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§=908 m? A=Y (S w
a=0,02 A,=1.816

a5 2
S=36 m?
a=0,02 A, =072

az s 3
S=10m?
=03 A, =3
4. ¥8=1368m! || A=5536
5. @=— 5 =22"= 0,04
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6. rg = [ 4Q Iy = [ Ss5361 0,339 m
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Ly=10log( X107 ") =96211dB

82

(AW 2 gt \;_:_'-‘___,ES’T Cr.ra._l .13




(dB) s 15 ojlal uxly b  SusawsST ooy 9> pou

S gS T Ll P SCIX QTR S o T Lid 0> yuw 553 51 aiges
p (Pa) I (W/m?) L (dB)
60 Ly 10 Ly, 130 L s ool 3y 9> s
2 10 100 S S
0,2 10™ 80 oL by b Sy
0,02 10 60 TR
0,002 108 40 Syen 3Ll
0,0002 1010 20 ales Olgs 5ol
0,00002 1012 0 g o s

Sl A glo Jle 1 Jga

adged Clloly Jgaz jo 1) b Lo 31 SO ye ol (el glads ouls ales slo o

La=962110dB _SitwsST Lis slaus

YL Jga 0903 dunlie (gl 00,5 o yiion alb 0 85 0B w ply a5 5,15 Lme o 35T 0 Cud jl Codd ol

Jle &l S cladlxe J Flio ol g o jals oled sac bl |y Cuwgd (pl aS 05l oo duogi Ol oo deS

53 4l Sy Sliles a5 Cudl s (615 Gloy e jo i pl)] gle gyds ols JLE 5 o S aas Sgw 5l ool L

83

gl ploil Wl 2STo




Al g e
wdlai ppend byl 350 BN G 3 o Ly las s o e

15998 sl Cend

p1= 700 kg.m" hi=0.3 m
p2= 1450 kg.m? h=0.32m
Plaiy= 2400 kg.m
o= 0.2 Wi1=0,002W
o= 0,75 P>=0.85Pa
oay=0.2 Ry,=30dB
asey=0,15
4t ade 1y =15m ()8 ) ke 4luald)
o 3
ez 51
S2
]
sv.=3m= =l gls)l
dcaloee
1 agcl
i ity EO RIS P
Sis=54.3-[(0,5.3)+(1,5.1,6)]= 12,3 m? Sexs=1.5.1,6 =24m?
Sx5=5.8.3=174m? S.e=05.3=15m?
S3;s=5.4.3=16.2m? S+=54.58-05.02=31.22m?
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:(E':dﬂ_ud i

m; = p. h [ke/m?]
mg; = 700. 0.3 =210 kg/m?
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Ry, =23 . log210—9 =44.41 dB

Re, =23 . log464 -9 = 52,33 dB
R =23.10g1200-9=61.82dB
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+ 8 5. 10 S g Ss1. '].U_D':l' Rgq

1,5+ 24 + 123

R, =101og
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R, =10log

R, =37.55 dB

Ai=5 . a;
As;=123. 02=246
As2=174. 02=3.48
Asz=16.2. 0,2=3.24
Asy=174. 02=3.48

I_w _ 0,002
5 4 1. 152

1,5. 1078182 + 2.4,

=7.07. 1077 W/m?

Apsis=24 .

Ax=3122
Aw=31,22

Ai=15.

10730 + 12,3, 10~ 4441

0,15=0.36

. 075 =23.415
. 02=6.244
02=0.3

Li=10log. (I/I;) = 10log . (7,07.1077/ 107**) = 58.49 dB
L2a=20log . (p/po) = 20log. (0,85/2.107%) =92.57 dB
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e oals EJ:LH.:

sty 25 bl o law mhs g gems

Lir= 101og . [5;_.5.1_1{]0"1 (L1=Ry) 552.1{10’1'(]‘2_&2}] —10log YA

Li#=10log . [12,3.10%1 (5849-3733) 4 17,4 1001 (9257 -3233) ] _ 10log 42,979

L. = 36,35 dB
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SK & s Copllals iyl |
R(dB) | SK(dB) | wis~s?

A+17dB | A+18dB | A+16dB | A+15dB (H2)
11 10 12 13 28 61 33 100
8 9 11 12 27 63 36 125
7 8 10 11 26 65 39 160
6 5 7 8 23 65 42 200
2 1 3 4 19 64 45 250
0 1 1 2 17 65 48 315
2 3 1 0 15 66 51 400
2 3 1 0 15 67 52 500
2 3 1 0 15 68 53 630
2 3 1 0 15 69 54 800
2 3 1 0 15 70 55 1000
4 5 3 2 13 69 56 1250
4 5 3 2 13 69 56 1600
3 4 2 1 14 70 56 2000
2 3 1 0 15 71 56 2500
1 2 0 1 16 72 56 3150
24 35 14 6 286 s3]

D5b e 70 0B fs Sao Codile datuin Cuod ggae
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Sl

0,40

o S8 ¢ pingy Sy (6 S SO Soh i ] oo

0,35

K55 ab oY o o

0,25

O9ole Cgx (igy boki pex sla o Gidg (i (g, S5 (5 S B Co SO

0,20

065 ) § S Cg S 10,5 lagie bsly i oz slo sl by

0,15

é%u . oa

0,05

oL;.w w}s uj})

(2003 (Ko 5 JoT & 4255 L) (o 558 (olSadl (sl o2 2.2 Jgir

08 JUIL g jome 2.2.2

iy 5 o] S5y S5 gl JsSse (cusisSo R kS (o3 bidee S| it JUDI lsie 4 g5 (transmission) il
o5 wibion @ ogamo Ll (b2 Dp a2l 50 18 Jby> o3l 00iiS Ly 45 (T 495 j9ee o s b 090
e Cwed Jlin jekaogd oo 4l (Tsnor JSb 4y anil olidl dges | el S Glp Jeere jsb 4 (2.14) 50 5 o

(2.14)

el ol el l> (23) Jsd} 29 LS‘}L») )5.“.5 STN 73 0580-1 é)».b’ﬁ.w L alises é‘}a 6‘).» ‘Ts,nor

S

N

() T
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Tonor 399 390 Jlo g 955 slgo
0,92 3-4mm slas Lo ass
0,90 ol anlases
0,88 (il (o L) pls s
0,85 - 0,90 Sl ass
0,75 Blad é add
0,60 - 0,86 B-7 MM 5 g s
0,35-0,85 o o
0,85 - 0,92 gy b ST e
0,60 - 0,80 (Diffusing acrylic glass)e yicie L ST s
0,35-0,70 (Determal glass) J o asas
0,55 - 0,65 oSy, b oSl il
0,85-0,89 SlaY S (Sl ases
0,55 -0,62 Y g0 Sobail
0,50 - 0,75 0oy

(1985 o Sen 5 Halahyja gy 5 STN 73 0580-Lo 0 4 4255 L) 15 yge oy cmy> 2.3 Jgior

(transparent/transparent and translucent) Glas ass 5 Blad loie 4 Wl o g5 y9ee Bl 5l Sleislu Slge
aS (golge 4 Camd |y (i o (transparent) sil assls 1y o colilB a5 golge ¢ aomme job 4 05l (o dids
Cugzr 4 Colaa b SosS 1y, LSSl alwg 4 wilgs o 595 coole uS 5 4 L5 Laies e eue (translucent) wil Glas aes

QA1) IS o5 Jine 15 5,50 slo

Sl L L L L
g &OH b

S K z - 1)

sl aid Lidg 5l Jeene 55 JESH 5 ols wiges 2,11 S
Sl STy = 0 SaFy 5 e o 5| S 5 y5i p9et = T o0l (SO - o () LS -
G 9590 Sl Sz 558 yomne i) (5 3iie Slge Boyb 5l 5 - S
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T
Aip3 o 05l olgs 45 Cepndly ol 4y azgi b a5 oo gz 55 pene b a5 sl p3Y )58 SeiSS 3a30 dpaslone o
Ts,nor

Vool asgly JulBl b joi Sz jaus Coad 0505 HIS a0 o jeue |) jo8 il ke o andl alizee lo oLl jo oS

gl co § S o5l 0gd o )l o] 5 glad a5 oo dges Jloygi didlate 51 aS ((2.12) S casly o talS

[

0

0° 10 20 30 40 50 60 70 80 90°
\v

STN 73 0580-1 5 st 41 /155 sty s b §) y55 st ppue 2.12 JSb

)laww&lﬁdwdlW5a-bs&5)oob6|w-a

35500 s 33 TH 5 55 j328 e pd Comd Q338 4 (7 )95 5508 sl (ISl (2.16) 5 (2.15) slo a5

Blad gl ated SO gan adud 612 (2.15) Jgeys8 Tonor wuleion pal B 1) Jloy Suz 59 595 joue cupo p ¥ oL

il o el LG
; v v
(2.15) ¢ Y _—cosy (L+sin®y)+e 27 —¢ 2

Ts,nor

2
(2.16) ) Tsy = Ccosy (1+Sm v

TS.I"IOI'

)

298 0t bl e 5 JS8 @0 15T i om sy Al polan it olge 00 yiiie 155 90 o Cand 5]
3905 (s STN 730580-1 LSTsLes

(2.17) it = 0,9 X T nor
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oy tr sl il eaiilyse byt s 53 ol o osls ot (2.3) s 15 45 30 306 b slo Cond

o500 5l 415 00gl] 25 il gla Lamms o b el aiao e i ) Lals olge olss g okt Liel L5
i, ae Sl ;5 (alls e g |, Sogll eyl Wl b 5 a5l Sy e (518 bma s s o
STN oyl Jlo jshay 28,5 J5 de auly gy adind Sl gyl g 31 By o 1) jaue ol o 55 (a8l Slapls o5,
s & 45550 0l S o oo ool wvbiioe oo |y T L s eTne 5ol slo,si5te STyl 925 73 0580-1

108,50 el o3 S 4 Ty (Sogdl oo ogemme Coid (2.4) Jgoz oiil oo (g0 il o Sl

(2.18) ) Ty =Tz X Tz

Shils Wilgh oo a5 ;95 saids jee pac b 98 caids oo (Blad la idu 5l olidg; sle diles gas Al g4

50 b oo el gon aled ojlal LBl Slidgy ol nasl ead Sis ail alizee slal g il IS

Sy90 (St 98 Olwlore j0 a5 00,5 o b Slaisle ailes sla ojlail jo o (SIS sl wilas « gwdige Oloiius

35 oS e 5 bl gmd ST Lo SIS 5 Sl oy Jolgh 505 55 1o (SIS ol Sy 3,8 )5 ool

R 59 s p S A el (nl 05 S ales &b 5l e jeee RS sl b nlply amsoe 1B 5L cou
55 o oo 5 1 aboen () 38,5 e dloes T SIS olis L3 05,5 s il

Wil go (M%) 6,5 o3l axly b SIS )5 oy add Colos - S

cailos (M) (655 o5l alg b oad s, ilas IS Cmlus = S

S dnls (SS9l o
Jols S,b 09 S,k 9o (Sogl! e o (pigy 4iled g5
oud gy aildod
Tz, Tz.e
0,95 0,95 S>oS
0,85 0,90 Lol 90° S3g0s
0,65 0,85 Sy
0,95 0,80 S>oS
0,90 0,70 Ly 45° S cels
0,80 0,60 S )3
0,95 0,70 S48
0,90 0,60 Lol 0° sadl
0,80 0,50 S

(STN 73 0580-1) LSTghu ;58" & ot ay ,has gouy aicd Sl oo 2.4 Joo=
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Ty 6o capd 555 wyo Jold SIS wlos o Blads b g o0gll Slalad cgiy atis ol Allaz &1,k

15 e Jloe! alaly ol (SIS (Sl s 35555 T 5 Tsor

(2.20) ) Tw = Ts,nor X Tz X T

4z ghe 2l 09l (oo dmlna la Y 1S5 po colpl (ogei po bide polie b g 4 siz lge 5l )95 H9ee Egorme
e s SIS (sl DSz (6,55 9 pae 5 (Sl eme b 4 a0 T IS5 5 SlE IS e

bl sl Bl aS (g)lade les 4 048 o ool Jb paia U ool 4ill G 598 (6,95 H3uE oy 00,5 oo Al

il SIS olie glls

)93 b‘h:L? 2.2.3

woole b Jline Joles 51 o s 65,50 o] j0 45 09 oo i 15 (gl dmgp olexe 4y (ADSOrption) ;o Cds

dwle &S 0d 0 Lyt O Hg5 L oo hawgl j9 O (Jes 5 SIS 0 0gd e boS (6550 5] (FgladSs

23,5 (oo plonl D o3y bz ggome 5 By 03d D3z 558 Gz S D90 4 o

(2.21) ) o= -2

Ssd e 48,5 0auol Jloyg Slaslos 45 5 Cewl SoS Jlows Ygone Sloislu slge Lawgs ol G 5 e
185l Caws s g3 o ) S Aolas (2.12) 0 (2.21) 5(2.14) (2.13) Jge,48 5l eolizwl b
(2.22) ) pta+tr=1

95 sl 2.2.4

cle 4 po o] 5 wled o st piadd Cax o] 0 a5 cal gl angy SO ol s (refraction) g LSSl

la> zobw &,b 5l o2 L 5 (iNhOMOYENEOUS) uilxio e (Siul b G 3,k 5l o] Lal cae s o Slyss

WJe ysb 4 wuled oo Jloyl 5L g LSSl 55 a8 Jseme Sleisls olge (different media) calize slo Lows ool
23lion 558 ol (50 A 6,5 i sl B oSS slsn 55 polis ] i

.(Kischkoweit-Lopin, 2002)

Olowws] 33 ddy95 CarrBgo 9 (o) 535 32 K0 CaxBge 2.3
oS ol 56 (2.13) Ui oadse i A oldlaz aldl Jsb 5 @ oLl oie b e 59, 2 oS CoBse
Ceod ) gz dad 4y laiwl 31 glo Cosdae a5 Jlo 0 s @ Coe Sl Iyl wijls 18 Jled 0,5 o
ail ool @8l gugn 5 Ll caal 5,0 0 a5 Wil Sl G sl Slélas ol Job cuie slo Cad ail o0 @ e
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sl e Slate 5l (S p .l oo @ly g Skl chal Gy 0 aS Aijls e | A ite caed (4 = 0°)

el oo o0ls 5L 2.5 Jaaz o o o)l asn o LSl x>

B s sl ol digad ‘Ls..le)p Slate 2.13 JS

A ¢ Joxo A ¢ Jaa
51.39°E | 35.69°N ol 21.82°W | 64.13°N KRS
139.69°E | 35.69° N o5 s 10.75°E | 59.91°N Sl
69,16°E | 34.54°N Lt 37.62°E | 55.76°N S
31.24°E | 30.04°N o,al5 13.41°E | 52.52°N o
103.82°E | 1.35°N 5925 21.26°E | 48.72°N LSTsles s
47.92°W | 15.83°S sl 17.06 E | 48.17°N I
28.05°E | 26.20°S 5 gmnilng; 12.50°E | 41.90° N £3)
151.21°E | 33.86°S s 74.01°W | 40.71° N S g4
59.52°W | 51.80°S S 116.41°E | 39.90° N oS

(https://www.latlong.net 4 1) sos Ol o o oldl i clazse 2.5 Jguo

Gyt s Jobo 50 ardsyo SBLLI o (lojen jsb 4 5 (daily cycle) ailyy, JSews ;0 355 j5mme SLLI o (s

Sy LJ"‘ LY u.\.wL: M‘bsn o LJ"‘ )‘5.0.@ c‘a.w G L}Jl.o.b 23,450 A o) j9ow .JJ[JLSA u,u.>).> Yl J&w B
e loiwl Lo 5 b 5wl e 99z s 4 loen mhaw b (god o5 glads aS 1) (gl aisly wuled o Le O (declination)
O—‘ OYb ol o el 22 o C)T oS Wl ooy +23,45° + 4, -23,45° ;| Jls Jsb ;0 O Juo ,lade Al go

é}w‘s‘o ‘)‘\) )—A.Al:ﬁ-ﬁ.w239 C)Lozl G)l) B ‘)).Q»os.n.o.daoéy 0?21 G)l; e
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Ole 0,5 eoliiwl (1976) ygudsy ool Jawgs o piiin gl az 0 10 g5 0 1, (2.23) alayl) o Siss Slawlxe jo
.(Halahyja et al., 1985) Puskas ;| oosl cows 4 (2.24) akal, L (IESNA 200) o il soges ylo o Lol, 4o,

\bj.oiv u)gm oolazow! (5'°9'7U Jj‘» )‘ .)5.«.4‘54 4....05.» 5J...n ‘3..3.) U"’"’U LS‘)"

(2.23) ©) & = 23,45°sin [360°/365 (J —81)]
1Sl |

ozl e yeolss 31 (g1, = 365 (3= 366) «s,5> 1 csly I = 1 Jlo o 55, wilpo abuaks - J

(2.24) @) & = 23,45°sin (29,7°M +0,98°DM —109°)

Mb‘jﬂ oLo)a)’5) a)LoJ.’:'DM wole a)Lo..f:'M

lsioe Gl B 0dysd Saesl g Vg andyer gl sl agly Slatte 9o 1) lewl jo a5 Cusdae
Sl Gladig; Wil o <8 Sl 50 o 4 ol 5,0 5l eanlin LB e G 50 plassl jo adiyes (2.14) S

alaly S5 5l anden el dnle gly 0yl dszg ko3 Sgarl g BB, e sl Blie (SIS eyl

gl o0 ool oy axsll LS:LJ...A

(2.25) (°) ys=arcsin [sin ¢ Sin 0 — cOS ¢ €OS ¢ coS (15°TST)]

2Bl oo s ys> 2Bly loy - TST il jo5 o= O e y0 pldlpm e - @

Zenith

O ol - €
9:()\6{\@?1" o

o] paie g lew] 13 ad 3 Cumdge ol gl Slaka 2,14 4S5

a5y Sl )0 aygly ol Zs = 90° - ¥g 00,5 (s (ZENMEN) ity gy Lo Wil o (raizean ddsyo5 glis )|
AL sk Jgb Ao aldl Jsbo 4 0 0)ls (S TST (g0 j55 (o8ly oy aibion Vs dygs g5yl 50 00iiS JooS
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L 59y lidsy (le ancd 5 (590 Siss yllsy 5l S )0 (2.26) ET (Jloj aloles o LT e ooy As Gloj 0355

Sgbge 48,5 i s el o 3,85 b Ll 0,90 50 oy pdd @)lge (pl 50 0,5 6 Djge SIS 50 il o
.(IES 1984)
(2.26) (hour) TST =LT +(4, — A )/15+ET -1

1 05 (Gysme yed) @Ole b o8 o Ll cow oS 1) LT aly oleg s iele ey Copr Sloeeis ET loj alolas
(2.27) wile 59 oo oobitl osles Lasls 51 el Jae 4o aylad so iy 25 el oo 55 1L

.Tregenz and Sharples (1993) ;! +» |, Pierpont (1982), (IES 1984) ;!

