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(3) Aol 7hs ok gt
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AFHEZ ol gsle] #d 5 BEIE /HHE G5S BN = WS o7t
A 7F doh 2 F AREAQl Ao == Ad $5 % W (Linear Congruential method)©]
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(Al 223)37} 2
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(Ray-tracing Technique)
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AP ANFE (v, y, 29 FTHE (1, 6, ¢) Alolol= (A 23.2)7F AHI(HE

A 9] 1976).
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243)= )| = A& YE Aot
n =int[{153(M —1)+Z}/5+D] (A 2.4.3)
o] 714, M<3 dul| z=2
M=>3 duf 7=9
int[x]= x o &g Fis AL A5 Fids UERY
&

BB (A 2.44)9 o] ol FALm)S ol &ste] AL

B=360”3"T§1(°) A 2.4.4)
B A9(0)s (M 245)0 oa] FAHo® AsE = A
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TAAHE)= o B FAIeE eSS ztols ek, (M 2473 2 A
of o +& 4 At

E= %(9.87 sin 2B —7.53cos B—1.5sin B)

=0.1645 sin 2B—0.1255 cos B —0.025 sin B (A 2.4.7)

A Yol AT A 2EEG A55] AN %] AAAG AF H
Fol o3 £EE dolof s e Forth Fasth ATl A5, A4 AT
Aelel 9w xR AR AZe71e A Bobsach S Be Aol o

A AAl Ay e vsd e Rdso] v

CIE & Kittler & #HH 3 X9(Kittler 1965)¥} Pierpoint &] F& HH¥ =
(Pierpoint 1983), Moon ¥} Spencer ¢ 313 X % (Moon and Spencer 1942)2 3 %
& 2dE AYsilth CIE 27 933 EE2 o] ks -5l 7he] Qtro]

= Aor JHE%Y. Ty o A QoM el dA e dEHe T AR A4S

1993)0] g}k & 4= gl

Perez 9t 719] 85 AAl H¥ Aol dAl HolHERE HEol BX

fiju

2Agslr] 93 7]E2] W (Brunger’s model, Harrison’s model, Kittler’s model,
Matsuura’s model, Perraudeau’s model, ASRC-CIE model)E©] 7}A]aL Q&= 2 7FA] 7]
Al S G =S v Lkl th(Perez et al. 1993).

O] [E 24.0ME 24415 2A AFH Perez B9, 7]E thE AT RHE]
1 2AHMBE), W#t Al LAHRMSE)S Hlalg Zloft},
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[E 24.1] A HZ dEfolAMe MFZ 2 H|W

Entire Zenithal Sun-facing E/W-of-sun N-of-sun

Sky Region Region Region Region

Hid= 4748 4294 8377 4003 3446
MBE RMSE| MBE RMSE| MBE RMSE| MBE RMSE| MBE RMSE

ASRC-CIE =75 2113 87 1920 -10 3776 -42 1396/ -361 1250
Brunger 227 2312|207 2092| -489 4157| -268 1511| -333 1344
Perraudeau 26 2553| -250 2238 36 4097| 111 1913 112 2147
Harrison 197 2363] 283 2045 -1063 4324| -195 1522 109 1356
Matsuura 161 2443|267 2255| -1058 4451 -27 1489 -46 1426
Kittler 229 2520 461 2350 -1373 4536 -165 1552 -6 1552
Mean sky 0 1880 0 1768 1 3319 1 1264 0 1079
Perez Model -12 1966 23 1846 -24 3469 -41 1320 22 1144

