NBEZMFET 2 X 5 Il cz 2 2 L 2R L 72,

ZSTHI A R I, 25T 2 X CHIERIENIC X o ¢, BEME 2 (KK X &2 25 v + AflilE %
FEHR LT BB HDbE T, BEMEZEME L2527 v FAflEE, 774 v FH
WX D b7 WIBIHE ) T2 o HIE NB fH 2 AR 2 HIAHIESHETE 2, 2h
Ik o, B2 SHERIEOAMIC X 2ERHEKERCTIE, BRIOWHSZ I 22X 2030
M EE ) ZHICcE 2 2 L ZHL T L2,

BB T 2 ERERT & L <, BREMEEZRTIEEE L 7o 5 22, WELL ik (verl) ®
AHIEE T — AT 4 7T v ) RLCRBEE SN FMA Z 7 vy 7 WREZH WL 72,
ZEfRE I, REAGIHICX 27 74 v Pl EiEe 2T LI X 27 7 4 v Fifilflo Hig
BREEDFER, HHEEYc X 2807k &2 BEYNICRAITE 2 EIE Y X7 413, ZEREIEH R
W< & BHIEIHEICHRTY 774 v PR X VBRI > -2 e pdmEns, £
7o, FiEY AT L0E, FfiA 7 /vy JIMEOMIRICDETEG TE 2 2 L MR TE 72,

LAER#IET 2L, CCD A A7 CHUS L -l ZEIc LRI E 777 4 v F ol
s 27 203, BRIOWEZIMZ 3L ICX>oTENDOW S XE%E 754 v FEIIE X
DL WENCHERMET 2 A TE, HIREoPLEE L B AL F Rl T
5 ENTEDLILEINLT, T/, BYIREDLHENRTE 2220, 774 v FORK
Rz R 32 2 e T, BREMEU@EM: 2 L 0EN R b ffcE 22 L 2R L 72,
¥ 72, FEHOEHEZICENTY, ZEBLD7Z0DHELE +2% 4Wh/ni% F[al 3 3.29Wh/
mMAERL T3 2 L 2MERTE 7,

(4) el % L3 5 72 OFREHE
REVATLOFEAMM L E RO oGt LofEE Mt L, SIHEEL 5 2 2 3=
V7 OFEEHIHHEOREDSIEE 2T —2 L LT, kDX R - Ty b#
HHA 7 4 A FRERE 21T\, MEEEICHE L 72 BBHERGEH T2 s L 7=,
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The primary energy consumption of lighting in office buildings accounts for about 20% of
the entire building. To realize the ZEB (net zero energy building) that the country is targeting,
even in lighting equipment, energy conservation measures such as the adoption of task &
ambient lighting, introduction of lighting control, daylight use are desired. Also, in recent
years, environmental building considering improvement of intellectual productivity and
health promotion of office workers is beginning to be demanded, and daylight use is

positioned as an essential element from both sides of energy saving and health and comfort.

1. Conventional system

Horizontal blinds (Venetian blinds) are installed in the side windows, which is a daylighting
method for office in office buildings, to shield the solar radiation. Since it is possible to
improve the energy saving performance and the viewing ability by lengthening the openable
time of the blind, it is required to make an appropriate judgment as to whether or not the light

shielding is necessary for each window plane.

In the conventional lighting control at daytime using the illuminance sensor, the dimming
of the lighting fixture is performed so that the illuminance on the desk surface will secure a
fixed value according to the amount of daylight incident. For this reason, since it is not
possible to detect and evaluate the sense of brightness of the space, it is not guaranteed to
keep the sense of brightness appropriately
In an office that adopts task and ambient lighting, development of a lighting control system
having luminance and brightness perception as an evaluation index is needed to create a high-

quality visual environment with adequate brightness.

2. Purpose of this research

The purpose of this research is to develop logic and system for controlling lighting and blind
based on luminance image obtained by perspective projection of space and to clarify the
usefulness of the system through demonstration operation. In addition, for the practical
application of the system, it is also to propose a method that enables the design practitioner

to easily predict the indoor brightness distribution including the window surface.

3. Proposed system and operation

The developed system consists of "luminance measuring unit", "light environment
evaluating unit", "lighting control unit", "blind control unit", and generates outdoor and
indoor luminance images in real time using CCD cameras. The dimming rate of the ambient

lighting and the slat angle of the blind are automatically controlled using the luminance
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distribution. For the quantitative evaluation of the brightness, we used the "brightness scale
value (NB value)" representing the brightness perception and "brightness image" having the

NB value at each pixel of the image used.

(1) Development of lighting control method using brightness image

The sense of brightness of the space felt by humans is influenced by the luminance
distribution of the part with a large proportion in the field of view, such as walls and ceilings.
Therefore, by appropriately forming the luminance distribution of this portion, the sense of
brightness in the room can be improved.
After calculating the amount of daylight incident on the evaluation area (area where you want
to maintain the brightness perception) set on the brightness image, the luminarias are
dimmed so that the NB value of the evaluation area is equal to the target value.
After calculating the amount of daylight incident on the evaluation area (area where you want
to maintain the brightness feeling) set on the image, the illumination is dimmed so that the
NB value of the evaluation area is equal to the target value.
By repeating the evaluation of brightness perception and the control of lighting at appropriate
intervals, while maintaining the target NB value of the evaluation area in accordance with the
variation of the amount of daylight incident on the room, the sense of brightness necessary

for ambient lighting can be maintained.

(2) Development of blind control method using luminance image

Based on the outdoor luminance image, the presence or absence of a high luminance
portion due to direct sunlight or glare reflected on the glass surface is detected to judge
whether or not the blind is shaded.
By this control, it is possible to enlarge the blind open ratio (porosity) by evaluating the
influence of the shadow by the facing building seen from the window surface and reflected
light from the surrounding buildings.
Also, by predicting the brightness of the blind surface and superimposing it on the outdoor
luminance image, a predicted luminance distribution of the window surface is created. Based
on the converted brightness image, the slat angle is calculated from the NB value and the area
ratio occupied by the NB value and more, and blind control is performed with reduced glare

of the window surface.
(3) Proposal of design method for constructing cooperative control

The design problem of the development system is to establish the following.

(D Setting the evaluation area giving the control target value of the brightness feeling and the
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method of determining the control target
(2 Simple method of predicting spatial brightness when daylight changes and brand slat angle

changes

Therefore, in 2013 surveying cases in Europe and the United States where task and ambient

lighting is often adopted, and classified lighting design method with consideration for
brightness.
It is also clarified that the correlation between the area ratio of the ceiling and the wall in the
field of view and the room index so that the setting of the evaluation area can be easily
discriminated. (The room index shows the relationship between the width and the depth of
the room, and the height of the light source, and is used for calculating the average
illuminance.)

This facilitates the setting of the evaluation area from the planned room size.

As a simple prediction method of spatial luminance, we proposed a method for calculating the
brightness of artificial lighting using the illumination factor expressing the characteristics of
lighting equipment. We also proposed a daylight luminance calculation method which is
obtained by the sum of direct luminance of daylight entering from the window surface and

indirect luminance of incident daylight.

5. Conclusion

In the task & ambient lighting office with electric blinds, the following was confirmed by
controlling illumination and blind based on the luminance image of the CCD camera. (1) the
blind slats are properly operated even under daylight fluctuations, (2) the lighting is dimmed
to maintain the target value of brightness
As a result, compared to the conventional control method, it showed that maintaining the
sense of brightness in the room, energy saving of the lighting, opening the blinds is enhanced,

and clarified the usefulness of the system.
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