(2.27) (hour) ET =0,17sin [47(J —80)/373]—0,129sin [22(J —8)/355]

503 e w3z o8 b g Jlod Sl T Bl oaiiS (s Al S b Gl o0 ) B 00355 Sogo ]
.(Kittler & Darula 2013 |, Kittler & Mikler 1986)

5o 95 Sgeusl pad Sl 0 098 0 o 4350 360° 1 0° engase jo cutte slo Ced L s (Jol Il o
S 50 65 ojlul a0 e polie 4l o il oo [0°; 180°] Jlg,ul o o el polie o050 cogi>
el slo e O8> Coz 39 B0 4 gl Jle plgie 4wl il oo )18 Celu sl e oS > Al
a9l 3l oolital b yley oo 51 s s y93 gl dlina (sl alaly L0 pe 4 gix 5l Jle Glgie 4 s it
(It uses transfer time by hour angle) .S o eoliwl 7 = 15XTST celw

Wl oo Canss o3 alaly lawgs Sgeu sl Cond il oo TST <12 4S5 Sloj e opqls 51 8 bl o (sl

(2.28) ©) 0= arccos [cos J (Cos ¢ tan J + sin ¢ €0s 7) / COS 4]

B85 1, (2.28) 5l sos Jool> a5 360° 5l a5’ ol p3Y sl (oo TST > 12 a5 Jloj ol 5l o slo CoaBoe (slps g

ol oo Sy b3 jeb Jlads 5l ool (615 05l Sgeu 3T Cosd & jgans] j0 o,

(2.29) ©) as= 360° - arccos [Cos o (COoS ¢ tan d + Sin ¢ €0S 7) / COS ys]

@ by (Sao glo CLS 5o 05l ouilym adjss o, 5o Sy (IS5 O a0 4 5 Wl co Sl jo> CoaBse

bshs (SB5 G5LlSs) (iSagn @ axg b oS gt Ol 1) plShe cnl 5l Az gl ggdge ol

aal equidistant, orthographic, date, stereographic and kotangent & ot /ailginl a0 Ll «goni, 95
(Twarowski 1962, Halahyja et al., 1985) Jle ;lsie 4 igd oo (g0

il oo oLl oe o sl kb )T Ll g s 5 el B0 (ST anden sl al, Lo 5l eolil e
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55 oS oged ooliul 55 il gle GAESLLL I Gl oo Drizmen Sedyp Dgeusl 5 EE,] dloe sl
SO|aI’Beam ML'LS'Q \)P}n uliu‘) QT u.mi».l;‘ as \J; oolaw! &L& fa‘)fj)" )l u‘ys‘o ‘ang J:> LS‘JJ
Db C8le cplpls 0,5 o s o 1y sl Jad jo atele SO, 4l (hittp://solarbeam.sourceforge. net)

Se 48,5 Jlai o sl fad o ley el S 4 Sleglas (10505 31y pll jo 4T g

2.1 Jlo
Dol dwlee CST6 70, 50 e 89 40 10:30 celus ;o BIS j0 1) oy g3 gl g glas )| cuosd
5l i e LS ol i Slati

w3l oo Ao = 69,16° E, (GMT +4,5) Ll Jsb 5 9= 34,54° N ull 256

el Gaas syl alJl Jsbo b gillas 45 sl 51,3 GMT +4:30 Sbej (455 5 45 o0 obiwslisl cseuly Jls.1
oley 9 cuST6 2,6 40 goog J =218 Jlo ;o 59, (ol ahados o)leis .ol o As = 4,5 x15 = 67,5° (meridian)
sl e LT=10+30/60=105h Jxo

28,5 oo duls (2.27) abasly ol o ET ylej dolas cosd .2

ET =0,17 sin (4 = (J - 80)/373) - 0,129 sin (2 = (J - 8)/355)
ET = 0,17 x sin (4r x (218 - 80)/373) - 0,129 x sin (2n x (218 - 8)/355)
ET =-0,0995 hour

Sy on s (2.24) alal, ulul 0 (solar declination) o.s,e5 Joe .3
0 =23,45°sin (29,7° M +0,98° JM — 109°)
0 =23,45 % sin (29,7 x 8 + 0,98 x 6 - 109)
0 =16,73° = 0,292 rad.

Gl Il 30 cpl g Wlad so i Glom A ye> (Blg Loy 0 |y dwle ((2.28) 5 (2.26) (2.25) Lulg, 5l eolisl 4
2 e iz & ploy e pl 4 ar g bl e el BB Sle (g allare ples sl LT (e oy ced oS
35 e Alons (2.26) a3 TST g adly oo slils e oo
TST=LT + (Ao- As)/15 + ET = 10,5 + (69,16 — 67,5)/15 + (- 0,0995)
TST = 10,51 hour.

Sy o Al (2.25) alaly 4y azg5 b andyo5 el lans 09 o ynns TST 5 8 cad 2855

%= arcsin (sing sin 5— cos ¢ cos ¢ cos(15°x TST))
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= arcsin (sin(34,54°) x sin (16,73°) — cos(34,54°) x cos (16,73°) x cos (15° x 10,51))
%=1,1038 rad = 63,2°

alal) &y ar g b ol 5l am sl 9 00,5 (o0 o3 (2.28) alaly 4 azgi b ol 5 B (sl 9055 sl 5T 506
D oo lo T el asgly Jgl 00,5 o s (2.29)
£=15x TST =15 x 10,51 = 157,65°

d)..\f(sn )‘)9 oolazwl Sjy90 (228) d.}a.a‘) ‘09.4.»(5.9 wﬁ}) 1030 ).Q.’a )l JJ ‘51).» (5.»‘..\.91 Slaise d.s.ul?uT )l
as = arccos [cos & (cosgtan & +sin ¢ cos(z)/ cos s )|
05 = arccos [cos(16,73°) x (cos(34,54°) tan(16,73°) + sin (34,54°) x cos 157,65°))/cos (63,2°)]
os = 126°

51 aS awd et Sgeajl g % T 63,2° et el ol ale ol 93 Slae (S 50 10:30 cele ST 6 5,

.,\.,.,.,L»G,o s = 126° ol ouls G S ol Jeds

oLl 2.4

53S9 e ool Jour g 95 (s3IUST 0 a8 (T slo el al o (o dnglite 10 aa (p 55 dndd o5
b 4 yuigedl G,k 5l aS alb e Sl 5 Ll o 855 g o Dl s3g0me yo el 0o sols i (2.6) Jgo

D9 g0 JEe (e

1,496.10" m Lo S5 5l ey alols
Stix (1989) (1,9891+0,0012).10% 5 sLS (y3s
(6,9626+0,0007).10° e glass
Chauliaguet et al., (1979) 32" =0,0009308 oLy il o3 Sss 2w agl;
(3,845 + 0,006).10% W . S &
Stix (1989)
5777 +25 K ge )l az o
Kittler & Pulpitlova (1988) 1,968.10° cd/m® . 5 soxis s

Aedyg3 slejial )y 5 Slasie 2.6 Jgoor

Im )‘ w.».: 9 A= 10_11 ) Jj—b IRPRE gS.: o M)P )‘ as 009 W) L»a.ue ;w.».'a L».QAB)»SJ‘ u,u)l) ‘(5"\"'“’)5} u,u)l)
Wbos by
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iy a5 (SOIAT CONSIANE) (sush 55 <l L 5 0352 <l Ly 35 kgt 51 VL 50 10 )T (655 oz Cemms 5o (2.15) S
Sad s e lade oams olis Ep = 1367 + 1,6 W/m® (WMO 1982, Gueymard 2004) so.s e3> Culi 09 oo
30 ey yebwgell (glad YU mhaw ;0 g 009 (G o> slo andl p dges AT W8l o maw SO Ay (g5, g AT Sl
mo s eslie LB 5 e (gund et b o ls 8 I= 149!59-106 km Sy 5l ey awgie alols
axdl 51 S pie aials ((2.7) Jgoz ams oo g |y je,8 eole andl g mal sl jgle anisl (4 =380 — 780 nm) .aa0

g oo 0dual (Sun st lare a4 s (Infrared) & o cygole anil g 5,0 axal <(ultraviolet) zas el sl

&l 51 M, z9e Job Sl &g
6L as olss s 100 - 280 UV-C

Cowgs S5, VL g9l 56 Actinic 280 - 315 UvVv-B ity ¢l gl
o)l et ol 5 315 - 380 UV-A

RN 380 - 780 ao L
760 - 1 400 IR-A

&)y Lais 1400 - 3 000 IR-B & O9ole
> 3000 IR-C

(Baker et al., 1993) coug S5, YU (s5losS 1l 5 (ST ptnts cile 2.7 Jgu>

o 25— _ 25
£ o it =
o~ 2,0 ! ! Y 2,0
ETL N £
= 15 ! =T
£ { £
> 1,0 ! > 10
B ' Visible range B
& 05{ ™ G 05
k= B k=

0,0+F—— - v v 0,0

0 1000 2000 3000 4000 5000 500 600 700
Wavelength in nm Wavelength in nm

st cints b 215 JS

) gelis )57 (oo Sl Camgy (18,5 S, 50 Bl aLBIS oo Sudte DIST a6l (ol ailey o b ol
Sl g ools [l s5 50 dui 5 Epw sl JoulS slani culed o sl 1) D ol g sl oo sl 1 (Ll 5925
PRI APCE IR SN RN I SPORN SYsb o as 08 5 Jlled] Sl o e SIS Al adls e eaisS Jebe WS
00,5 oo Camgy by Sl s 5 Wby co o gy

Coms 43 (2.15) S o9 oo i 25 A= 380 — 780 NM 750 Jsb o0game ;o (cusbliiog uSUI il ylgie 4 58
P9l se e o3yl ] 5l eolinl 5 (558 (63LST el ss 3l 55

Wiled W pgass 45 OUTel g Clulesl den o S5y .

b Gl olin pagw 00iiS S o S o ls \).J by a5 (rinis o
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qmled Sl b KO,y Cuey a5 dad 0 ojlx! . (BOyCE 2014) sl co ol js5 i paie (5 ape Hlad! Gl 9
59 o2 yglke Caws 4 1y Sledlbl 90% B asles co S ylizmad | Lo ol > 5 00505 SwS Lamme 1o Lo (13,5 55 05 50

(2.8) Jsoz wg0d pumneis ool Bblie a4 g5 o 1) Cugy bl andl oogame o« 55 45 (050 STy 4 (Sl

M )5 z9e Job ) g8 M ;5 z9e Job ) &9
566 — 589 553 380 - 436 i
589 — 627 RSN 436 — 495 <!
627 - 780 & s 495 — 566 Fe

(rblidog iSU Gl osaline LB il 2.8 Jour

2,8 blazl w2 1) Buo ()5 o0edysm <ol cps L8 b 9o Jsb oogamme ;o (ls5 o0 (gindyor ol wiile
3,y (e gl (g 9> s 4y Ak yo5 5l 4T WSl oo 6588 Oy o515 b g cdale By = 1338 KIX (guiyo ol
.(Kittler & Pulpitlova 1988, Darula & Kittler, 2001) g o
005050 10 V(A) ik (oo (5355 Zuge s Be(A) (b (ontnts by pleoly LS 3 b 51 Gl oo ol o
0gas Cyns i3 alaly 4 Llas 380 =780 NM zge Jsb
780

(2.30) (Ix L Im/m?) Ew=Kn [E.(A)V(1)dA
A=380

148 s 3

oy aF 035y A = 555 MM 5o Jsb ;5 455 (Siles S 5ige) (N, ST (5588 Sa g (olishi - K = 683 Im/W
AWIM2. NM) (s 5 o3Il axly b il oo e 1,2 oninid o,z o515 - Eo(4) il o phOLOPIC iio s
Jobes (2.30) Evo (5558 59295 ol ol oo (Siilog 57 5350) (55 SO giindd Sl (b (5588 (o S e - VI(A)
B 95 Sl 53 () yoms < ilion 5 yamdl; el o o8 005 Bo ganyor Colt 4 S yagioh sl
Loy wilgi oo Slpds ol vogdige Jlo Jsb 50 (g0adys Sl Cod 10 2 3,3% i ol ely 45 005,80 (g9l

Oygo A3 (G g3 ol o ailysy Ol s (2.31) € 0l oo wlass (BCCENLFICILY) oI5 55 05 pas oy

sho Slslne (sl 058 dralone Wl oo Evo = € X Evo UK & (5,95 )95 <l b Eo = € X B
solazl oolw alaly G 5l aS 55,5 o auoss (IHluminating Engineering Society of North America, 1984) IES

R

(2.31) ) € =1+ 0,034 cos [360° (J - 2) / 365]
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S ye pdals 2.5

Wl o oy seiwgedl Ho S (eXtraterrestrial solar radiation) ;13 ob,es il 5l SeeS iso
J55lle o g 5T 52,1 3l 5 95500 i st 0T 5l G G5l v ilod o0 3935 (oo o @1 s 5 955 50 Saie
98% 250-3000 NM s slozge Job b (s0usy 95 adnits 09 co 00555 pbwgadl jo S5 lizen g 5,5 &l)d da
Jolo 0diys3 ks (glo glad 5l a5 adands yTe 098 (o) gl (G0 45 wmd e S 1) (g0 ye3 (555
& 090 ol yrhugail oSSl Sl a8 piats a0 05800 ouel Slowl (5 lanil ptnts ol &y 055 o0
(21655 (o8l gh) 2lis0 238 o) i 2 o (yame s S5ise ol Slawl eis nd @iads ol
6L Al g Bes andyg5 afiiane gliadd (i o3 90 Jold 45 05800 43d Beg ez AU plyie 4 (izpen
g oa 0L Eeg @'Lo..ﬂ

(2.32) (W/n) Eeg = Ees + Eed

59, »o {global irradiance) Ecg Sl (il .ol Oglite 59, 0 50 Sl co oSBT g0 5 LT Lol i £634

alo 1y sdygr S willyion plowl 53 S5 Sl 5o bl 20 dnsbos (2.32) alal, oS 4 Wlyiis o35,
S5 o B Gl o g Ll il g ad e pedaes il ) o naisled Giend | s 25 Sl g 55l
el e 5 alaly ol ol cxsl oo 65l G b (slamiirns 535 2 sfgorme G 00d (605 o3l Cead Tams

RPPIRCYPES
(233) (W/mz) Eeyg = Eeyd

bl 51 a5 (gan 5 (5 i 5 (2.1650) 15 o rlaw 5l oo gl ay BLI)| (e o G0 e

s Saalid 09D 00 03l 50 B la el by sl Sl ee Olalre jo ol aniby e leige j5ee

sl ol pl 4 axg5 L .(Linke turbidity factor) Ty 4 @,905 oo g @ ol copo M pdwged] Sl
.(for example, Kittler & Mikler, 1986) c.ig )lgs oo 1y (2.34) Jg0,9% <13

(2.34) (W/m?) Ees=E. eexp(-armT)

Sl )l

WIM? 5 15 05103l ol b il oo ooel 59,8 (5055 andl 5 3goe 45 zxbaws » poiiies L2l - B

WM ¢ 1.5 o5l amly by gands 95 <ol £ = 1367

(85 o3lail axls 90y (extinction coefficient of Rayleigh's atmosphere) ,awgesl L, (ol,al co o -ar
(§ xS o3lail axly e pbwgel] s Cuwlis - M

.(Linke turbidity factor) ,awges! asiod & 9080 o - T
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8 o S 58 o e andl el 898 2,16 S

Slelas )l )0 g 05 oo 48,5 a5 b yawgas] jo Al e andl LSSl M jaugell  oed Cooles 380 Ol o
ool abaly, SO dawgs (g izl (Jas la (IS 0 B Clo b 380 bl 0gd oo 43,8 Sl de e slizil w9 1S
20,5 o 4l il o (Kasten & Young 1989 ,Tregenza & Wilson 2011) Ll , a5

1
(2.35) A .
siny, +0,50572 (7/5 + 6,079950)71,6364

3,90 (1980) ‘_)WLY ‘]4“’9“ 0 QLQ,».‘W S d.}aab ‘W?“’:’“ ‘;J) wf.a ML?:.@ 6‘).: ‘ng)?’ ‘_%J.o& 6)».~.7u‘ )
55 g 5 oali
(2.36) 0 ar=1/(0,9m+94)

D9 g0 dele (goges b (2.16) JSo il amio S (g5, p el Gt e (6550 S (o Sliwlxe o
Wb oo iz (B8l s (gl e
(237) (W/mz) Eeysh = Eeys Sin ]/s

S Wlg oo b Wigd ool Cpx Juo, 5 bl 4y ausler go ba (SIS L g Lilaisle sla Les aile (5090 oo

eSS Gl Jlo s 2,17 JS8) ails g Bk @y (SIS gz a5 (aild o candl il 1) 0g ot b olgds g

-0 3k 9550 Eessouth peitivens 2ol (6,05 o3l (gl 0l ye5 glis )l g Sgerl Lads g cuils aalyd Lgix gon Sy
.(Chauliaquet et al., 1977) a.:l

(238) (W/mz) Ee,s,south = Eeys COS]/S COSas

\\\ /
T

ol 0 0018 Cag Lgiz (g 4 SIS 2,17 Sl

118



S a5 ok (g Cqz gl b g 50 g ad s> CasBae iy pxi wlusl (g0 o5 (6551 lade Dl

Jos 5ok plas el ol o aseiin Jloji gz o dame o s pslan cul s Cqz Ablge S 5 b
S G5 3550 s 53 Jloi 5 ool 958 05 plad rle (B 6 dugly s ool 2 Jpajgh L g 3L, slo
g b mlhas sl €OS @ (spherical trigonometry) s, lidie Jgo,98 G 5l ool (2.18) JSb anles o

1098 oo e ATl 4y ol g olgds gu

(2.39) COS @=C0S ¥ Sin S cos (las — anl) + sin % cos B

s S’ 7/‘\\

Vertical scheme

olgds gan caz b ls ot o 218 i

T3 o0 demlie 3 ok olgSds (s Cua bl et e Besp puiitens 00 J*’-’

(240) (W/mz) Eeysﬂ = Eeys COos |

ol ol g O bt cod Wl cen it giats adbioe JleBd Jlem I SG opiiie phaltd e
Oidg b s pl Il Jie uilotie pg luld 50 uizmen g 5L b sl sl 5, w0l g slajg, ,o (NOMOgeNoUsS)
)l 392y (gLl piadd ale gl i Culdy Ghsy g pole b 5o 05l (655 ol eyl gl alide gla
o Jgoy98 cnl 5l (o0l 9929 Bed (Jlait b awgie (slo cood analns sl ;00 by, cpaizr ilisee &lyas 50
riiiw (Kittler & Mikler,1986) lowss (o) 5l anSaie g puiitue ,é b (g,Lal Slows] (206 glo ool anle (4l
ol 00

&5k Tim 5 Eo, € Besond anslis gl ol )y 51 ilsi s 6.0l 900 Ll 50 Eeg (88l gelas o (s,Lasl (b
90 Gle b

(2.41) (W/m?) Eed = (Eo €sin % - Ees sin 5%) (0,25 + 0,025 T,

b e (Monthly value of Linke turbidity factor) astd <508 v o ailale cod -Tim a5
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098 Hlo Eed (241) Jge,98 5l solaul b Wi oo Bawis b Eedp o o olssds mlans jo (g lal il cad

(2.42)  (W/md Eedp=0,5Eeq [1+cos S+ (0,94 exp (cos 7) + 1,84/T . - 1,44) sin S]

50 38 3 e a3 GG 2 me 50 aSl wile 18 lews g ok 5 Gl 5 me 50 Lol &l o sl
s g oolSonl o 500 o lae 2 b 1y 3] olSidl 0 sl p3Y iy (bl el 51 o uSiate LSy (gl 1 e
Sl 3 o lyen 45 Slaisls lsa 5 6 pas yos epme) gebans 5 MealT Ly oobiosms o ] (ol e . pnslit |, A o

Jseyss Lawssy GLLI o Il 5 By Bes o yite 51 dosy el oud ol (2.9) Usoz , )l 418 leisle s

g8 oo Olo d
(2.43)  (W/md) Eedp=0,5p (1-cos f) (Eed + Ees)
(%0) ) opns g G155

34-40 S S o)
30-31 o095 0y IS
35-30 GreSE S e gl
10-12 S S gb e S
75-95 o3l Sy b Gy
12-15 S | BB ey e
18-20 oz il 03