[E 242] X3 defoiMel H3 2 H|R

Entire Zenithal Sun-facing E/W-of-sun N-of-sun

Sky Region Region Region Region

Hit 3= 3808 3040 7155 3199 2757
MBE RMSE| MBE RMSE| MBE RMSE| MBE RMSE| MBE RMSE

ASRC-CIE -101 1051 -23 1135 100 1736] -125 681 -310 713
Brunger -275 1350 96 1072| -394 2442| -310 887 -453 910
Perraudeau -340 1434 121 1032| 393 2175 -579 1182 -965 1390
Harrison -300 1334|261 1014] -664 2374 -441 1013] -224 726
Matsuura -102 1051 =22 1135 95 1734 -125 681 -312 715
Kittler -252 1163|450 1196/ -394 1833| -383 849 -534 860
Mean sky 0 773 0 761 0 1307 0 543 0 472
Perez Model -10 905 -18 897 5 1558 -103 587 177 585
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E 243] #2 SH3 YefolMel M3 29 8@
Entire Zenithal Sun-facing E/W-of-sun N-of-sun
Sky Region Region Region Region
Hid = 12067 14238 18393 10244 7954
MBE RMSE| MBE RMSE| MBE RMSE| MBE RMSE| MBE RMSE
ASRC-CIE 36 39521 193 4038| -999 7018 573 2474 -282 1981
Brunger -26 4423|534 5009 582 7676| -553 2605 -43 2172
Perraudeau 161 6144| -1665 5872| -3412 9120| 2736 4631| 4829 5743
Harrison 57 4382 401 4404| -3195 7772 519 2607 1722 2666
Matsuura -431  5877| 1242 6021] -7319 10660| 426 3077| 2420 3558
Kittler -365  5981] 964 6085 -7379 10765 591 3176| 2736 3829
Mean sky 0 3721 0 3960 2 6584 0 2212 0 1929
Perez Model -38 3790|340 4027 -501 6662 -85 2304 110 1989
[H244] O{F2 HES YejoiMel HZ 2 H|R
Entire Zenithal Sun-facing E/W-of-sun N-of-sun
Sky Region Region Region Region
B3 = 1114 1313 1109 1055 1043
MBE RMSE| MBE RMSE| MBE RMSE| MBE RMSE| MBE RMSE
ASRC-CIE -59  554] 108  402| -146 752 -88 523 -88 533
Brunger 24 527 42 377 -87 717 -28 496 -25 507
Perraudeau 95  586| -180 438 243 773 139 555 148 574
Harrison 15 596 -45 457 356 888 -40  513] -122 545
Matsuura -59 554 108  402| -146 752 -88 523 -88 533
Kittler -59 555|109 403| -147 752 -88 523 -89 533
Mean sky 0 497 0 357 1 670 0 469 0 484
Perez Model -1 521 -18 372 -41  706] 23.5 493 2 504
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24.16)° o8 25 5 Utk

1
k, =—1 (A 2.4.13)
IOh
o] 7] A,
kr: AIZPE A= AR

I
I—d =1.0-0.09% (k; <0.22)
T

=0.9511-0.1604k + 4.3888k;” — 16.638k” + 12.336k:*(0.22<k;<0.8)

=0.165(0.8<ky) A
2.4.14)

Ipyp=1Ir—1; (A!
2.4.15)

IDN = IDH /szn(a) (AI
2.4.16)

o 7] A,

Ipy: FEWE 2 Al (w/m?)

g Br1a)E AXtsty] sk, F3A dizle] FAm)e tr1d Brel A
UArt(Ion)#kel Hastrh o]l HE A4 As w HApo] Fxst= div]e] +
Aot dole] f1AeA FItets thr] FACke] Bl&l FEA div]e] FAE (&
24.17)°l oJsiA fojxith

-
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(1< n <365)

M

_‘(3;“:.}\

1 42 5E9

AVt g 9] el g

2.4.19)9} 2t}

(2! 2.4.19)

F(eAZW) = a,(e) + bi(e)fiW) + c(€)g(Z) + di(e)h(A)

1714
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Z % (Eqn) St
T Atk
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Eav = MAX{0,Ipn[a; + bW + ciexp(5.73Z-5) + diA]} (A 2.4.20)