18 [N AP TSGR N I I
23-25 oz olsS 0
3-10 JET KR V>

22 oo Oly3 g o0g olad o ob5T (glsa b 48 g SIS EUCELIN N

18 Erm RS (Sl (B

77 Nz = Sede (5 S (Sl (A

34 ol = (T iy

26 S = (lanl by,

59 S — ol ol iy

19 @l el el s
8-24 e 2l ol Gy

71 g ol 900 = (gogaiagl ol g

SiBlo slgs 5 cpey gl loaJT L | Kveww 2.9 Javue
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IR ad e Gl Ll b i pé paie g puiites (U 0550 loj e b plaiSle ohaw o a8ly Lulyl jo
Ll ples oyleis il 0 a5 Eegp cnsd )lo ool zghaw 0550 50 il oo Sl (il pled cdd> jo ol 0,5 o

e b5 5 o5 e ol
(2.44) (W/mz) Eegp=Eespt Ecdpt Eedp

2.2 Jlw

o Gz 0 a5 SIS SO a ol balps 10 10:30 cele o clST 6 g, y0 |y goud e pebies Lol
1699,9 Sloglre .auled diwloee w)lo Camdge JlS 0l o Gleisle pl g o)l 18 leasle

Olgse (2.1) Jio 5511, Ag = 126° (GMT +4,5) 5 o504 @ = 34,54° N, Ao = 67,16°E, J = 218, ) = 63,2°
Sgad oolaiul

:d».:.o.nbu

o Ot o Jsb 5o (gaud g3 <ol jo Ol s lawgs « (the factor of eccentricity) cog 55 0 5l 7,5 <o o1
238,5 dlne 5 (585 (2.31) alal, 4 a5 wlgs o cST6 Gl 1) o] caod 00 5
€ =1+ 0,034 cos [360° (J — 2°)/365°] = 1 + 0,034 x cos [360° (218 — 2°)/365°] = 0,9697

Sled oo oyl (2.35) adal, 380 j9b a0 1, M ybged] g..".,»‘ s 2
= 1
siny, +0,50572 (7, +6,07995°) %%

m =1/ (sin 63,2 + 0,50572 (53,8 + 6,07995)™%%) = 1,1209

m

b o 3L 0550 s yg3 puhians ol dewle (slp (2.36) Ay ol 8l co o 3
ar=1/(09m+9,4)=1/0,9 x 1,1205 + 9,4) = 0,0961

Coond g oo liadlidl cenly B sl oyl (g pmbwgad! (Sogll 4 bl rimen T aSd &30S oo S 4
a5 s o, T =67

D90l J@M&dj)w wl.: 4535...»@;;&-[; (234) Aja.tb JL@&‘W‘ o ool TL:6,5 C,‘.o.d A.:L».wL?LA L
] Cans 4 ) O g 4 wilge 3B 95 48

E.s=E. € exp(-a m T.) =1367 x 0,96975 x exp (-0,0961 x1,1209 x6,5) = 658,15 W/m’

Dgl o Cyund Ee s .south Sl )18 Cgim Cgo o aS SIS 0wl e peions 59 5l (2.38) alaly bawgi (5,5 4 5
s g o 00lail @ = 180 - 126 g co dulne Cgi gz 51(2.39) alayly & Ll 093 Sigeu 3| a0

s e
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Eessouth = Ees COSy% COS as = 658,44 x €0s 63,2 x c0s 54 = 174,42 W/m?

)...C .‘a;‘).u.v o 10:30 celw o u......f] 6 39y ° EE,S,SOUth = 174,42 W/m2 6M)5> pM wula c\......:l.?m SoS Le)

el Cawds 3,10 CaaBge BlS b j0 pleisle cpl g oyl 18 Ll NETSE LY LIPS G LIPS VI PRy

il 4y a5 la Gl Al o wylai e S5i bl 51 4 (sdd o3 sl e 3 bl g5 o] Lald o

g ge (pbgy Glomsl H5i b et wiyls 15wl yen (b sl Sl gyl caz 0 5 88 e 5B ol Co pie
o218 1) 9l js3 )58 A (gw i o) pled Job )0 il g (Bl gy ated b gl Sl e gl a5 sl Gl LS
45995 Ol Sr 2] o 555 b Sl )0 Wilgi oo g wlalioe i 59y 9 Jlo Job ,o QST Ll g8y anlod oo
armiloms (sl i oo 1y (2.45) Jgey99 095 iyl Sa g, (o9 Jsb p Si (2Bl 0,50 (ogerme ploj De Lol
! s 33l oo o118 Srm olo o 1) Slid] e Sledol (2.46) Jge,98 4Kl 40 0,8 oolatwl Spg SlidT ailyg, oo o

(2.45) (%) Srg = 100 (Si/Sa) , L ) Srd = Si/Sa,

Dl oo Canss wilale bawgie Cood olo jo b g, ded (gobs g b

(2.46) (%) Srm=100 (3Si/ Y Sa) / IM b () sm=(2sifY sa) [ IM,

‘(hour) G5 ol azlg b 5g, Jobo o @L.@T sl 0,90 Egazme - 5

(hour) 5,5 o3lail ol b ail oo wg,¢ b ol ye5 gglb 51 los (ol Cd> 10 59, (0920 Jsb - Sa

il oo ole slasg, slass - JM

G0 5l e BB oliee & &l Wlgs oo SlBT s 5 45 amd co i Iy ,oie s plate (slo (5,5 o5l
Ll 000,85 Lo (210)J5J> 30 a5 Sl gl o8 wles 00l gz sl Coud a8l o Lol e 0.95

Xl Xl X IX VI | VI VI \Y v Il I I olo

0,201| 0,239 | 0,431 | 0,490 | 0,583 | 0,555 | 0,541 | 0,546 | 0,458 | 0,420 | 0,384 | 0,247 | s

2007-1994 190l s 108 50 eelos (65 o5l 0>ty b Spm (LT oo 555 dilale bawgio slo cosd 2,10 Jgu
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9 a3 (2.11) Jgaz j0 098 by Jlo b ole g, slp el 50 puitane j5bo 4 Bilgs oo 5 ST 95 o) e

il e o0d 428,51 weole 4o le olgd Egae sains lii Sy L]

JLs Xl Xl X IX | Vil | VII | VI \% v i I I ol

3175,1|182,4| 253,2 | 282,6 | 303,9 | 339,7 | 356,8| 353,4 | 310,3 [ 232,5|204,5|178,6|177,2| Sn

IS g o caeles (6,5 o3l axly b Sy alale LT 15 2,11 Jgusr

https://en.wikipedia.org/wiki/List_of_cities_by_sunshine_duration

moo 2 b oS (6,05 o5l a3 9 ol (gl oSws LCampbell-Stokes ol Soda b g5 oo 1, SLBT jg5 loj e

5 asloe il Bos 2120 Wam? ites (ili a8 gy 5o Bos o 6565 o3l (il ol 511, o ol

S g, 2.7

dlbgs Sotegisd polie b elel p e leiSle o 59, (2lidy, 2Lyl s Jle Job yo e 51y eolial

oy0)9, (olidy, o®ly bl sl o (illuminance and brightness) 5 socis o 5 olidg, o Ll o yiege
Sl elys wadyg el 4 dinly a5l Wibige a5 J 0 s, Jsb po aSh Sl Jsb 0 b & g
5l e (il gl 3 Brg (ogome (lidy)y ud aile plowl 1o 6l (g 5 (5 0uiSTy plizen 5 spises]

wsbos Evg <yl slowl 5 Lal g Eysh puiitass (5o 55 Gl
(2.47) (1x) Evg=Eva+Eusn

Eyeze olidg) (il Loyd (S 958 o0 B> Gl ys5 pediinns jg5 S ] jo a5 LT L8 byl )l aSis 00 )

aJ ;o .(Darula & Kittler, 2002) sges (55l Jow Slodl, SaS a0 b g 505 o3l olgs o 1y Sy 2l
Ol ey s (635 22 O (0091 s 355050 45 Byl g 99,8 (sglne Ly (g0diyo5 (55531 5o ¢ pingail (VL
9 Om0) 05 30 ;500 b (e ;0 all allls co 092y i) jo LSTekus o egemme olidy) Cuand p eS Moo i
2l 092g 4 Jlo b )0 59, (s2lidhsy (3092 (wyimed yo chlidee Sl s Wilgi o el (lsm 5 Ol Luylyd 4 (Sl 5o
el poogdle nzails sl Jled 0,8 j0 (sl 5o (g azm 12 el ) 59, and )0 Glgfoe |) Cndd o i
WIS o b e BB S 4 sies o il ) QLMJ a5 oyl e g 95 wwls ( olidg, mdaw 5 0l 9>
{222 J12.19) IS8 sl ol w3g Oslite 59, o Ll allis; by JS8 5 axtlioe pole (olidg; Ol s
ol olidg; Sud saams lis (ol abis alaii b 5 egemme by, Gud polaw cains flis JelS b opglas
(Darula & Kittler, 2001, Darula & Kittler, 2006) ..l
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30 1995 Jls o o yiiie 4o g 5b clad 4o o5, pl,l gilam! Ll 51 1997 JLs o Darula Jue sk
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%o 55 il (o 0> 5l G Bug Gloj az sl Jlazat | sl TV I
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G )95 it 9 Lligy oy 2.7.1

5 Sedys B ) & (S oo o (595 2 O D5 S (00 3585 (e e b 55 458 45 eSie

WS o cnet |y o] Cimds olasl a5 ol dwged] gl alaxd oS 5
STy 5 herdi @ bgyye glayiall @)l (S gge Jsb a4 rhusail 13 (uobliiog i8Il 2l SaiS1y o5 L |
39 ompblidog iS5l odmlice LB sl cogame ;0 L0g dles Sglate 35 (5 yege0ly o SO yiegied Dlwle o

..); oslaul E\/’s ) 4.]4:‘) )‘ M)&} f’M @L‘“"?) IR W wl?:.o LS‘]" u‘y‘é_c J}o.x.o ‘;uo.c 6[.0 )Lf

(2.48) (Ix) Evs=Ewe exp(-a,mT,)

1Sl |
(IX) 655 o3l axls L (5,58 (g0 y93 <l -Evo
(=) 55 o3l a=lg L (eccentricity factor) ;S ,» 5l z9,5 oo €
(-) 55 o3l a1y L (light extinction coefficient) |5 _igels oo -ay
) S o 5515 L g s ol - M
axdlse () 65 ol axly b g5 & y9a8 o po - Ty

Ll og 00,9] caws 4 1984 JLu ,o Navvab and collectives ;| as |, (2.49) alal, (1982) JL. ,o Clear

copd oyl 09d oo Aoyl (SiBU a8 Slawlxe ;o colaiwl (gl aS 0g Ay Lhgels o o dnule (gl alaly ] 0ges

Rl o SS9 Sh slsn 01 9 (Shgels Caad Ll 0o

(2.49) (Ix) a —— L+
9,9+0,043m

Gl 59005 (oo (2l (Bl mhaw S 53 g 098 oe 615 o3l Joene job 4 59, (plity) Dad (39 s 3

109 dulire ) g0 o (88l prhaw ;0 Wb T oo s 4 (2.48) alail, 51 AT ahye5 eediae (ol ok (Il
(250) (IX) EV,Sh = EV,S Sin 7/5

iladso 908 yrhusgail Boybo ) aS 0dg) 9l 53 (D rd (liee oind (LS Ty jrhugadl 155 O 908 o o
(Rayleigh atmospheres) :is, MalS jdwges! (L, Joleo Jlade ol Y IS0 4 a8ly buwgedl 508 sains ylis
igad] 3l YU Ty Coad a5 08,0 .05 o et ) opdg, Yl piwges! ) oles Ty = 1 casd il o
Rybar and collectives s 1988 JL.,s Kittler & Pulpitlova .ol o yiis o1 (5 004l 5 009 yidon &5908 slyls
Joaz g ool b cule calises gl (gl Ty o0 Gow (sla Crasd Slowlbs ;5 45 Wl 03,5 slpiiny 2002 Lo ;o
(2.14)
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Ty
2002 JL. ,o team 4 Rybar 1988 JLs,o Pulpitlova , Kittler =
2,45 -0 Rt
1,7 ol a3
3,30 2,5 o o
5,50 35 Sxio bl
- 13,0 399 loy 40 Sy sle 0l

TV oD Fguw &Lb ;,\.o_.s 214 J’A’

aids 1 slo wledlsl 51,2008 Jlo ,o Darula & Kittler lawg Ty ailale lawg! Jgoro sl cosd Jlo ok
c\.]a.gb L)».:Lw‘ » 2005 - 1994 sl JL.: BN |5)L...,:S|ﬁ 3O 0l LS)'..j o)'LxS‘ ‘_Af 6)1...‘2,.13‘ @L;..i}g) Dol AS goxo &/
el 0as 7,0 (2.15) Jgoz 10 9 00005 i 1 olo 5l S ye Ll mll 4l 0wl sl cewas (2.51)

D9 (et o (re S35 Slo b o0 0 ) Ty polie da (65 oIl SaS a4 (lgv oo ciliie (B9, b (uizmon

_ _In (EV,S /EVO)

(2.51) ) T,
a, m
Ty olo Ty ols Ty ols Ty ole
4,19 Jerviy 4,86 Yo 5,32 S 3,55 Tty
3,95 yaoles 4,95 ST 4,84 = 3,99 S92

(Bratislava 1994-2005) T, <505 (glidig yu pd o0l drogs slo caod 2,15 Jgu

2.3 Jlw
Sl oy slea ;0 10:30 celw ZS16 Gt U el jo Bl mhaw (o |y Bysh b 95 piian bl
5 (21) Jiwe sl ol o1, @=34,54° N, 4, =69,16° E, J = 218, 1 = 63,2° Sloglas .o les dmlxe

o5 oslizl (2.2) e 51, m = 1,1205 , € = 0,9697

:ww

a, = 1/(9,9 + 0,043 m) = 1/(9,9 + 0,043 x 1,1205) = 0,10052

olidy, o (6 eigd dnmle lal 5 e oo WIMP 2l slo axly o Eog aculxe sl (2.34) alal, Jsii 2
Ol ) Ty =5 18 &j908 Slidy,) o b dges Jlosl sord o3 anil p dges mhaw 10 IX ;0 Bvn (g0 )55 s

T by i e 0903 oolitul (6,00 Lol b (sl
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Evs = Evo € exp (-a, m Ty) = 133,8 x 0,9697 x exp (-0,10052 x 1,1205 x 5) = 73,863 KIx

Even = Evs sin y, = 73,863 sin (63,2) = 65,929 kix = 65 929 Ix

B 50 Evsh =65 929 IX e 881 Slidg, Do Cawl S 10:30 celis <16 70,6 4 500 (900 slon 5o

AR 7

Slowl yoi  2.7.2

56 S el pl b oy 5 sol 51 (o L0400 09y Slew | (g Ll Slidg, G e il sla i,

O gl 4 ) Sl le Sl Sl a5 o3 58 Cead (55 R 50 |y (5 prhasgail (Slgiome g pl sla Y S i
S IS5 a3 Kty yrhosgad] (L85 Sdlad (asls) amii plyie & Wlon S| cal 90,5 6Ky Snloies e
Cord 5l o9l b andl g by Buo oo 5l @)l (88l (olivg, o By (88l s Lasl (olisg) s (b

Job aales o> € (eccentricity factor) 55 . 5l zg 5

(252) (|X) Evo’h = Evo € Sin 7/5
g dalez oyl Kqd bwgald] g, ladl Cudlas dasin g
(2.53) ¢) Kda = Eva/ Evon

G99 s o A az gl oo, (o sl Kad caed o3l Glon & il oy 5 25,5 opl aY a5 08 e

- oo 1,8 oolanul 5,90 Evd (5,05 o5lail 51000 aalsl oo weSae JSKi 4 i3 oo Evd (Slew! (o Ll olisg, oo
5 €5 A 0wy b el eud (6,5 ol Sleglae o (sl g ol e S sl il oo Buon s 05
L Jsene polie (sgilan! gla by, S5 @ lgioe oael 05250 Gunlnd (nl 5l 05 dslme yo = (g, 5,TST)
Tobo (0ges (g i B0, 15T Sl 5 04y walss Evon g Kag oo asliss piiie e 2048 Jool> Kag sl g 0

(2.54) (1x) Ev.d = Kdd Evon

o o s B3 sl sndy S L Kag alale aasiin byt Jsore glo cond Sl sk
oo pll 2005 - 1994 cloles jo a5 Evd (625 ojlasl a5 40 (2008) JL. ;o Bratislava !, Darula & Kittler

Sl 00 7,0 (2.16) Jgoz 10 zuls ais gl Cawas oy
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bl byl oL Ll
_ ol _ _ ol
< Y &Sy Y &Sy sl
0,26 0,24 Jrovew 0,26 0,25 = 0,30 0,20 Sov=
0,28 0,23 eS| 0,26 0,25 Y 0,30 0,25 S905
0,29 0,20 lss 0,26 0,24 Yo 0,28 0,23 b
0.30 0,18 ol 0,26 0,25 ST 0,29 0,24 Junl

2005-1994 I3, Ko ol )08 > o dnogt (slo cansd 2,16 Jgur

2.4, Jo

39y S 0 e &g 4 10:30 celus bl 15 Z0,b j0 b el o 88l s o | (g lacsl a8l o lisg, ool

u.:LM:‘ » rg.b L: 9 (225) 4.]4:‘) LJ"’L""‘ » J.:‘y‘sa ULQ) w‘ )b }/5 = 58,70 g_JL.ST ELSL:)‘ J...)Lo.) \))51)) ULJT LJ“"L’ ujd.: LE)J‘
il (2.31) alaf, 4 515 €= 09948 350 51 55,5 ey 5 (22) Jlio o ol o

:d».:.o.nbu

205 50 dnmline (2.52) alayly 4y az55 b Evoh (5,95 (g0t 93 <ol L1
Evoh = Ew € sin ¢ = 133800 x 0,9948 sin (58,7) = 113732 Ix

Cood S 0 gl 28,5 a5 10 oo ,8 Sis pa b g 05T ey (665 o3l el o lgs o |y Kag o8 2
Dy on dmmle (2.54) ala, Lol 5 881 g Ll olidg, Do sl ool 5,8 Kgg = 0,26
Evd = Kgg Evon = 0,26 x 113732 =29 570 Ix

by as 10:30 celes ol 15 20, 50 LS o0 88l mhaws 0 Evg = 29 570 IX (g Llesl olidg, Gods oo,8 S &

el e a4y QBT 26 e 5l ey S S e

25 Jlo

s.’b-ﬂ 59 o 0 el 28 &b 0 B 0l y0 ) EV'g B Ll Hlidg, Gal ggeme 0039, Gl

@ =38,54° N, 4, = 69,16°E, GMT +4:30, J = 271

dlne (2.49) alal, oll p @y (2.2) Jls ;0 oy, 5l e by 0,5 olitel )5 o (2.35) alwl; 5l M aculxe lp

Jle o 4 (2.54) alaly @ azg5 b Evg g (2.52) alaly 4 a5 b Evon {2.50) alaly 4 az55 b Eysh w005 oo
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:Q.wl:u

(225) 4.'44‘) )‘ 7/5 M)P &LCU)‘ ‘55-“*\5" AML‘AA Tv = 5 )| oélﬁ.....u‘ Lu LS“B‘ C_Ia...u )0 EV,Sh 6&...;..05} p...n...m.n kS’L"MJE) 1

Dges o, (2.54) alal, 1o ooy eoliiwl Kgg = 0,26 oS a0 ylov oo |y Evd (s lacsl olisg, o 2

53,5 oo e (2.47) abaly 4 e Eyg g Evsh anles ggome 5l Bvg olidy, ggeme 3
3y Jsb oz 55 Evg s Eug Eugh slo camsh g o b ol LT e ol 3 521 ol 55 4

(2.17) Jgoz el oo s &

LT |2 Evon m ay Evsh Evd Evg
©) KIx i i KIx
6,00 1,94 4,497 58,510 0,016 0,04 1,17 1,21
6,50 8,08 18,673 7,466 0,062 1,84 4,85 6,70
7,00 14,15 32,477 4,153 0,076 6,69 8,44 15,13
7,50 20,10 45,655 2,930 0,083 13,52 11,87 25,39
8,00 25,90 58,029 2,299 0,087 21,30 15,09 36,39
8,50 31,46 69,335 1,921 0,090 29,25 18,03 47,28
9,00 36,71 79,413 1,676 0,092 36,84 20,65 57,48
9,50 41,52 88,064 1,511 0,093 43,64 22,90 66,54
10,00 45,76 95,177 1,397 0,094 49,41 24,75 74,16
10,50 49,22 100,597 1,322 0,094 53,89 26,16 80,05
11,00 51,69 104,243 1,276 0,095 56,95 27,10 84,05
11,50 52,97 106,057 1,254 0,095 58,48 27,57 86,05
12,00 52,93 106,001 1,254 0,095 58,43 27,56 85,99
12,50 51,57 104,070 1,278 0,095 56,80 27,06 83,86
13,00 49,03 100,309 1,326 0,094 53,65 26,08 79,73
13,50 45,52 94,788 1,403 0,094 49,09 24,64 73,74
14,00 41,25 87,594 1,519 0,093 43,27 22,77 66,04
14,50 36,40 78,836 1,688 0,092 36,39 20,50 56,89
15,00 31,13 68,681 1,939 0,090 28,77 17,86 46,63
15,50 25,55 57,298 2,328 0,087 20,81 14,90 35,71
16,00 19,75 44,892 2,981 0,083 13,07 11,67 24,75
16,50 13,78 31,644 4,266 0,076 6,32 8,23 14,55
17,00 7,71 17,823 7,858 0,061 1,64 4,63 6,27
17,50 1,57 3,640 107,649 0,009 0,02 0,95 0,97
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b yaie Condye coil oo olT Ll chai slaciel o 5 sari n )l gl e (rdsy oloms] dasiine S
auyg5 51 90° wgSae Cap ;0 (5 oii )0 Caod (el aSl 40 bl oo ol 93 e 40 (S edkis 0 oy s
JSs w08 sanlin 1) plan] (5 oaris s 6l cond (38, wil g e o381 e o (W1 2.27) IS5 ool su &l

(0227)

<

gy &l B9 e 2,27 S8
Sl (5 oaris s golaw bhs g5l Jow - o (fisheye picture) o1 s Jsis -

ol 0 1y Dlowl (F oaiisjo mieh amo o0 &5 sl ey sk 5o plaw] (S eartis ;o sl diged 5 oz
DReal w5 3l aiges S ogel il Jbe Ol @lsts & b b ol GLTh ad g s 4 85
ask bbb (W 2.28) JSo 0 gl plew! Ccarsy (lewl 5 eaiis o (inhomogeneous distribution)
(F o S5) YL 5 oonis o b (S5 &g |y b e eel oue] Coway LUMIDISP o155, 5l a5 5 ouis o
5 Jle S s s (g 2.28) US55 (o 2.28) S amo e ol plan] 8 (05 (o) (5 et )5 e
35500 (65 ol (5 it )s il Ky Lasgs 4 sl (SIS (sl o) )

Sl Ol 3 ol (F oniis s 55 2.28 JSi
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by gl plowl 8 ally 25 0ol Lol sgzg Slawsl (I eaiis e mish e lp 2k, Je niz
- o0 ObeSs olidg, Sud b aseie 6 piiie gie S plows] 450 ST o s ol 0 sal dlgin 1760 Jlo jo &Y
oSl B8 18 a5 0 15 e S (o loazly jo 4o 8 pl b o e 0l
(2.55) Lue/Lyz = 1
4l )
(CAIM?) (6 5 o5l asly b Slowsl jaie 5 oaes o -Lue

il e (CIM?) (55 ol sy b a3 S owntdys - L

S b1y gl plewl o (5 earis o Schramm sla 5,5 o5lail 4 1908 Lo ;o Kéhler (v o8 slosl ,o
10,5 Aol pwgis alal, sloslinal L 13 JI102 cos o a4 39051 b ceasd alolos o5k, e
(2.56) L,/Lhn=1+2siny
1Sl |
(CAIM?) (6 25 o5l asly b 7 elis ) o lows] jaie (5 oz -Lie
(CAIM?) (5 25 o5l oty b 531 o olaw] e 5 oanis s - Ly

il o0 (%) 55 ojlail oy b 381 YL o] jaie S eonis o glas,l-

S i )0 mje (il 9j0ue gl (2.56),L15 dolre wlul 5 1942 JLs ;0 Moon & Spencer daos
15,5 b 1y b alal, ol el o lens]

(2.57) L,/L,=Q+2siny)/3

58S Al oo (S eaiis )0 ol bshs digel ( 5 oaiis )0 aje5 9,90 ,0 MOON & Spencer bl L
15b 4 s plans] 5 CIE o0 o Slsie 1955 JLu 1o CIE Liwgs ke il il o0 o0l i (0 226) S
2% odliul o plazsle jo 5y, alidy, Slalme jo o] 5l a5 958 drogi 5 Sy upal 4 CS1ES
“so QL 1y 59y lidigy drwgs (31s Lame (651050555 sl Ll (0 el s 4l lows! CIE e (CIE16:1970)
09l E)ke &5 g b (>l @l g medg )0 Beio S e die) Gl el o ange Il aws
P s Glo ol 5 553 555 sl Lzl BB Je ol ol 45510 sels |, sl gn (55 5 (sl
o5 Jae g3 ooyl 19985 1997l o Uil o)Kan 5 S Lawg i olidios sl 3925 4 1967 Jlu o
e Jold assorme (nl ailie b 10 55, (2lids) g5 Lulyd caies (las a5 Wi S )l 1) plewl (5 eanis s
Olows! (cogee 5 y0in 6l CIE U L Jow ol ol oo o8] lowsl iy 5 60! dond (ylows] iy el oo (50! (ylows]
1SO 15469 5,uits 3illae ol 5 3,5 1,3 0l 0,90 5wt ae glo 5 0 Jloatul 5 o2l Zgz (gl CIE Lawwss
sl e (2004)

135



Slow| (5 ossuid )5 600w 23je5 2.7.4

5 @by sl ales plaisle jo (adse 1o lp 0)lai (Sl a5 ail oo aily sl s o 5o, (lids; £s
il (SigSr 85 55,5 oo i ol o (S5 5 e sl S 5 15l 5505 o1, SIS Sl 5 polic
@y byl JBla Gy 5 4y e gl o Lol azls 1y 5o, olidsg, 5l oolisl Cohld 00isS cpmns a5 il ol I,
bl Bl Wlgs oo ol ol Cems 5 Il b s LS T 0 45 50,5 e b ceed 25l g Wl 5 s o
- o0 Bl T o lasl aSile; ¢ (31 (slad 1o sl oo Lo 55> 4T 00,5 o g Jlges (ol 4 gl 9o Sl o
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Loy Ol Sl el jo w18 anl e 58 Cuz 0 o wiilioe b Glbl Sl by, (Lol ae
mio ey |l Gl gz o)l Sl zyl5 50 oo b g abled ge hend | aidjo3 558 e (SIS o eaiiS S
s lgawa 4 1993 JL. ,o o Kea g Perez (1985 JL. ,o ) Kea 9 Nakamura 4 1967 JL. ;o Kittler .oas
S92 59y by, 5l ael )5 soliiwl (gl p o] (5 oaris o au3e5 (so 03, a5 Wil sols las 2004 Lo o ), Sen
,o Ineichen (1988 JL. ,» Perradeau 1982 JL. ,» Pierpoint (1994 5 1981 JL. ,o Littlefair ool o o,
Wdges )l (5 oanis o olidy, e gsle Jow Sldlas 1997 Jls o o Sen g Lam 1994 L.

(CIE of the general sky) ylow! & gomxo (ol Hodl (y oumnes) CIE  2.7.5

debue 15T Sl 0,5 0035L 4 ylows] (5 oot 10 xuj95 (g 08, a5 audl ;0 1997 Jlo o ol Sen 4 Kittler

ool el Blo g oyl g I sl bl s essms ylis a5 Glew] 5l Jgeme slo diged s0iS poad U auled o
0o )l wles 5gei >k (INdicatrixX) (6,108 alis mlys o gom ax 0 wlgs J> ofy sl o uilxiog (55en Jow
e o8 Ll 5] alaisn Sallad Sy agish slo oy b 3 9,05 s S5 |y subagadl o 31 i 0 (sl i
50 b 1y Ll (ol 30 g At 6l plamT 31y 5 035555 pesl gt splen] ol Ll otns 25
52006 Jlo ,o o Ken 5 Darula .ol oo )5 oo ais Glewl b oMol 4 5 08 o (5500 saS SaS sl
&5 (G 00, wisls bl 1w o 1) Slidy, al (5,8 ojlail s 5 4525 2007 Jle o Wittkopf & Soon

idged al ) wibl go Bl sl s 5 e T eelBl o a5 el sl |y Glawel (ol

ogos o] (International Commission on Illumination CIE) 5 saiiis ;o o 23395 2.7.6
(§O Yo

5 ab cagal (CIE) olisy, Jedl o ygmnaS Lawgs 1997 Jlo jo o, en ¢ Kittler lowgs ool jiiie Jow

P g (S 0SS dulire (60 0k lews] poed sl Lol jixie 1SO 15469:2004 s jaiis lgie 4

Sges;l o asgly Oglis 9 Z iy agly Jawg Hlow] jaie Coadge Db 0 (2.59) dlayly @ azg5 L chx/ Ly, Sl
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28 Slewl jaie g0l jod o 7 65,5 sl Lo bg 098 oo a5 (2.29) IS8 @ jaie Sgasil s O anh )55

Zenith
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Ug
a

Olow] paie 5 oanis o ol dnle o, 2.29 JSCi

drnlne 3 Sy90 4 loms] paie g ploml 50 s yo3 Cuxdgn o ¥ (5955 gl ool b Gl y0 paie Cudye
9050
(2.58) = arccos (cos Zs cos Z + sin Zg sin Z cos o)
1Sl |
(%) 65 o3lail axly b ylow! jaie sy agly -Z
(%) 65 ojlailazly b oy o sl -7
() o0 o5l aml b oy = | - at|
(%) 65 ojlail oty b sl paie Siganjl -

il o (%) 65 ojlsl axly b Sl gessT -t

S g il o o olidg, Hlake oaims Hlis sy 4o lew] (5 earid 0 p plew] paie 5 eanis o Cos
090 o0 Cpmerd oS dolas 4y

| L 1) p(2)
@59 0 SICATCH

O yg0 Ay g g0 £ o) 5l Blpl jo Gwiﬁ;c)eéow)oqbﬁﬁaf‘q) Slews] yaze gl Lol 5 &b
00,5 oo dele

(2.60) o(Z)=1+aexp (b/cos Z)

DBl e i b 5o Lol b s ail e sl o @(/2) =1 381 0 g0 < Z < M/2 s> o

(2.61) p(0°)=1+aexph
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AL (S 0ALES 0 A &S Sl Odye g5 (SasSTy sases ylas f(indicatrix function) Solue U

(2.62)

(2.63)

Sy bogipe a5 Caxdge 5l 1 o] s gl alols o e
f(y) = 1+c(exp (d x z) - exp (d x ©/2)) + e cos® y
wilge b 18 cady 4 o cad
f(Zy) = 1+ ¢ (exp (d x Z) - exp (dxn/2)) + e cos® Zs
Sl )

Syaiies o Ll Glo Cengd ilics yehwsadl 4o e Ll gl Luls snms olis clayell - @, b, ¢, d

sl o @1, (2.18) Jsaz o cysizman 5 1SO 15469:2004

ey bl )y %
e d c b a
ool CIE 0l o] 0 | ono | a0 | 1
JBgeusl e s 9 G392 (s az o b
ST o2 2 S S e s b | 05| s | 2 | 00| 40 | 2
Sy 95
s JUgassl Ggr 9 o5 G az, by | 000 | 210 O | 08 | 11 | 3
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G 4250 O30 5k b el polie 5 oanis s les LucslesSy | 0,00 | -1,0 [ 0 | -1,0 | 0,0 | 5
Sz S (S odndiS s Sn aiobojl g a4z )0 (s 6 Lv;“ 015 | 15| 2 | -10 | 00 | &
Sy 5>
oy Blbl o 5 msly sl e b g ax e e sl Loy | 030 | 25| 5 | -1,0 | 00 | 7
&3y sandye Ug,S b o a0 g s Loy | 045 | 30| 10| -1,0 | 00 | 8
Joale s, bsplass| 015 | -15| 2 | -055 | -1,0 | 9
iy Bl s 5 mdly oo oS bsl | 0,30 | 25 | 5 | -055 | -1,0 | 10
T2l st 3 Ug S bl aei o bg 4 | 045 | -3,0 | 10 | -0,55 | -1,0 | 11
6! a9 Blo glewl CIE
JERVESPER IR S T FCHSR g 045 | -30| 10| -0,32 | -1,0 12
(With low turbidity, with a solar corona)
P ooy Godye> Lg,S Load eogll g 60l 9 | 0,30 | -3,0 | 16 | -0,32 | -1,0 | 13
5 &y Gdye> UgyS by &g b g0l g9 | 0,30 | -3,0 | 16 | -0,15 | -1,0 | 14
5ty g3 Uy S L (5,905 g o0l ad ol ool | 0,15 | 2,8 | 24 | 0,15 | -1,0 | 15

9 Slowsl (lids) s @255 dlins sl oyl )y 2.18 Jgur

Gy el caal gg, (800w L‘)LQ.JG? 0dLi 0 auiel plod a5 ail ails ol 4y a5 cwl )l e

heledoe ;o35 59y Job )0 a5 wiS e )5 w53 Dgenl 5wt o3 el L (S e Slasbe 3 el 0l 030

i Sgagl glo G @ azgi L1y lel 51 s, old slo diges b g, by, @al ailjg, Ol axlllas o

.(Darula, S. & Kittler, R., 2002b) 5405 ool3 (cawd o5 Ll
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ey €l sl Lyaf Lz solue bglaslSis 4y 3 jasiial lowl 95 033l (cond (5 0028555 @398 Jlie

el o o0l i (2.32) 1 (2.30) sl o %6 = 30°

270°

6):" oLo.wT (e L; LS ) 65[.......«: Jo5la>' 2.30 J&M\J

270°

Sl des plowl ans o (S ouris 8 (sslus boglas 2.31 S
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2l osm Blo lan] cond (S a5 (olas bghas 2.32 Y5

Ghlo la Caoud j0 (60 ok (S ol 0 23 2.7.7

B> o) (nl Cuje S o0 D)pe LT Sl s 5 e slooly b Jgeme job a4 (S5 Dlewls o

il s Olewlore gl yigy duglio 5 olidy,y 605 ojlail sl jo bilas Jan B> (S fagigd oy o Ol s
5 silig) paldl aallla g) iy, (3 e 53 s PR 53 e 057 Jloe! lyines |y o0l 0gah (il dtnon
3>ly 5 59, @bds) (s G Sl i S)lge (nl )0 P Slejoyg0 Ko e Wilaitle )0 (65l Brae bl e b
o] 5 oaris s a9 et plKin ool CAIM? (5,05 o3lail asly b 5 ouas s 10 5 oSs) o «itas sl

Dols = 2y O A Q‘g—'i <* ‘) (2-59) J?‘)}é

2.64 d/m’ L o T ez)
(269 fedim’) e e TZ.) 0(0°)

-0y ol el L(zenith luminance Lyz) asb oo Lz cusy (5 oaris 10 (2.64) doles jo anslisl o

1998 JLo ,o Kittler & Darula .o; ;yess acule 3o,k 5l Gl o b g 0,5 iy yad S il sl (6,5 ojlail 51 o3

Syl ol 5 sl e Luls o (zenith luminance) cu; (5 eoiis o dnle lp |, Slasle la Joo 58
libg; ©9,08 oy 5 (2.53) Kid yriesges! codlitn yisin (aslis ol adsl (59959 slo el 45 wogas

b e (2.19) Jgaz 4o Ty (luminous turbidity factor)
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Tv. Kad Tv. Kdd Ty Kad

4,0 0,23 V.4 11 12 0,42 1.3 7 *) 0,10 1.1 1

2,5 0,10 V.4 12 10 0,41 .4 8 0,18 1.2 2

45 0,28 V.5 13 12 0,40 V.2 9 0,15 .1 3

50 0,28 V1.5 14 10 0.36 V.3 10 0,22 1.2 4

4.0 0,30 V1.6 15 0,20 .1 5
0,38 1.2 6

055 oo )8 ool 5,90 Ty o (plply ciitan ST 8 Lyl 06 6 1 glyl S

(1998) oo 5 S Ty 9 kdd ol Aoyl (sl sl )by 2.19 Jous

Coms b 1SO 15469:2004 g0, 00 £45 ;0 sl Lol,S &b 4 (indicatrix function) 5 ailis ol eogome
I—VZ /Ev,d Cnd Ml;uo Lg‘x s.LJ;u ) JB“’)}B 05‘""(5‘ w).r.’ Evvd 6)Lw.u| (5&.91 &Ll.‘i:s) A » va w) ‘5? ol .)é

N S S

(2.65) (st Lz _ — p(0°)f(Zs )
Evd fz:o ja’:o [2(2)f( x )sinZcosZ |dZd«

3,5 63l sl 098 oo Jlosl 757 0l j95 (sl a5 (2.66) oy Joo,58 b les oo Iy
(2.66) (sr) Lvz/ Eva = [B (sin ) / (cos 7 )P + E sin %]/ Evon

%) 6505 o3l asly b sl lis | -6
(2.52) alay, (IX) (extraterrestrial horizontal illuminance) :,..; ;! 51,5 a3l 55 - Evon

(2.:20) Jgozr il o o] 55 (SisS 00isS Ly a5 la el 4 EsB, C, D
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b yol,b 05 &Y S5
E D C B A2 Al Slows]
0,00 0,00 1,00 54,63 1.1 1
50.47 0,59 3,68 12,35 | b da,s 5661 gl 1.2 2
0,00 0,00 1,00 48,30 iy o LT 1.1 3
44,27 0,57 3,57 12,23 | Laseie A2 3 AL clojal| 112 4
0,00 0,00 1,00 42,59 RECT 1.1 5
38,78 0,55 3,53 11,84 1.2 6
34.56 0,64 4,52 21,72 1,790 0,957 1.3 7
30.41 0,70 4,94 29,35 2,030 0,830 1.4 8
27,47 0,50 3,45 10,34 1,500 0,600 V.2 9
24,04 0,63 4,27 18,41 2,610 0,567 V.3 10
20,76 0,72 4,60 24,41 -0,750 1,440 V.4 11
18,52 0,74 4,43 23,00 0,710 1,036 V.4 12
16,59 0,76 4,61 27,45 -0,840 1,244 V.5 13
14,56 0,79 4,40 25,54 0,453 0,881 VI5 14
13,00 0,79 4,13 28,08 1,950 0,418 V1.6 15

Sejed o axly o plew elgil CIE (o (S arlno (sl o2y 2.20 Jgor

299 e (i b 51(2.66) alaly ol Gk 5l Wl oo (ST lulys gl Lz s

. c
(2.67) (cd/m?) L - Eva [B(S'“ ) | Esin 7/5}

N Evo,h (COSJ/S )D

9 LS’LJ] Ja.l‘).w C).w 6‘)‘.’ d?‘”’gs" oolazul 0,1 < EV,d /Evo'h < 0,4 6‘).3 9 ]/5 < 750 M)P &Lﬂ.’)‘ 6‘)‘.’ (267) d.]a.ab
Wl ooy Ty g5 0 Saly o ked/m? S o3lail axlg b Lyz awloee 1y (2.68) alal, Koo et 0500 SO
5 oo ooliiwl ail 0 1 < Ty <6,5 00game 0 Ty b g 16 <750 T jo a8 oy g5 elis,l Laylys (gl abal) oy

C

(2.68) (cd/m?) L,, = Asin y+ 0,7(TV+1)M
(COS}/S

+0,04.T,
(2.20) Jgaz il oo anles co (aseine ) (goudyos Lyl l a8 slayial,ly - AL A2 3 A= (AL X T, + A2)
30 < Yo o yo5 glas I b byl ol
solawl Wb b3 alal; & Ll (integration of gradiation and indicatrix functions) Xolae 5 oLol,5 wilgs pleo!