Eg4u = Egn X sin a; (A 2.4.21)
Eg4v = Egn X cos a; (A 2.4.22)
o 7] A

Exn: BAW AY 25 (lux)

H Ad =
Eg: 799 A 25 (lux)
T =

= (lux)

a, by, ¢, di 0 A2 o PR A (F 245 FF)

[E 245] 2 Ao HESE AF

d8 =(e) a B; G d
1 57.20 -4.55 -2.98 117.12
2 98.99 -3.46 -1.21 12.38
3 109.83 -4.90 -1.71 -8.81
4 110.34 -5.84 -1.99 -4.56
5 106.36 -3.97 -1.75 -6.16
6 107.19 -1.25 -1.51 -26.73
7 105.75 0.77 -1.26 -34.44
8 101.18 1.58 -1.10 -8.29

TEY B 22X (B Uad 2ol (M 2423)08 7 4 Tk

EkH = Id[ai + bIW + ciexp(Z) + dan(A)] (A! 2.4.23)
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1714

Ew: 39 giF 2% (lux)

Ao o8] el A ([ 2.4.6]

a;, b, ¢;, di :

GES

[E 2.4.6] 3L Ao HESE AF

7 = (e) a b; Ci d;
1 97.24 -0.46 12.00 -8.91
2 107.22 1.15 0.59 -3.95
3 104.97 2.96 -5.53 -8.77
4 102.39 5.59 -13.95 -13.90
5 100.71 5.94 -22.75 -23.74
6 106.42 3.83 -36.15 -28.83
7 141.88 1.90 -53.24 -14.03
8 152.23 0.35 -45.27 -7.98

A B 2E(Eg)E T8 A 229 AAREW g e dEHESH

Axk = olvh o] 2 (A 2424)3 o] YERE F Utk
Exs = Ewf(1-F,)(1+cos S)/2 + F; xa/b + Fy sin S] (Al 2.4.24)

o] 7] A,
Fr=fu+fo
Fy=for + fo

XA+ f3xX7Z
XA+ f3xZ

a = max(0, cos6)

b =max(0.087, cos Z)

§= A

0= JAF

ﬁ17ﬁ25ﬁ37ﬁ1:ﬁ27ﬁ3

Bw ol 7197

flo
Ml
of
oX
ol
o
Auf
jin
&
=
=
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[E 24.7] BAMH =K A$

A = (e) fu fip fi3 £ 155) fr3
1 0.011 0.570 -0.081 -0.095 0.158 -0.018
2 0.429 0.363 -0.307 0.050 0.008 -0.065
3 0.809 -0.054 -0.442 0.181 -0.169 -0.092
4 1.014 -0.252 -0.531 0.275 -0.350 -0.096
5 1.282 -0.420 -0.689 0.380 -0.559 -0.114
6 1.426 -0.653 -0.779 0.425 -0.728 -0.097
7 1.485 -1.214 -0.784 0.411 -0.629 -0.082
8 1.170 -0.300 -0.615 0.518 -1.892 -0.055
e A = Fae (A 24252 e 5

L., = I4[a; + ¢; cos Z + ¢;’exp(-3Z) + di(A)] (A 2.4.25)
o714
L,: 348 3= (Wm)

a;, Cj, Ci’, dil 7""‘{[: (E 2.4.8 7‘9{—}_)

[E 248] H&o| 8T o= AH$

HAE(e) a Ci ¢ 4
1 40.86 26.77 -29.59 -45.75
2 26.58 14.73 58.46 -21.25
3 19.34 2.28 100.00 0.25
4 13.25 -1.39 124.79 15.66
5 14.47 -5.09 160.09 9.13
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-69.39
-164.08