YW
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(2.69) L, = Evo,h (Ev,d/Evo,h) #(0°) f(Zs)
‘ i J.::o [#(Z) f(x) sin Z cos Z] dZ da

Z=0

‘_SLD uuj) )| oolazuwl l) u‘})gﬁ ‘) LVZ 9 EV,d /Evo'h J&m LSLQ w awl} aglais \.i) )Q 6)y .4,..15‘ Sladlas );)
5 il Hlo 1) Luz aculs sl Laly, 1997 JLo o MUNeEEr .ols aseis Sasjlys plite slo 65 o5l g (o L]

WAidgel piiie g A ‘;'\leo sl aads

2.6 Jt
7=10° 53l YL glis | Slatses L CO/M’ 5,5 ojlail axly b Lyg low] jaie o1, (5 ouas o

A5 1011 (IV.4) g9 sl (900 (89 00 Sgpm Lol amled awlee Jlos 5l oais (6,5 o5l @ = 130° cgas sl

-0 Os = 1AT,67°00 555 Sgeal g 76 = 38,02° 0t o5 el )| ooles o (i 1, 1ISO 15469:2004 s jucl 4

P IVA sl Gl a b,oc doe sl ylb wlegles Darula & Kittler (2004a ,2004b ,2005b) ol

Sl Cwd g s oLy, dwle (sl wges ooliiul g3 o (2.18) Jgux 5l p2 L ¢ ISO 15469:2004 s oz

Sges oolatwl (2.20) Jgax 5l iy oo AL A2, C, D slo sl )l

:d».:.wl.‘&o

sl sl cws L IV.A QLM,T S il £33 Sl QLM)T 2O S oo e L
el 00 iy a5 €= 0,45 3 a=-1,00, b=-0,55, c=10,00, d =-3,00
.(15469:2004/CIE S011/E:2003 , 2.18 Jgu>)

St ys5 Lol a5l Bzl 5 7 sy agly 105 g0 iy (sl sy Slaises lawgi lowl digel )0 paie Cuadse 2
ol e ) % 4 0z (solar meridian)
Z=90°-y =90-10=80°
9

= |- | = 147,67 -130]=17,67°

Sy o 5 9B o0 Al O 055 Dgenl 9 Zs ol o Sos gl 5l esliiul b len] o and o3 Cosdse 3
Tl e Ll e Sos asl;

Z,=90°- % =90 - 38,02 = 51,98° = 0,907 rad.

il oo b3 )18 (2.58) abuly 4 i 1 ool jaie 5 and o5 SuaBae crn (sl 4y alols 4
COS y = COS Zs Cos Z + sin Zs sin Z cos «, = cos 51,98 cos 80 + sin 51,98 sin 80 cos 17,67 = 0,8462
2 =32,20° = 0,562 rad. :as;lxil ;|
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(gradation and indicatrix functions) Sulae slss g Lol acwl=e .5
Lolaw] paie (sl GbolS &b -
@(Z2)=1+aexp (b/cos Z) =1 -1 exp(-0,55 / cos 80°) = 0,9579
) Sl obolS &l
@((0°)=1+aexp(b/cos0°) =1+aexpb= 1-1exp(-0,55)=0,4231
O L

f(y)=1+c[exp(d x x) - exp(d x ©/2)] + e cos® y
f(7)= 1+10 [exp(-3 x 0.562) - exp(-3n/2)] + 0,45 x 0,84622 = 3,0847

f(Z) =1+ c [exp(d x Zs) - exp(d x n/2)] + e cos” Zs
f(Z)=1+10[ exp(-3 x 0,907) - exp(-3n/2)]+ 0,45 cos? 51,98 = 1,7385

Sy e bl ,o Zg (indicatrix function) Sulae &b exp(d X ZS) JisigensS! gac o

Slow] gmd (5 oo )5 dlxe .6
ol g eog Sty 0 (S eaidiS o 4 el ate jo (5 eatds s Chd> o el o ([ eaiis o Sl
Logr wels (i g 958 (o0 drmslne (2.59) ala,

Lo/ L= 2) x () 1 (¢ (0°) x f (Z)) = 0,9579 x 3,0847/(0,4231 x 1,7385) = 4,0175

oles (2.33) s ,o 5 = 38,02° w95 glas | o CIE Standard 1V.4 1y Jlis c0ges ooy low! o 1) LSl aoj95

Sl 00l 0als

270°

caiboe % = 38,02° ups 95 elis )| sl CIE Standard 1V.4 saiss (las o5 lel oliss, ajes 2.33 sl

CAIM? (6,5 o5l axly L s S oSS e L7
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Jolie [ 5 oarid s e el Cowy Lyz = 4 404 cdim? o5 (5 oaiiS s Ceand 6,05 ojll L a5 el
Tl ey BalSE @ ylens]

Lo = Luz (Lo / Liz) = 4 404 x 4,0175 = 17 693 cd/m?
b oo pattiie Sej (5 odidiZ )0 Cead g
L ol bali ol olgice |y sy (5 oaniis o bl cod wyiws 5o Lz oo (6,5 o3lail slo cad a5 y50 5o
(lighthaze) lisg, gy05 L1, o pl jué Camdg S IV GlanT 8,00 diges 0g0i 55k Joo (2.68) alasl, & a> o5
Gy y5 5 AL =1,440, A2 =-0,750, C = 4,60, D = 0,72 slo el s 5w so HLaS prisga]
s e las [, Ty =45
100,80 oo o Jsl 5o (2.68) abal, 5l ssliiul a0

A=ALxT,+A2=144x45+(-0,750) = 5,73

1 delyS (i Codj (S eatdS o g

. (sin y,)°
L,, = Asin y,+07 (T, +1) —(Cosy P +0,04T,
S

Ly, =5,73 sin(38,02°) + 0,7 x (4,5+1) x (sin (38,02°))*°/ (cos (38,02°))*"* + 0,04 x 4,5 = 4,201 kcd/m?

09 oa Al ) O ygo 4y odds Sl paie o Ly ool g5le Jow QLM;T S oty
L,o= L, (L,o/ L) = 4,201 x 4,0175 = 16,878 kcd/m” = 16 878 cd/m’
: . 00"‘

céb,s Ly, =16 878 cd/m? oo ol Olow! paze o IV Lo s janinl (5 ooiis )0 Cod e S5 @

&3 O 3l s 0 b i 1) plawl egeme yolie o (5 oaris e sl ool alie (igy b oS o
el 00 03l 5L23 (2.33) UKo o a5 aline sl aiges aiilen et SIS 4y |,CA/M? (6 egigh asly yo 5 oaris o

LBl alidg, wal 2.8

‘L:.:Ju 3o L‘;’L"“5) »))ju_a )‘).9 oolawl Sy90 )9, L;?L.M)j) 5 bz, s_ALo‘).” 6‘)4 9 iz dwolie 6‘)" J>L> Jaw
Lo aigl a8 )5 a5 ve jg, olidg, (2hb jo b as sie Lol Gllasde (el 30 saxle o Sais e g )8
239 @E oIS ok 4 S ) g,y (2l eaies JUKT Ol we b g sl () (SIS L Wl eSSl
zob 51 e el coims aslu yolie Cumdae 5 0jlal (] o ojlail g b (SIS ComBge 4 el J3o lase J3Is
)10 (Ko (@l a5l (S Sz ize 9 3k (A 0l llyd o2l g S
Lgls by> w50 opl o (@l 2.34) JSG 00,5 oo 35 peie iy BLbI o oyl lews] o Saris s e
S w0 5l dgad Lol (s SIS o S 4 SIS (laore) olad aely o Sasis o ol S eais
SIS lad aysly yo (Sants s golue bslas 5ol )5 LT Ll chas Jsb 5o Silats jsb 4 (39, o]

145



o oals lis (0 2.34) IS0 (Sacis o adds jo aS jehailas il o Solite o2 5l Glbl o Cgz 4 Siwly jo

27
(2.70) (1) Evg = _[ L; cosOdw
0

el 00 o (SIS _Lisb gl g 45 S5 o by, lamsl 31 it ansgs g5 lazsles L5 L
o agly b SIS L apgl 51 el oo 13,5 L 0 03,8 (i audhyed adads Ll ol o a5 ald b g

P akis jo olewl 5l oliss, Joxs (2.35) IS il o gazme g Jirt g5, Gl asgly b lizren i 9 Qitl Sgen )]

20,5 (o0 dmle Ji3 Joga,58 4 Sl
Q417 j+1
(2.71) (IX) Eio= j ILW sinycosy dy da

i 7Vij

Eigf oo zrlaw (59, sl 51 (S 00iiS (uSaie ¢ Slowl Eig il oo LS5 e 52 a5 Ej slol o olisg,
olidg, ol Il cpl pled ggeme 5l Eipi (A3 oS WSaie g Bipg oo v (59, 5l Sy 00uS wSaie
T s Caws 4 (Egome
(2.72) (1) Ei = Eio+ Eig + Eipg + Eiyi

99830 7y (SIS (o5 j0 e Ced op VL alb o sl KB 4 (ABly Sl glad o Sanis e aies
aboo b5 Gl Gos )b &

OIS olad 4l o QLM,T ERERESNY Iy 2.34 Js<s
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...........
.....

e
7 |
Yi+1 > I
// |
- I
< Y=~ 4
P.ZRk—-" : '
Section
//
ai+1 e
//
>
e
N 00l | P—— s
\\
~
\\ a
B i
Plan No
~
~
~
N

SIS olad a4l 2.35 st

b ylexslo jo 39y 2Udgy 2Lyl 9 > 2.9

Gl alal gl JBlas Jol ag,kas 100068 oo oolaiwl b lasls 1o 59, olidy, Sad Sbj)l e,k g0 ol Jl>
SG 09850 (S (S i) e sla Cad 2l g 59, (plidy) Dad Az o b 5, (plidy) Sab cepe b alids,
S hls S cnl ol jlre eogaza ;0 ()T )0 9290 slayially 45wl (sl dilate oad by, (095 4 adbie
oS (B 4y aS (o 0 00,8 18 eoliiul 050 S 5o 0 wlg e g AN 5, (2lids; (b A Jabie 05t
atlign Jlo Jsbo ol 3 35, li, Ll 55 ol oS

Dol ki g b el g wlei e I amd 0 £ ol e So 0 &5 (plidy, Dud sla az o b pgs ks
Loy ooriws JB polie o ly JUd e Jl sl obdy, slo g ahloi oo @ald Jlo Jsb 0 1) 55, (2lids,
Salaiioo 15 00l (6,5 o3l glo a1 L eogds o ol ol ayylai ol a4y (lizran a5 Gl uled e (b adly ialS
29,5 ool b pleisla ;5 55, (2lidy) 5l fge sska 5 098 03l sy (alidy; peldl 45 Sas e 03>l

5 olile (b ay (S o] jlesliial wisd oo (p3s) 535 lidy, bz lo azyo bl Bl (Lo Jsb o
by (b sl mls Gy beme S a5l G5 (el Lulpd g 055 (bl (6l il anil e o) slails
L a5 (2.73) alal; 95500 285,15 & Dby, ol capo a0 5oy (lids, wud (b)) e lesle o 5,
Sl i Cwnd p pleisle 31 50 00l ool mhaw G 0 e abats S o S glidg; Gl Cweld -Bi cs
et Ot b O3l sl Olomsl S (go5e3 (558 b g eads s lail gl (g (Bl e )0 By (G by, ool o
oo B bl Duld Sl 90 e )3 i (G345)5% )95 e ileior (Ol el Sl (S ouidS s mie b

S0
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(2.73) (%)

D=100E/E,

ML"SA ;).‘> M(_gb‘.) D)j) @L..wj) s w)..a

145 5,9k 4 (2.36) S (U3 wSaie paie - Di g g 00l wSaie paie - De ¢ Slew! - Dy

(2.74) (%)

/

~

o

M) -mmmmmmmmmm--

~
<
—
s “E)
= e
|53 e
g b
|7 ~
aatys 2 §;f!...
[e]

ﬁ)&l-‘-‘:‘s) S gy damlo 5l (o) 2.36 J&&

eSS YL sl (5 ool Gty 5 bl e SIS almle e 5 awiin 4 odas 15b ) Sy, 458 S o

Syl (K Soym 9 LB BLbl Folau 3l e Gl e (S8 ale SS9 o Al o,k 5l e sl e
L e a5 (g5 duglin Sl G o 0o 5l ol ahals S )0 (ggmnlie phaw S o Wilgs o D s, ol Sul o
S Syealie s S 50 Wi D 5, alidsy Dok b 09d 2l eilion 90 o 1T M T SBLLI les

5@9:.& Caod 1090 Sbyl oyl alols e 5l g T T sogame a5 (65 duslie 4 G 40 wo JB pre e

Sy oo dumsle 4l 5l cisu b bl pled 1o Djj sle cwd 1 (2.75) abal

(2.75) (%)

D =(1/n)XD;;

i J] alais o 55, olidg, ©ol u po - Dij

bl o 4l Ho bl slass - N

sl 00 pnss STN 73 0580-1 o jouzis ;o LSTskos )0 59, olidiy, obsyl lp dalds g bojlxe ¢ Jlo j5hay

393 5 by Wy Slow] 1321 2.9.1

503 (el 65 o3l o b g alome (SIS Gayb Sl Oliee |y 5y lids) Sad o Slew Sl
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gy 2y s (ol el i sl (S5 slo 3,

6 loms] 5 0 1y Ll Sy 0,5 s, pS 2 a5 Wil e > b SdlS csla 3l 51 el gyl aiidS o
Sl el SICIE Joo (o sla o j0unl 10 aSul a azgh b .ail 00ges (o o (S 00idd ;0 (g0 ax,0 b aslg b
6l Baas Lidlowo 5 ol Slo IS5 4y SLS (gl Il 5,8 o 41,5 oolitl 8,50 113 oaiis 5 gy 4z )0 b 5o
Sl oo aislo Lol g5 0!
Kittler slo Lélxe 3 B.R.S sla Lil=e Daniljuk sle ol SLo aiis ,o

23,5 o )15 eslitl 5,90 Goee (Daniljuk's diagrams, B.R.S. protractors and Kittler protractors)

Sy lidy) S oS Glawl slizl i sl dslee slo Sy,
gy rizred ey 5 1295 g0 ooliial Gllone 5SSl e 5, lidy; byl sl epol> Jl 5o
Sloglae 5 ool aniigi o5 ol ol i 5 Jeloienloion Jos 53559 slo e8] 00,5 0)ls ol Gobol 2 (S
Jsor9 by plSen o)l a5 ablie (29 oS50 o5 12 oS jaie wibios gla b (S yslle)98 )3 (29>
) 35s 2lds) Sod s et ln dmibe o ) aialed (oo e | wid e plxil ] 055 Slenlne &5 la
G Sl 5 cmlie g 5 380 goue Slwbre (g0 5 (225 (Sl sl AbB S el 098 ez @ OlFs

A3l (SIS sl gy 4 Cod g, olidy, Dad gy

5o P alii cadge 5 USy (SIS e a0 (5 earid o 4 (2.37) JSo P oakaii o Slewl Slidg, Sod mlaw

slass aSiol G 4y Wb SIS il oo Sglae S oanisyo b (SIS jaie jo as Ll Sl (K 2z 0 o

20 Nl oo (Rl ated g ndy S5 cle a Ly plowl (5 00tis )0 Cad 09 e (g pate sl I ol
Tl 5z Bt e (A3 Slews] Ly, Dol ol L g s Ly Ceid gun asl J3s zlas

: . COS
(2.76) (Ix) Eio= J' L,, cosi dea, :I L,, cosi I—ZW ds,,

(CA/M?) (6,5 o5l amlg b (gouy s S5 maw jo jaie Fearis o Ly
{SN) &S ojlailaxly b (ol aygl; - @

2l o SIS aie - dS,,
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..))5—‘ wb:\;).v)kjiwc\a ‘) Ds

. cosy
cosi ds
(2.77) - b %) D. - Fio _ Jtw 12 v
* Ee ILW cosZ dw

— Z—S.W/Ts,nor c_s‘"et’“ g )9‘; JL""" ‘b)]"“ LSJ‘.“ QL‘"""’T CIE o)‘)‘“‘"""" ‘L’“‘)"‘" e I-W u*s w s o c; ol ‘)‘5

09 Ao 5 Oyge 4 b ((2.16) B9 o

1+ 2cosi sin?
T z-s,nor Cosy (1+ 2 l//)

(2.78) (cd/m?) L, =L,

(2.3) Jgaz 9l oo Jloygs S @ 595 JUal oy - Tg oy

39y 2bbgy Wl AS10 0 cuidd Wil Iyl 2.9.2

ol Olizmen 5 wledgo by, peiitene S5 0 pleidle 31 50 1) a2 pe v (lowl (50 )93 g ditas g5
5 Jlis la plexbo ol jload (wSaie joi 005 (o0 (p9) 35 (Somm 9 P10 gsbaw jlead (WSais yei b zola
5L cpaiz ol 5o 5 aiS oo 35i bl JSlo 4y a5 il olidg) ol g Sb (Sgm anSaie o8 ol 4 (rae) gelans
were Som Szl Ges a3 Guej v 5 LBl le plele Sl e Sl il oo WSSl (LB sl
Bl o Leols plsil ) g5 (lidgy ol Slewlre s aalile (g a5y )bl 105l g0 48,5 a5 )5 59, (5 oais o
Dy o0 Bygo )5 s 9 S dlaylgs 5l o5 elSal a1 slo o po b g ;00 Dl dSore e (JB
L b o2 oy Sl eslitul by (SIS g 4 Ol o0 3 mizmen 1) ) lidy) Dok oad Saie 2]
ops odd wSaie slil Glo Glp 2 Glele sla by Gy 0gel e (TAY-traCing) Lo, b,
leige (B plidy) slo ailes 5l jge 5l e 1) plate sl J3ls j0 Dyp y5i (lyz dazme je ey lids; Dad
& (Kittler & Kittlerova, 1975) akul, SaS 4 Hlei oo oloxed |, Di s, alids, wad L3l 6lizl Lawgie Caasd

:$)9| Cawd

(2.79) (%) Di =100 Eir _ Ta Sw P
E, S@-p)

5eSIS 55 e LS b 5l Sl g g slalias ay |, S5 pslas (2.80) alal, 4 ,ls Dy awloee sl BRS s,
wibe 7a = 0,85 gylaml g Jml cuys ol Glis aiis o el ol 5 oyd oSl s i e e

1S aalys o> Tasy (Hopkinson, 1966)
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— 085S
2.80 % = 299w
(2.80) (%) D S_2) (Cpy +5 py)

1S ] 3

(5) 65 ojlailaxly b bl ol cond (slajlgns 5 S5l 558 wlSail basgie oo = Oy

() 5 03wy L 3ol 51 iy S 5 Lo gps 5 i 51 55 olSadl Laogio oy =

350 5l ead (655 o3l JE wle agly 4 Sl 45 039 ouisS wle sla Gleisle Ol S eaiS Glo el gl - C
Dgdso e (2.21) Jgoo (SIS

80° 70° 60° 50° 40° 30° 20° 10° 0° 7%

5 7 10 14 20 25 31 35 39 C

C ol il slo csd 2,21 Jgus

2.7 JLw

A3 M g ails 5 a5 Glbl o 1) Di g, iy, S o pd (31 oaims LulSal sl bt Coacd
5 g gl ol (2.38) St abbice 4 X 5 X 2,8 M ol sl 3l amles drlome bl e gdly oo el
ok 5 55 el pd sl o oy, 0o glis,l S 50,9 M T bl 5 a5 24 X 1,5 M slal b gz opeSIS
WS o b a5 ezl o = 0,1 SIS 51y Orioor = 0,2, 0ceiling = 0,8 ,owan = 0,5 foib o ) 708 4 (A3
Syl 18 laasle sl 5l 5590 25 M 5 e mbaws 51 5YL 15,85 M

Aales ooliiul Di olidy, b cupd A5 0aisS LuSaie 1y anls sl BRS (2.80) alal,

—— _4\
08
-
~
~
~
~
~
555 w
0 Y ~ w~ -
% . >~ i “V o
2 ol v Ao
P ®
...S.©
o 1 =
VX
+3,0
04
1. 25 SIS 25 |
€ 21T 21
2’ P <
..+_
=
[ra 5 )
< 21
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" dcolme
1358 o e LSS 4 ouias gLy, wilas Coluw 1
Sw=axh=24x15=36m
faibiee iz S (B sl Colis ggerne 2
S = Stioor T Sceiling T Swan = 4%5 + 4x5 + 2x4x2,8 + 2x5x2,8 = 90,4 m?