154.61
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[E 249] &0 3 o=

oY A=

J A = a a as a by b, bs by
1.000 ~ 1.065 1.3523 -0.2576 -0.2690 -1.4366 -0.7670 0.0007 1.2734 -0.1233
1.065 ~ 1.230 -1.2219 -0.7730 1.4148 1.1016 -0.2054 0.0367 -3.9128 0.9156
1.230 ~ 1.500 -1.1000 -0.2515 0.8952 0.0156 0.2782 -0.1812 -4.5000 1.1766
1.500 ~ 1.950 -0.5484 -0.6654 -0.2672 0.7117 0.7234 -0.6219 -5.6812 2.6297
1.950 ~ 2.800 -0.6000 -0.3566 -2.5000 2.3250 0.2937 0.0496 -5.6812 1.8415
2.800 ~ 4.500 -1.0156 -0.3670 1.0078 1.4051 0.2857 -0.5328 -3.8500 3.3750
4.500 ~ 6.200 -1.0000 0.0211 0.5025 -0.5119 -0.3000 0.1922 0.7023 -1.6317
6.200 ~ -1.0500 0.0289 0.4260 0.3590 -0.3250 0.1156 0.7781 0.0025

c1 c c3 C4 dy dy d; dy
1.000 ~ 1.065 2.8000 0.6004 1.2375 1.0000 1.8734 0.6297 0.9738 0.2809
1.065 ~ 1.230 6.9750 0.1774 6.4477 -0.1239 -1.5798 -0.5081 -1.7812 0.1080
1.230 ~ 1.500 247219  -13.0812 -37.7000  34.8438 -5.0000 1.5218 3.9229 -2.6204
1.500 ~ 1.950 33.3389  -18.3000 -62.2500  52.0781 -3.5000 0.0016 1.1477 0.1062
1.950 ~ 2.800 21.0000 -4.7656  -21.5906 7.2492 -3.5000 -0.1554 1.4062 0.3988
2.800 ~ 4.500 14.0000 -0.9999 -7.1406 7.5469 -3.4000 -0.1078 -1.0750 1.5702
4.500 ~ 6.200 19.0000 -5.0000 1.2438 -1.9094 -4.0000 0.0250 0.3844 0.2656
6.200 ~ 31.0625 -14.5000 -46.1148  55.3750 -7.2312 0.4050 13.3500 0.6234
€1 () €3 €4
1.000 ~ 1.065 0.0356 -0.1246 -0.5718 0.9938
1.065 ~ 1.230 0.2624 0.0672 -0.2190 -0.4285
1.230 ~ 1.500 -0.0156 0.1597 0.4199 -0.5562
1.500 ~ 1.950 0.4659 -0.3296 -0.0876 -0.0329
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1.950 ~ 2.800 0.0032 0.0766 -0.0656 -0.1294
2.800 ~ 4.500 -0.0672 0.4016 0.3017 -0.4844

4.500 ~ 6.200 1.0468 -0.3788 -2.4517 1.4656

6.200 ~ 1.5000 -0.6426 1.8564 0.5636

kA e ASE we AF dolHE AT 9o A nHY Ha ey
of st 33 HF HAA, ¥ FB=S v, o A7EA dAF AH Y 3
ojth. Z47ke] AlgE thE 3 2ol (Al 24.27)~(A 2.4.29) P4 S wEh

a,bc,d,e =S x il & o

X =X; +XZ + A(X3 + X4Z) &
2.4.27)

HE A= 1Y Aol

¢ = exp[A (c; + ¢,2)°]! (& 2.4.28)

d:-CXp[A (d1+d22)]+d3+Ad4 (A! 2.4.29)

A=, 58t b A 3% L LS duteste] [ 25 EH 4S5 F 9

. ol AL (A 2430)9 o] vEhd 3k,

L,=L,.xf(,v) /10, Z) (A 2.4.30)
o 7] A,

L,: A¥ 3] %(cdm’)
o dutdo= HF ILve FF 2R HEF EEs dutsiste] (A
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2msr

L =1 XE, /[ fu, (C,y)cos{]dw} (A 2.4.31)
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