2o o 75 A ol 55 S e 3
; = (pfloor Sfloor + Oceiling Sceiling + Owall (Swall - SW) + o SW) / (Sfloor + S(:eiling + SWall)
= (0,2x20 +0,8x20 + 0,5%(50,4 — 3,6) + 0,1x3,6) / (20 + 20 + 50,4) = 0,484

Blos G pg I b (sl oo 5l )58 Sl pS bangite Cad dralne 4
24 = (Pioor Stioor + Awal (Swatid = Swa) + P 0,5 Sw) / (Stoor + Swaita)
o= (0,220 + 0,5x(2x4x1,65 + 2x5x1,65 — 0,5%3,6) + 0,1x0,5x3,6) / (20 + 2x4x1,65 + 2x5x1,65)
p, = 0,365

Wb Gz oy B sk (@b Cend Sl g ulSasl o bt CaeS diloxe S
pu = (Peeiting Sceiting + Await (Swairg — 0,5 Sw) + pw 0,5 Sw) / ( Sceiling + Swai,a)
py = (0,8%20 + 0,5x(2x4x1,15 + 2x5x1,15 — 0,5x3,6) + 0,1x0,5%3,6) / (20 + 2x4x1,15 + 2x5x1,15)
5, = 0,630

- oo domilo 0,10 (18 SIS S 0 j0 aS oas aid )5 Ll jo alads l elay | JF auSl e il a5 S le gl )] a6
YL plexslo gl Tam ailb oo 3+ 0,9+ 1,5/2 = 4,65 M 5 coul ond 43,5 (e zrhaw jl Lo (3,50 15 5 353

1992 aly> iz (SIS S e
hg=15,85-4,65=112m

g alex L3 18 gl and (SIS g sl bl leasle o alold ‘J.:u @l 18 geblal less 35 0 4o SIS S

lF=25+04/2=252m
iBlbige B3 18 5 00,8 (oo dmmlma TR NE e 50 o 51 8 Sl il e ¢lis)|

7% = arctan (he /Ig) = arctan (11,2 / 25,2) = 23,96°

J120° Jlg 50 5o 7 = 23,96° cansd aSolmil 50,08 oo 13 oolitl 0,90 (2.21) Jgu C 2ol yialyb cpnns sl .7
Joles 3odas S 4 925 531 sla ces (interpolation) cpole 8 Jolss Lulol p Wl 0 C cnd ol o 30°

gy aaly> C = 28,62 Taw 3,5 coews (linear interpolation) as ole 8
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g o oolatwl (2.80) akayly 5l Dy g, oy, o oo A3 Gl lawgie Caand psd (gl ax o L8

Di = 2855 () 15 ,) =0,85x3,6(28,6x 0,365 +5 x 0,630) / (90,4 (L - 0,484)) = 0,892 %

' s@-p)

: 0.....

4 Di = 0,892 % 35, slids, Sod ey 3 00iS Saie 6lzl bangie Cead BRS o Lals, 5l ool L

el Cawd

39) ‘5,’,&-&3) Sl o o ey ouS u.m ‘5|}.'?| 2.9.3

Yoars 1,0 50 ulei s bl 1) 6,05 slalas )] ailon o o gl e 5 sl samls da S oo o Lozl
Olewsl by, 381 a4 ooy ,0 Wil JI8 b (SIS lie j0 a5 o pleaslo wls 0929 leislo 51 (g i (ST
olis a5 FPU agly 1) 105,55 bawg logiinns g po o ;o P abais « Comdy ol o (2.39) U5t asél o 4l
o olis |y 0,0 )13 a0 amio yo a5 P oadaii 1, lewl aus asgly o jo g e0gr 2.39 Ko o U gP F bl soses
ol 59, 225 Glo By oS sk a4 sd (o0 (pBgy (DPF aygli) oS sgae slod jlond (oSie )55 L g (a0
45,5 5 55 155 e ol 4 atlye el slai 5 alihs, sl sl o8 (slo alas 5 anlaie S 5,5 >
Comd  olidigy Gad lo Cd il oo pate [l caas jo Jglate 60l Hlow] CIE 5 ooiis o a5 bl 5l aigd o
s Ll o SIS ) slo Cead iy, ol limas aties Sslite ally ulyd Co% 55 SIS e
wlo g Glew! (S oais o 5110% 51 i B 4l s wle sle (5 oanis o a5 el ] asies oglite
r3ges ool 25 &jge 4 (i on | Al oo

(2.81) (cd/m?) L,r=01L,
1Sl |
CAM? (5 .5 o5l ol b 7 ol ) aggly o sloislos slos 5 oonis s - Ly ¢

R cd/m S o3lail o> 25 dgly 1o Slew! glixl 5 oois o -
Lo cd/ 26)75 Sllaxly by oolis )l asgly yo glowsl szt (S » Ly

Section

L
L
L]
Ll
L)
-
L]
-
-
-
-

Obstruction

reference plane

M
=Horizon G
S

(Obstruction) ;lasl asle asgl crss (6l paoy 2.39 S
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5 (P - Cr e La3) )55 0l J& 5550 a5 ol e 0508 Gl 1) (5558 Gl aslai potde Ol aSl
6‘).’>| ‘ML'GA Jau).og;ow)odapﬁwﬁbcb@@” A Aiubui)‘bg.w w).uuﬁu.o.:ﬁyobuT d.laa‘)
(281) 4.'4;‘) TR A.QJLSA u,.,.:alS ‘) Ds csll.o...u] 6‘)9‘ )5.'9 I8 L ).».v De 39) @L.....:}) [RW) w)..o IReeLy ‘}.S.u.uo

S ole oz 151 Gl e

(2.82) (%) D = f x Dgr
ST S
(&S o3l lamly b sazas gals oypo - f
oo 48,5 a0 sslme plazsle ale aygly & Ll i o oyl DPF aggly lawgs sadlioms « Dy glow] (sl3>1 - Dyr

il e % 65 o3l lasly b e

(2.83) ) - T
30 (1+ 2sin e )

Sgei drloe i alaly 4y Jlai o Cols) jshy olgise 1) S8 35 e sl augly Cadge aSulmil

(2.84) (deg) Ve 20,77 +01yp

L Lol 55 595 2libyy ol 2Lyl s >k lp Fluwlro b ol S9n  2.10

$lg5 sad 00l plowil (6 gualS SBS jl oolaul ooy s jo lileiSles )0 55, olids, (b g (cwiige (b
solatl 59, oldy, due J> sl il o a5 Slawle sla o154, 51 S, .Heim (2007), Reinhart (2013)

oy, Sod o 10,00 0939 polic [0 39,5 o elil pgd gt ;o el o ools Lis (2.22) Jgaz 0 cigd
cdim? 5,.5 o3lail axls b S i 0 5 IX (605 ol oy b by, ol 90 (5,05 o3lail axlg LD 5,

iy oo (INPUL data) (39,5 slo pB)l o a5 bl azils ol & Wb (s gmals slo olS5, LI plSin o

L1y 053 a5 Conl e loil jo ol cosil Oglite oo 5l o (OUtPUL data) 5,5 al5,) 5 00l (o3l I slo w65

2 skl az g wies 4 (29,5 sl ol st oo o)l Lo el )l oS a5 maled Js S cpmales Ll pl,Sg 5 Sg0n,
Szl ailrs bl «aiZie sl ol 55 551 colainl s o (IS jobo 4y vl ouls a8 5 L o Slawlows plodl S

oad §ilw b 2,25 Jsey88 sylo pl g ST .anil sos Dglite o 310l g0 B Ds 35, (olidhy; God o Slows]

sl ogaome dlul Casd (glyls 5 aily plaie a5 39 o o0l sla Bl 4y Ladd slazel LB als o )lge yiion jo il
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Sl 9959 o byl pU
http://www.ibp.fhg.de/wt/adeline/ S oo olidy, o D ADELINE
www.agi32.com S sz o D AGI32
http://www.bsim.dk sy, Gul Bsim
http://www.archlphysms.com/programs/dayl|ght/dayl D Daylight
ight.htm
http://www.daysim.com/ ebsgy wan D DAYSIM
http://appsl.eere.energy.gov/buildings/energyplus/cf wlitg, oas D EnergyPlus
m/reg_form.cfm
http://www.esru.strath.ac.uk/Programs/ESP-r.htm S 9 g5l ESP-r
http://www.ibp.fraunhofer.de/software/lesodial.html S oo olidg, o D Leso DIAL
Hraska, J., Stujber, M. SvF STU Bratislava D osv
http://radsite.Ibl.gov/radiance/HOME.html S oo olidg, o D Radiance
http://www.relux.biz olsg, was D Relux Pro

i . N e Velux
http://viz.velux.com/daylight_visualizer olsg, was D Visualiser
http://www.astra-zlin.cz D WDLS 4.0
https://www.solemma.com/climatestudio Shadow analysis, Climate

daylighting, annual glare Studio
@beds; cnle flos 5 420
Jlo dsb o 2leds) 9,
http://andrewmarsh.com/software/ Dynamic daylight, CIE Sky Software

Generator, dynamic
overshadowing, sun-path

Seolind 59, (ol
slo Ll CIE g5 5>

6,1;_‘{] o oo ¢ Solis

Development

S o ol 1) 9y iy 2 e 2] Gl 4 ead Sl (5 seelS slo 1S9 Cusyid 2.22 Jgu

2.8 Jlo

dwle 1) 0l 0 5 X4 X 28 M 4l lo ojlasl a5 Glbl S o 2z e mhaw )0 j5, (olidy, God oo e

oals >yl 0agll s Iga j0 g e 31 jo leslo (ol ool sads (029, 24 X 1,5 M SIS G L Gl anles

il oOwall = 05, )15.39 «Ofloor = 0,22 &5 Oceiling = 0,75 Gaaus )1 \.\.».))L.C Gl:}b C?‘L"“’ )| Iry u.;lS.s.S‘ o o ]

! ainds 93 SIS axtl o Pyround = 0,2 Bl (e sl 5 P = 0,2 Jlis leslo ol sles ooy = 0,1 5o
1 318 s il wlse Slatses T = 0,76 o] 53,k 5l 5e5 JESIL oogs lo i b

solail 39, olids, Gad slo o awsl=e sl Desktop Radiance ol,55, ;1 a[25, 10, 36], b[25, 10, 10]
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http://www.ibp.fhg.de/wt/adeline/
http://www.agi32.com/
http://www.bsim.dk/
http://www.archiphysics.com/programs/daylight/daylight.htm
http://www.archiphysics.com/programs/daylight/daylight.htm
http://www.daysim.com/
http://apps1.eere.energy.gov/buildings/energyplus/cfm/reg_form.cfm
http://apps1.eere.energy.gov/buildings/energyplus/cfm/reg_form.cfm
http://www.esru.strath.ac.uk/Programs/ESP-r.htm
http://www.ibp.fraunhofer.de/software/lesodial.html
http://radsite.lbl.gov/radiance/HOME.html
http://www.relux.biz/
http://viz.velux.com/daylight_visualizer
http://www.astra-zlin.cz/

¢ AustaLAD 2000 - [tarula. dw]
Ef Oe [ wew poet Fomat ok (raw Omemson Modfy ndow

DEEE0& Xm0~ & =
70 50 oo o = 5

=
BRestarBre ?

Bilaer

O By Byl

I
HeFdFITP 00 oo |d
T ]

il gl ezl g 3ol (g dwiia pus) 2.40 JSis
Sl wls slo lasl g lo SIS (Gl 4wnin 3D 050 o, 1
a alie Sl olys bl zokaw a5 g aplys sbe 040 oo soliiwl AutoCad o 3dface jgws oges pa, sl

Slbl ey s (g ,m ol led gy Azl (W SIS BLbl g i daylgs ((BesS wiile sl Y 51 S e

li ok s ol i 2
5 dwles ol Desktop Radiance ol 55, ,o Materials <. ;5 o 1, Attach Material o0

(2.41) U oS bl 1 olge ol sl 5L 9,90 sla el )b ousles o Materials Library g ,o

taterials Library.

Ibnl-aluminum

antique_copper
LEML Specularity: 30,007
|brl-antique-copper Transmittance: 0.00%
Foughness: 20.00%
| arctic_ice Feflectance: B5.61%
Specularity; 2.68%

Transmittance: 0.00%
Roughness: 1.00%

) | beige Reflectance: 36.70%
Specularity: 0.00%
1127 Trarsmittance: 0007
LESO91 Foughness: 0.00%
beige Reflectance: 27.80%
Specularity: 0.00%
1k128 Transmittance: 0.00%
LESOT Roughness: 0.00% w

>
Eind | Sortby | |Common name -

Attach | Cancel| PFDPBY“BS| Heln |

Slis sl Lol eei 3
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s 40 9 dwles Ll Desktop Radiance ol,55, ;0 1, Glazing w35 4 Attach Slicing au 55 wb

(2.42) S 5,8 Sl Glgs oo 1y Sl 0,90 Blad olge  Siul sl el Glazing Library

3 mim Clear Laminate
DuPont
dup-Eze_lite

3 mm Clear Laminate
DuPont
dup-Elugreen

3 mm Clear Laminate
DuPont
dup-Brn_lite

3 mm Clear Laminate
DuPont
dup-Azurblue

(£ ]

Attach ‘

Cancel ‘ Properties‘

Reflectance: 7.80%
Thickness: §.7E mim
Caolor: 3 rm Clear
Tranzmittance: 73.20%
Reflectance: 7.80%
Thickness: §.7E mim
Caolor: 3 rm Clear
Tranzmittance: 53.10%
Reflectance: 7.80%
Thickness: §.7E mim
Caolor: 3 rm Clear
Tranzmittance: 72.00%
Reflectance: 7.80%
Thickness: 576 mim
Caolor: 3 rm Clear

*

oort by | |Commaon name -

Help ‘

W

Gilas dlge Syl sla el ol S8 242 S

&2 ghe slopiel ) ei 4
Lo .o,5 1,8 Analysis Radiance .. ,o Define Reference Grid ;o 1, ls akais aSis olal § a0 zlaw glis)
(2.44 5 2.43) S 3903 cpuans a5 bl gl olgs o0 |y (2lidg,y sl 00isS Las by (5 oaris o (Sensor) sas

#= Grid Properties

Grid Mame: ||
Height

Grid Elevation:  |0.850000

¥ Height iz relative to curent elevation

Grid Dimenzionz

Mumber of Columns in the Grid: |2 3:
2 El:

Help |

Murnber of Bows in the Grid:

[ ox 1

Cancel |

| o

o g o Lo alais aSLs s 2.43 Ui
alai 453 ol 0 - o, Desktop Radiance ¢l,5 ,, ;o g - il
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304 GAID CATHO [FOTA [OSHAP [OTRU, Lw [MODEL

°MM6L°)WLQ->;°CJ‘M‘U°&244JS‘W

P g

ol sl oo ol o @l gie 511, aSil ab g el ooy sl Simulation ;1 Reference Grid g o
(2.45) U o waly> ,alls Workplane Calculation Setup SIS Taass Soe atiigs JB am> o 4 b aims
03,50 e ey 5 3oy wole 5 90,5 e LIl 5l e Camdse jlsie sl ploml sl CIE )58 al 5o
,» Simulation Quantity and Batch ,» Daylight Factor sl 51 e SIS Glea ;o Slawlxe sl Sloglas
.Zewl sus o0lel Simulation Mode

oy, Sod oo b aSid dwle lp 1) aie 18 S yd a5 ams o o5l>1 Leis 4 Option Batch to ASCIH oLl
Start aass 0,5 Jd 5l e cowled Lasin 39,

(2.46) JSo 09 oo 4wl External software Desktop Radiance o 34, oliy, Sob oo

Waorkplane Calculation Setup

Scenario Name |

“Workplane Mame |grid2 j
Accuracy | Medium |
Sky and Weather |CIE Overcast j
Location |Elratisava (none) j J
Month Day Time
Januany = | [toosasam =
Sirmulation Quantity Simulation Mode

< & Baich to ASCE

 lluminance " Batch to Image

& Daylight Factor " Test(ho image)

Simulation Nates

Start Queue| Cancel | Advanced‘ Help ‘
Workplane Calculation Setup aculxe s3lasl o, 5,15 oD p,48 2.45 S
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- a
c - \PROGRA™1\DESKT0™1\darula>del aaa2_ DF_grid2.out
Scenario Name | Simulation Type | CamerayReference | Mode | Quant Start

123
df
1
aaa
aaal
anal

Help | Displaytanalyze

o= \PRBGRR"‘i\DESHTU"'l\dm ulayrad

Rieference Grid | grid2 Interac| Daylic Duplicsr et Sl RaT i o Greon l)e)ge rad mat/1hn1/8k886.rad mat/lbnl/ 2k
QLS s o nats1hn1/3k303 rad glz/dupofourblae rad dan el
Peference Grid - grid2 Interac Daylic | dorula_n 81886, rad daruls_n 2k283. darula_n_3k383

Mone u

Reference Grid | grid2 Interac llumir . 2oont 4 lue. a1 s
. oconv i aaa2.oct da _g_azurblue_g ral aaa2l

Reference Grid - grid2 Interac Move do . mki 1 ab 1 2022800t "C" darula g szurbluc glass.vad 5°¢latzs20

Fief Grid | gric? Ints e ight soyroes fow

elersnce e av e aaa2.oct ilaB2520 > aaall.oct

Feference Grid _ grid2 Intera

Baaa?

e
Reference Grid 54 e 44&25&5*55:11

gricl?

Close_ |

=
QIR ¢ OO |

Processing entities: 23/23 ~
Synchromizing Database... Please Wait! >

Comnand

-2.4376, -3.8050, 0.0000

| Darula

Radiance calculation _zb acul=e 5 Simulation Manager jle acs pow SIS 2.46 s

P @l 6

ol o o Edit a3 51T 0 a5 LB o 15T g5 o o2 L g Display/Analyse asss 5l solawl b g5 oo 1) guls

odls 2bj,l bla Slaw b ool en jg, olidy, ot o Cayd aulxe 5l oo 80 Cud 090 Lra> ayled oo colaiul

] 00 o0ls lis (2.47) S8 30 x> e o

B aaad_DF_grid2.out - Notepad @@@
File Edit Farmat Wew Help
3.23341 -0.867987 0.8501 (0.0284217995 ~
3.566744 -0, 667587 0.8501 ©.0207960782
3.800077 —0.66?987 0.8501 0.0158223861
4.23341 -0.667987 L8501 0.012574081
4. 566743 —0.66?987 0.8501 ©.0103613309
4.900077 — .667987 0.8501 0.00884918928
5.23341 -0.667987 8501 0.007832876l6
5.566743 —0.667987 0.8501 ©.00711578565
5.900077 -0. 867987 0.8501 0.00485777196
6.23341 -0.657087 0.8501 0.00416517585
3.23341 -0.89020% 0.8501 0.0315148557
3.566744 -0.890209 0.8501 0.0224442179
3.800077 -0, 890200 0.8501 0.01465999034
4.23341 -0.890209 0.8501 Q.01l27538562
4.566743 —0.8950200 0.8501 0.0100736248
4.900077 —0.890209 0.8501 ©.00818602%12
5.23341 -0.890209 L8501 0.00675567145
5.566743 70.890209 0.8501 0.00566298538
5.900077 -0.890209 0.8501 0.00474262954
6.23341 -0.890209 0.8501 0.00422862431
3.23341 -1.112431 0.8501 0.033332071%
3.5606744 -1.112431 0.8501 0.0230198933
3.900077 -1.112431 0.8501 0.0173164083
4.23341 -1.112431 0.8501 0.0132292111
4.566743 -1.112431 0.8501 0.01039256504
4900077 -1.112431 0.8501 . 00840860504
5.23341 -1.112431 0.8501 0.00691724153
5.566743 -1.112431 0.8501 0.00584180535
5.900077 -1.112431 0.8501 ©.00481543085
6.23341 -1.112431 0.8501 (0.00427193014
3.23341 -1.334453 0.8501 0.0337432355
3.566744 -1.334653 0.8501 ©.0239003297
3.900077 -1.334853 0.8501 0.0174750276
4.23341 -1.334453 0.8501 0.013271%1681

v

o).~c5XaCt MS EXC6| Jsle .))\.\.I.lw 6[.% 'b‘)fﬁjs )‘ OQLMJ‘lJu‘yGA ‘) 39 ‘_;)L».w5) A w)»o LgBLw.A Ja9la.‘>

(2.48) JS5 5905 gy b o5k
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4’0 1 P T L 5 4’0
3,5 E 35
3,0 - 3,0
25 \ Y- B
—_ ] S A 25
£ ] 0 r 2
\N,z,o: o | G 2,0 os
] N F —1
15 o o - 15 — 05
1,0 |-/ E 1,0
0,5 E 05
00 +——— T T —F 0,0
0 1 2 3 4 5
x (m)

595 leds) Sab u o Slb Ceard 5 00l sy (Solis bghas Lo 2.48 S5

2.9 Jtw

a1y 0l 0 4 X 6 X 2,8 M T lo ojlasl a5 Glbl G 0 g o mhaw 48 jg, (2lidy, SGod oo e
ol el oo gy, el Ty = 0,76 1 o5 Jlanl 5 ol oo (o) aduiigo a5 2,4 X 15 M SIS SO L sl ool
Ll il 31 mskas 5l 5 olSil oy el 00 b ool L Tm )3 5,08 5 5o slasle
P =0,1 o azcs Pvan = 0,5 o g5 oOrioor = 0,22 &S Oreiling = 0,75 ain
B3 518 s ale b Lo wlaises wil oo Pground = 0,2 SlLbl s obaw 5 pF = 0,2 Llis oleaaslo ol glas
ool g o mhaw 10 55, olidy, Sod o e dl=e sl Daysim o155, 51.a[25, 10, 36], b[25, 10, 10] w«l
s les

il lo milse 5 o ST L L) (5] 4wtia 3D Gogai o,

S gl elSon b g CAD ol 555 51wl conlply 08 S50 3D jo o ous 45w sl ojl| DaYSIM 41,575
il ok wulei oo HI 500 S5 i L DAYSiM ol S5, g solitul olad Jao S olxl sl 3D lo,
3dface s L Desktop Radiance »,55,, .RHINO L AutoCad Ecotect SketchUp [Desktop Radiance
Bb G asl o Daysim ol S5, sl 99,9 Eamie 45 84 o oolitul cwdis Jae 950 e, sl AUtoCad
J9riS b 5l diges 00,5 e coliiwl DAYSIM ol 59, (sly a5 a0 Slosles ol a5 wules o olo! *orif aillas
Dges osalive (2.49) K& 0 g a1y ool oarsS
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(55 Lister - [CADAYSIM\DARULA\darula. i MR

o o{E e |

Sibor  Upravit Moznosti  Kédovanie Pomoenik

it Desktop Radiance Input File (rif) darula.rif for model: darula.dug
##t Created: Mon Oct 25 10:80:13 2610

it Desktop Radiance Version 2.8 Beta 2 Build 33a (R15.8)

fidreferencegrid= grid? Grid_grid2.pts
materials= mat/1bnl/RAL1888_Green_beige.rad
materials= mat/1bnl/8kE806.rad
materials= mat/1bnl/2k203.rad
materials= mat/1bnl/3k363.rad

mkillum= -ab 1

materials= glz/dup/Azurblue.rad

illum= darula_g_azurblue_glass.rad
scene= sky.rad

scene= darula_m_ral1088_green_beige.rad
scene= darula_m_8K806 .rad

scene= darula_m_2K283.rad

scene= darula_m 3k383.rad

#i@northarrow= nonedefined xform -rz @
ZOHE= I -193_478 98.7989 -51.0466 91.8872 -3.86 15.86
QUALITY= H

up= 2

INDIRECT= 1

# AMBFILE= darula.amb

UARTABILITY= H

REPORT= _1667

render= -st .801 -dj .62

view= current -uf current.uf

100 %

Radiance ¢, ,, 5o Lol oS Jg 85 bl 5l e 2.49 Jsi

(882 DAYSIM 2.0 (beta) - [CYDAYSIM/projects/] 1 -

=Nel X

File Site Building Simulation Analysis Help

Welcome to DAYSIM

Quick Start

In a nutshell, to set up a Daysim project, you have to:

Step 1 - Create a new Daysim project under FILE > >NEW PROJECT
Step 2 - Load an annual dimate file under SITE

Step 3 - Import a building model and a sensor paint file under BUILDING
Step 5 - Analyze your results under ANALYSIS

Happy Simulations!

In case you want to import your Daysim projects from Ecotect, you should initially work through the

'GETTING STARTED WITH ECOTECT/RADIANCE/DAYSIM' document which is available from HELP» >GETTING STARTED.
Otherwise, you should start with example 5. 1in the Daysim Tutorial {(HELP> >DAYSIM TUTORIAL)

You are also strongly encouraged to work through chapters 1 and 2 in the tutorial,

Step 4 - Calculate a set of daylight coeffidents as well as an annual iluminance profile under SIMULATION

Daysim 3.0 (beta) ;Lo 4 oS ol (oSt 2.50 s

08 oo 13U 59, (2lidg)y Gakas yo oled Cwend pde gile and o Sloj e g oSl
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i DAYSIM 3.0 (beta) - [C/DAYSIM/ projects/DaysimProject3-hea]

=

File Site Building Simulation Analysis Help

Place Description

Latitude

Longitude

Time Zone

Site Elevation

Simulation Time Step

Ground Reflectance

Project Climate File

BRATISLAVA_SVK

48,20

130.0

&0

0.2

wea/SVK_Bratislava. 118160_IWEC_&0min.wea

Load New Climate File | | Change Simulation Timestep ‘ | Open dimate file in text editor

Sy 0,l,0 ledbl pons 2.51 i

dplaislo Juo ogei 0)ly S

pBa ,0 . Xgh o o)lg DAYSIM ol 59, Lol 550 0 BUIldINg a5 51 oolaul b bo lasle Jow o)l 4o Sledlol

(Joe 3,90 5 Sledbl oglils iz 51 das 04 oo oolawl Radiance *.rif L « g p al> 0 0505 b

8 60 )5 o Hlauay il sas ols ylis (2.52) S e 4S5, skailen Shading Device 4 Sensor Point File 4, 55

29,5 ol Desktop Radiance Jos 51 *.ptS a0 4 16 oL Static Shading device (yoges L)

E52 DAYSIM 3.0 (beta) - [C/DAYSIM/projects/DaysimProject3.heal

-

Eile Site Building Simulation Analysis Help

rBuilding Model

rSensor Point Fil

Sensor Point File

C:\DAYSIM\DARULA\Grid_grid2.pts

Set Sensor Units ‘ ‘

Change Sensors

Mote: Scene material and geometry files are stored in the

project folder under rad™. 7
Edit Materials

rView Point Fil

DGP View File: no_DGP_view_fil... Select View File
rShading Devico

Please specify the shading decive type. 7

Static Shading device {induded in building geometry)

View Point panorama (MNE)

- Update

lozsles Jow 2.52 JsCi
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R PR WRIKY

.
CA\DAYSIM\bin_windows\gen_dc.exe | B S

gen_dc: calculate diffuse daylight coefficients
Cignore WARNING: neo light sources found)
{this simulation may take seweral minutes to hours)

gen_dec: calculate direct daylight coefficients
¢this simulation may take sewveral minutes to hours)

calculate diffuse daylight coefficients for variant static_system...
c:/daysinsbin_windows/rtrace_dc: warning — no light sources found
calculate 65 direct daylight coefficients for variant static_system...

lesle Radiance St 2.53 g

e e e -
odel do sk E] e
bor  Upgavy o
Nerton -
Google 7] 49 Vyhlodst - 4« & - | @ 2diclst~ B - | Ay Skontrolovet - ) Preklad = #f Automatick dopifa.. ~

% v B v Y s v Stgnav Bempeingste Nistrojgw
Preklad
i skt prictup zobrazie m x
i daylight performance metrics for all sensor points indidually. Definitions of these quantities are provided in chapter one of the Daysim Tutorial. To guide the reader’s eye, the following color code is used
n blue
sensitnity (CIE Categories il and IV) are shown in dark green and
o
e
Jes
20
1o
M Poditac | Ch pout 00
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Interior lighting - General principles and recommendations AS 1680.1-2006 L]
Daylighting - Part 1: Basic concepts and definitions NBR15215-1 D3ty
PWC Daylighting manual, Ottawa, 1989 PWGSC 1989 labls
Standard for lighting design of buildings E5iE IR iR GB 50033-2013 NS
Daylighting in buildings. Part 1:Basic recommendations CSN 73 0580-1
Daylighting in buildings. Part 2:Daylighting in residential buildings CSN 73 0580-2

) Sz Goskez
Daylighting in buildings. Part 3:Daylighting in residential schools CSN 73 0580-3
Daylighting in buildings. Part 4: Daylighting in industrial buildings CSN 73 0580-4
Loomulik valgustus elu-ja birooruumides Daylight in dwellings & offices | EVS 894: 2008 Lol
Daglichtopeningen van gebouwen Daylight openings of building NEN 2057 adls
Technical regulations for the Planning and Building. Updated by the Decree no. 77, L
regulation No. 1069, 29th August 2001 14 June 1985 <9
Daylight of building EN 17037 L) aolss
Tageslicht in Innenrdumen - Teil 1: Allgemeine Anforderungen DIN 5034-1
Daylighting in interiors - Part 1: General requirements DIN 5034-2
Tageslicht in Innenrdumen; Grundlagen 034-3
Daylight in interiors; principles DIN 5034- Wi

S . . o

Tageslicht in Innenrdumen - Teil 3: Berechnung DIN 5034-4
Daylighting in interiors - Part 1: Calculation
Tageslicht in Innenrdumen - Teil 4: Vereinfachte Bestimmung von
MindestfenstergroRen fiir Wohnraume
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Daylight in interiors - Part 4: Simplified method of determining window
sizes in dwellings DIN 5034-5
Tageslicht in Innenrdumen - Teil 5: Messung

Daylight in interiors - Part 5: Measurement DIN 5034-6

Tageslicht in Innenrdumen - Teil 6: Vereinfachte Bestimmung

zweckmaliger Abmessungen von Oberlichtéffnungen in Dachflachen

Daylight in interiors - Part 6: Simplified determination of suitable

dimensions for rooflights

Indoor Lighting Standard JIES-008-1999 okl
w sprawie warunkow technicznych, jakim powinny odpowiada¢ budynkii | Warunki techniczne

ich usytuowanie Rozporzadzenie

technical conditions, which should be met by buildings and their location | Ministra oy

Infrastruktury z dn.
17 lipca 2015 .
(Dz. U. Poz. 1422)

EcTtecTBeHHOE OCBEIEHHUE JKUIBIX U OOIIECTBEHHBIX 3IaHHH CI152.13330.2016 s
Daylighting of residential and public buildings SP52.13330.2016 =
Daylighting in buildings Part 1: General requirements STN 73 0580-1
Daylighting in buildings Part 2: Daylighting of residential buildings STN 73 0580-2

LS5k
Daylighting in buildings. Part 1. Basic requirements. Amendment 2 STN 73 0580-1/22

. o . Vyhlaska &.

On details of lighting requirements for work places 541/2007 7.2 MZSR
Byggnadsutformning — Dagsljus — Férenklad metod for kontroll av
erforderlig fonsterglasarea )
Building design - Daylight - Simplified method for checking the required SS914201 O
window glass area
Lighting for buildings: Code of practice for daylighting BS 8206: Part 2 Lk
Daylight in buildings EN 17037 b, 4ol
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APPENDIX VOCABULARY

DAYLIGHTING - DENNE OSVETLENIE - ME ®YXIKO ®QTIEMO - GUNISIGI ILE AYDINLATMA - ja, Udog) 3l (559540 — & 5Ldl 5:L5YI

-

English Slovak EAAviké Turkish Au ) (89) )0
absorptance ¢initel’ pohltenia svetla ATOPPOPNTIKOTNTAL sogurma garpant Sl 5 oz Jele
artificial sky umela obloha TELVNTOG OLPAVOG yapay gok LeliaoYl clod! segias o

assessment posudok, posudenie a&lohdynon degerlendirme PO, b)) (o

turbi diiﬂgi?gfg; Linkeho ¢initel zékzlllu TOPEYOY ATHOCOUIPIRHG Linke’ye gore atmosferik SN 55la5 Jole 5z 5l gl ae Jale
Linke atmosféry 06Awong Tov Linke bulaniklik ¢arpam (Sl | a4 oy (rdrasgesl)

artificial lighting umelé osvetlenie TEYVNTOS POTIGHOG yapay aydinlatma seloYliclihoY! g olidg,
attenuation zoslabenie e€aobévnon sondiirme, azalma, zayiflama Chnhss s

azimuth azimut al1ovio azimut ol (Coo) Dgan 3]

cardinal points Svetoveé strany T0. onueia Tov opifovta dort ana yon aass oo, Juo 5 akass

centroid tazisko (geometri:}(:'s};(; KEVTPOELDEC geometrik merkez gl alazl S S e

clear window svetly otvor okna Kabopd dVO}yua net pencere agiklig 30l s Lo o ):w b saxle
aperture mopafHpov (@las Slaislo ojlail)

complex zlozeny, zlozity GUYKPOTILLOL kompleks; karmasik &oo &oo

cones Capiky KOVOL koniler VNN (@d) by,
conjunctivitis zéapal spojiviek emumepukitida | konjonktivit; konjonktiv iltihabi dozailoll ol aozitle Gl
contrast kontrast avtifeon kontrast; karsithik ool Sl S

day number ¢islo dita v roku ap1Ouoc nuépac giin sayist | &l b sbYl sae Jlos 5 55, ol
daylight denné svetlo QLGIKOG POTICUOG glinig181 JUSUIe 395 595
daylight climate | prostredie s dennym svetlom | «Aipa puoKoD POTIGHOD glinig1g1 iklimi el =90zl 595 08 b laeme
daylight Factor Cinitel’ dennej osvetlenosti | Topdymv LGIKOL TIGHOD glinig1g1 ¢arpani Sl sg8 Joles 395 59 Jele
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English Slovak EAMvika Turkish dyg yal| (839 )V

day lighting denné osvetlenie LLE PLOIKO POTIGUO glinig1g1 ile aydinlatma 4Ll a:LaYl 395 2l

declination deklinacia amdKiion egim; reddetme; sapma Sl yzl Joles

deflection ohyb EKTPOTN sapma, dénme oVl s NJES

diffuse difuzny (rozptyleny) didyvon yayinik Ll el

diffuse illuminance difuzna osvetlenost d1aLTOG POTICUOG yayinik aydmlik 8Lyl Lal elss, ool lasl

diffuse irradiance difizna oziarenost’ dtdyvt aktvofolrio yayinik erkesel aydinlik el delasyl Sanb b el Ll

dimmable stmievatel'ny OKLIGIOG dimmerlenebilir Codsell 6 o9 iy Julds

direct illuminance priama osvetlenost’ GPLECOGC POTIGHOG dogrudan aydinlik 5 pioleo 3:L5] i b oS bh ¥

ine

direct irradiance priama oziarenost’ dpeom axtvoPfoiio dogrudan erkesel aydinlik ilee glal oxbiame il

directiona_ll light smerovy prestup svetla |  katevBuvtikn diddoon ewTdg yonlu 11k dagilimi azgoll sqall &3l )9 (s yguS
transmittance

eccentricity factor Cinitel’ excentricity TAPAYy®V EKKEVTPOTITOS cksantriklik (dis mergl;eélzillg Loyl Lle Sl zeys Jele

ecliptic ekliptika EKAETTIKT ekliptik ool e Jlo Job yo ol e

emit vyZarovat’ EKTEUTIO yaymak, ¢ikarmak Sl O gl

equation of time ¢asova rovnica e&iomwon Tov ypdvov zaman denklemi gl dslae Oloj dloles

equator rovnik 1oNUEPIVOG ekvator ey las gl L

equinox rovnodennost’ onpepia lim, ekinoks Jlaceyl 39 5 e Jlaze!

erythema erytém epuONLO kizariklik, eritem ole> Lot

extinction extinkény koeficient , , o o JUCTUTON ] PN TS

coefficient Raylelghoyej GUVTEAESTIG OTOGPEONG soniim katsayisi Jolro Lol )] L, e

atmosféry 2 S

abgos 5l 7l casles

extraterrestrial mimozemsky eEoyMwog diinya dist N o)

(nad atmosférou)

(67 b yhugadl 51 VL)
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English Slovak EAMvika Turkish duy 4l (8y9) )8
externally reflec- exteriérova zlozka Cini- séwrsp LR OWOLK}L,(D HEVI giimsig1 carpaminin dig | 34 B SV Jolse e CHEEE
ted component of tel'a dennej osvetlenosti OVVIOTOD TOL apayova ansimig bileseni Jl J9, (o liiss
Daylight Factor ) (QLGIKOD POTIGUOV Y 3 OISy e 29 5
factor Cinitel’ TOPAy®V carpan Jole Jole
figured glass profilované sklo Loypapiopévo yua ylizeyi bicimli cam NIt ool oolalSl Al
geographical ,[ISSE; geograficka Sirka YE@YPUPIKO TAATOC cografi enlem 2l sl sl el o
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Glossary

Selection of terms encountered in acoustics, psychoacoustics and vision

A

A-weighting

Generally, the sensitivity of human hearing is restricted to the frequency range of 20
Hz to 20,000 Hz, with greatest sensitivity centered in the 500 to 8,000 Hz frequency
range. Above and below this range, the ear becomes progressively less sensitive. To
account for this feature of human hearing, sound level meters apply filtering of acous-
tic signals according to frequency. This filtering is called A-weighting. Sound pres-
sure level values obtained using this weighting are referred to as A-weighted sound
pressure levels and are signified by the identifier dBA.

Acoustic center

The point in space of the origin of sound. For a sound emitting transducer (e.g., a
loudspeaker), the point from which the spherical waves appear to diverge as observed
at remote points. (See also acoustic origin.) [3]

Acoustic environment

The complete set of all objects and their respective physical properties having an in-
fluence on the sound field that surrounds a listener. The acoustic environment is a
major determinant of perceived sound quality because most of the sound emitted by a
source (e.g., a loudspeaker) typically arrives at the listener through a multiplicity of
paths. (A single bounce off an object is termed a "first-order” reflection, two bounces
a "second-order reflection,” and so on.) Each time a sound reflects off an object, the
object's material properties affect how much each frequency component of the sound
wave is absorbed and how much is reflected back into the environment. Sounds can
also pass through objects, including such "substantial” objects as walls, ceilings,
floors and windows. An object's material properties and its geometry—its corners,
edges, openings, shape, size, etc.—often influence sound in ways more complex than
just reflection, including diffraction, refraction and diffusion. [3]

Acoustic origin
The point in time at which the signal originates. (See also acoustic center.) [3]

Ambience
In room acoustics, early reflections and reverberation. The audible sense of a room or
environment surround a sound source. [3]

Amplitude
A parameter of sound related to the extent of oscillation of a vibrating body, of sound
pressure, or of an analog voltage. [1]
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Amplitude envelope

The function describing how the maximum amplitude of a sound waveform evolves
over time. The amplitude envelope is often characterized as consisting of four parts:
The attack portion ((i.e., the part during which the amplitude is rapidly increasing);
the decay portion (i.e., the "backside" of the attack, during which the amplitude is
rapidly diminishing); the sustain portion (i.e., the part during which the amplitude is
relatively stable); and the release portion (i.e., the final part during which the ampli-
tude diminishes into silence). [3]

Amplitude modulation.

A change in amplitude according to a periodic or aperiodic function. If the modulation
is done periodically, its effects on the carrier tone can be described in two equivalent
ways. The first is by simply describing the result as a repeating change in the ampli-
tude of the carrier. The second is to describe it as a mixture of a fixed intensity carrier
with a number of additional fixed intensity tones, called "side bands.” [1], [4]

Analytic listening

The ability of a listener to perceptually isolate individual elements of a complex sound
or sequence, such as frequency components in a complex sound or individual events
in rapid sequences. In synthetic listening. the tendency is to perceive sound complexes
or temporal sequences in a global fashion. [1]

Anechoic chamber

Literally, without echo. An anechoic chamber is a low-noise, highly absorptive envi-
ronment, often used in acoustical testing, that allows the direct sound of the device
under test (e.g., a loudspeaker) to be measured without contamination from reflections
off the chamber's walls, floor or ceiling. [3]

Anisochrony
(See Isochrony.)

Apparent motion
If two lamps at two different locations in space are flashed in close succession, the
viewer obtains an impression of motion between them. [4]

Apparent source width (ASW)

Discovered and developed by A. H. Marshall, ASW is a subjective parameter of spa-
ciousness in concert halls, and is related to the level, at the listeneris ears, of lateral
reflections in the first 50 to 80 milliseconds after the arrival of the direct sound. In-
creasing the ratio of this reflected energy to the direct sound increases the sense of
spaciousness.

202


http://www.keithyates.com/glossary.htm#anchor625046#anchor625046
http://www.keithyates.com/glossary.htm#anchor560190#anchor560190

Attack
(See amplitude.)

Attenuate, attenuation
The lessening of sound signal level due to divergence, absorption, reflection, refrac-
tion, diffraction, etc., typically expressed in decibels. [3]

Auditory environment
The perceived image of the acoustic environment; the way the acoustic environment is
perceived. (See also virtual auditory environment.) [3]

Auralization

The technique of using computer-based mathematical models of an acoustic environ-
ment and 3-D sound processing methods to make audible the sound field of a source
in the modeled space. Somewhat analogous to building and viewing a scale model of
a contemplated building, auralization enables an acoustician or sound designer to
build a computer model of a listening space and then "play" the room'’s sound through
headphones. [3]

B

Backward recognition masking (also called informational masking)

The reduction in the ability to recognize a sound pattern due to the subsequent presen-
tation of another sound pattern with similar information content. This kind of masking
is thought to result from a process different from that or normal (sensory) masking.

[1]

Basilar membrane

The organ of hearing. More specifically, a membrane that runs the length of the coch-
lea which is a bony, fluid-filled spiral in the inner ear. The basilar membrane per-
forms a kind of frequency analysis of the incoming acoustic signal: different locations
along the membrane vibrate preferentially in response to different frequencies. The
hair cells connected to each part of the membrane thus preferentially send neural in-
formation about the presence of those frequencies to the brain. The spatial pattern of
activity along the basilar membrane thus encodes the frequency content of the signal.

[1]

Blind spot
(See scotoma.)
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C

Cochlea

The snail-shaped cavity, approximately 1-1/4 inches long, 3/8 inches wide and 2 inch-
es high, in the temporal bone that contains the basilar membrane which is the organ of
hearing. [4]

Complex tone
A tone composed of two or more pure tones. [1] (See also spectrum.)

Compression

In acoustics, the portion of a sound wave in which air molecules are pushed together,
forming a region with higher-than-normal atmospheric pressure. The opposite of rare-
faction. In audio signal processing, the reduction in dynamic range caused by a com-
pressor. [3]

Concha
(See pinna.)

Connectionist network or parallel distributed processing networks
(See neural net.)

Critical band

A range of frequencies surrounding the frequency of a designated pure tone. When
other pure tones whose frequencies are within this range are played at the same time
as the designated tone, the auditory system does not hear the two completely inde-
pendently. The designated tone may be masked (see masking), beats may be heard, or
other forms of interaction may occur. The size of the critical band increases for higher
frequency tones, ranging from about 100 Hz for low-frequency tones to above 2 kHz
for very high ones. [4]

Critical distance

The distance from a sound source at which direct sound and reverberant sound are at
the same level. [3]

D

dBA
See A-weighting.
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Decay
(See amplitude envelope.).

Decibel (dB)

A unit of the intensity of sound. The decibel (abbreviated dB) is a relational measure,
expressing the relative intensity of the described sound to a reference sound. The dec-
ibel is a logarithmic measure, specifically 10 times the logarithm of the ratio of two
voltages, currents or sound pressures. A difference of 20 dB between two sounds
means that the more intense one has 10 times the amplitude (100 times the power) of
the softer. A single decibel is commonly thought to be the smallest change in sound
pressure level that the trained human ear can detect. [4]

Diffraction
The bending of a wave front around an obstacle in the sound field. [3]

Diffuse field
Sound field in which the sound pressure level is the same everywhere and the flow of
energy is equally probable in all directions. [3]

Diffusion
The spatial and/or temporal scattering of sound energy. [3]

Diffusor
An acoustical device designed to spread sound reflections. [3]

Directional transfer function (DTF)
(See head-related transfer function.)

Directivity factor (Q)
The ratio of the sound pressure squared, radiated directly ahead of a sound source, to
the sound pressure squared radiated in all directions. [3]

Discrimination.
The perception of fine distinctions or differences between stimuli. [1]

Duplex theory
(See localization.)

E

Echo
A sound wave which has been reflected or otherwise returned with sufficient magni-
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tude and delay (typically >90 milliseconds) to be perceived as distinct from that di-
rectly transmitted.

Envelopment

In concert hall acoustics, envelopment is the second component of spaciousness, and
generally describes a listener's impression of the strength and directions from which
the reverberant sound appears to arrive. Listener envelopment (abbreviated LEV) is
judged highest when the reverberant sound seems to arrive at a person's ears equally
from all directions--forward, overhead and behind. [2]

Eustachian tube

Also known as the auditory tube, the Eustachian tube is an approximately 1-1/2 inch
long conduit that serves to equalize air pressure on both sides of the tympanic mem-
brane (eardrum), and to allow for drainage of the middle ear by serving as a portal
into the nasopharynx (a region of the alimentary canal). [3]

F

Filter

A device that can change the relative amplitudes and phases of the frequency compo-
nents in the spectrum of a signal. A high-pass filter attenuates low frequencies and lets
the high ones pass through. A low-pass filter does the opposite. [4]

Fission boundary
(See temporal coherence boundary.)

Flutter echo
In room acoustics, a series of specific reflective returns caused by large surfaces being
parallel to each other. [3]

Fourier analysis

A mathematical analysis of waves, discovered by the French mathematician Fourier
(1768-1830). Fourier proved that any periodic sound, or any non-periodic sound of
limited duration, could be represented (Fourier analysis) or created out of (Fourier
synthesis) the sum of a set of pure tones with different frequencies, amplitudes and
phases. [4]

Fourier transform

A mathematical description of the relationship between functions of time and corre-
sponding functions of frequency; a map for converting from one domain to the other.
For example, if we have a signal that is a function of time--an impulse response--then
the Fourier Transform will convert that time domain data into frequency data, for ex-
ample, a frequency response. [3]
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Fovea

The central portion of the retina where visual acuity, or the ability to distinguish small
objects and details, is greatest. Only about half a millimeter in diameter, the fovea is
the retina's "rod-free zone" and is densely packed with cones. (See also retina.) [3]

Free field
An environment in which there are no reflective surfaces within the frequency region
of interest. [3]

Frequency

A measure of the rate at which something repeats. This term usually refers to the repe-
tition rate of a periodic waveform and is expressed in Hz (cycles per second) or kHz
(thousands of cycles per second). The period is the inverse of frequency, or the
amount of time a single cycle lasts. [1] (See also harmonicity.)

Frequency component
(See harmonic.)

Fundamental frequency
(See harmonic.)

G

G (strength factor)

In concert hall acoustics, the ratio, expressed in decibels, of the sound energy at a seat
in a hall that comes from a non-directional source (usually located successively at one
to three difference positions on the stage) to the sound energy from the same source
when measured in an anechoic room at a distance of 10 meters. G is measured in six
frequency bands: 125, 250, 500, 1000, 2000 and 4000 Hz. [2]

H

Harmonic

One component (or partial, or overtone) of a complex tone whose component fre-
quencies are all integer multiples of a common fundamental frequency (see frequen-
cy). The intervals between components of the harmonic series are defined by har-
monic ratios (i.e., ratios of simple integer numbers). The term "harmonic ratios" can
also be applied to very low frequency rates of repetition as are found in rhythms. [1]
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Harmonicity

The state of being harmonic or periodic. Periodicity is mathematically synonymous
with harmonicity, though the former refers to a regularity in the sound's time descrip-
tion while the latter refers to a regularity in its frequency description. Contrasting
terms to this one include inharmonicity or aperiodicity (usually for complex tones
composed of inharmonically related partials) and randomness (usually employed to
refer to noise waveforms). [1]

Haas effect
(See precedence effect.)

Head-related transfer function (HRTF)

The frequency response between the point in space where a sound source is located,
and the ear, due to anatomical features of the head, upper torso and pinnae. These fea-
tures shape the response in such a way as to allow the ear to localize a sound source in
space. (Also known as head transfer function [HTF], pinnae transform, outer ear
transfer function [OETF], and directional transfer function [DTF]. See also local-
ization.)

Helix
(See pinna.)

Helmholtz, Hermann von.

Scientist who, during the second half of the 19th century, contributed to our
knowledge about almost every topic in the fields of perception and sensory processes.
Helmholtz argued that perception was based upon a process of inference, in which,
through past experience, we infer from the sensations we receive at a given time the
nature of the object or event that they probably represent. [3]

Hz.
Abbreviation of Hertz. (See frequency.)

IACCA (interaural cross-correlation coefficient)

The measure of the difference in the sounds arriving at the two ears of a listener fac-
ing the performing entity in a hall. IACC is usually measured by recording on a digital
tape recorder the outputs of two tiny microphones located at the entrances to the ear
canals of a person or a dummy head, and quantifying the two ear differences with a
computer program. IACCA is determined with a frequency bandwidth of about 100 to
8000 Hz and for a time period of 0 to about 1 second. No frequency weighting is used.

[2]
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Impact Isolation Class (11C)

A measure or specification of isolation effectiveness of building structures from im-
pact noises such as slammed doors, dropped objects, footfalls, shuffled furniture, etc.
The higher the 11C rating, the better such isolation. Impact noises can be transmitted
through walls, floors, and ceilings throughout a building and re-radiated at distant
locations. Careful design and special construction materials (floating floors, isolation
pads, resilient channels, spring rails, flexible connectors and hangers, for example)
can help improve IIC ratings, which may be thought of as the structure-borne equiva-
lent of the airborne noise ratings addressed by STC. [3]

Impulse response
A measurement of sound pressure versus time, showing how a device responds to an
impulse. [3]

Information processing

A key concept in cognitive psychology. Drawing on the image of the way computers
work, information resulting from stimulation of the sense organs is analyzed and
transformed by a number of serial and parallel processors (see neural net) each of
which takes as input the information output by another processor. [1]

Infrasonic

Pertaining to frequencies below the audible range, i.e., sub-20 Hz. Note: Sound in the
2-5Hz range played at 100-125dB may produce difficulty in swallowing and slight
post-exposure headache. Sound in the 2-5Hz range played at 125-137dB may produce
chest wall vibration; difficulty in speaking and voice modulation; swaying sensations;
lethargy and drowsiness; and post-exposure fatigue and headaches. Sound in the 5-
15Hz range played at 125-137dB may produce middle-ear pain; difficulty in speaking
and voice modulation; severe chest wall vibration; severe abdomen vibration and as-
sociated feelings of nausea; a falling sensation; lack of concentration and drowsiness;
tinnitus; and severe post-exposure fatigue and headaches. According to some re-
searchers, 7Hz is possibly the most disturbing frequency, being close to the natural
resonance frequency of many of the internal body organs and being the same frequen-
cy as the alpha brainwaves. Sound in the 15-20Hz range played at 125-137dB may
produce severe middle ear pain; respiratory difficulties (gagging sensations); nasal
cavity vibration; persistent eye watering; tinnitus; sensation of fear; excessive perspi-
ration and shivering; and severe post-exposure fatigue and headaches. [3]

Inharmonic tone

A tone composed of partial that are not all integer multiples of a common fundamen-
tal. [4]
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Inner ear

The deepest part of the ear. It is contained within a system of spaces and canals,
known as the osseous or bony labyrinth, in the temporal bone. These spaces and ca-
nals are divided into three sections: the vestibule, which contains two balance organs,
the utricle and saccule; the semicircular canals, located behind the vestibule, and the
cochlea. The spaces between the bony walls of the osseous labyrinth and the membra-
nous labyrinth are filled with one of several types of fluid, which deliver nutrients to
the cells of the inner ear; provide the chemical environment needed for transfer of
energy from a vibratory stimulus to a neural signal; and function as the medium to
carry vibratory stimuli from the oval window to the sensory structures along the coch-
lear partition. [3], [5]

Intensity

The name given to the physical energy with which a sound is present. It contrasts with
"loudness,” which is the perceptual experience approximately correlated with that
physical intensity. [4]

Isochrony
A sequence of events is called isochronous if the time separating each pair of succes-
sive events is strictly equal. The absence of isochrony is called anisochrony. [1]

J

Just noticeable diference (jnd)

The smallest change in a stimulus parameter (frequency, intensity, duration) that can
be detected by a listener at a predefined level of performance (e.g., 71 percent of the
time). [1] (See also Weber's law.)

K

kHz
Abbreviation of kiloHertz. (See frequency.)

L

Listener envelopment (LEV)
In concert hall acoustics, a component of spaciousness referring to a listener's impres-

sion of the strengths and directions from which the reverberant sound seems to arrive.
Listener envelopment is judged highest when the reverberant sound seems to arrive
equally from all directions--forward, overhead, behind. [2]
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Liveness

In concert hall acoustics, a subjective quality related primarily to the reverberation
times at the middle and high frequencies, those above about 350 Hz. A hall can sound
"live" and still be deficient in bass. If a room is sufficiently reverberant at low fre-
quencies, it is said to sound "warm." [2]

Localization

The judgment of the place of spatial origin of a sound. Humans localize sounds based
on two primary cues: interaural intensity difference (11D), and interaural time dif-
ference (ITD). 11D refers to the fact that a sound is louder at the ear it is closer to (the
"ipsilateral” ear) for two reasons: because sound intensity diminishes with distance
traveled; and because the head itself blocks the sound path to the more distant ("'con-
tralateral™) ear). ITD refers to the fact that a sound will arrive at the ipsilateral ear
before the contralateral ear. Generally speaking, the ear-brain system uses ITD cues to
determine the spatial origin of low-frequency sounds, and 11D cues to determine the
spatial origin of higher frequency sounds. The IID/ITD keys to localization were first
proposed by Lord Rayleigh in the first decade of the 20th century, and are sometimes
referred to as the duplex theory of localization. About 60 years later researchers dis-
covered that, in addition to 11D and ITD information, the brain processes information
about the sound source's location based on how its energy has been accentuated or
attenuated in the mid- and high-frequency ranges by minute time delays caused by the
folds and depressions in the listener's pinnae (and at lower frequencies by the shoul-
ders and upper torso): Because of the pinna's asymmetry, different angles of sound
incidence produce different characteristic filtering. (The spectral-shaping influence of
the pinnae can be readily verified by trying to localize sound after filling their cavities
with putty.) The effect of filtering by the pinna and upper body is termed the head-
related transfer function (HRTF) and is unique for each individual, similar to a fin-
gerprint. Localization accuracy in humans is most precise for sound sources located in
front of the listener and at ear level. Localization is not simply an auditory process,
but includes higher order brain functions which combine learned responses, complex
pattern matching, and cross referencing with other senses in the brain, resulting in a
unified (though not always correct) perception of the location of a sound source. (See

also visual capture.) [3], [4]

Logarithmic scale

A scale in which the logarithm of the physical variable is used instead of the raw val-
ue. This has the effect that equal steps along the scale represent equal ratios between
the raw values.
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M

Masking

The process by which one sound (the masker) affects the threshold of audibility of
another sound (the target or probe) when played at the same time. More intense
sounds mask less intense ones. The amount of masking depends on the proximity of
the frequency components (see critical band, frequency and harmonic) of the two
sounds, as well as on the global intensity of the masker. The greater the level, the
greater the extent to which a given masker frequency can mask target components at
higher frequencies (see backward recognition masking). [1]

Meatus (also called the external auditory meatus)

The ear canal, leading from the concha to the tympanic membrane (eardrum). Approx-
imately 1 inch long, the outer one-third of the meatus is cartilaginous; the remaining
two-thirds is bony. Ceruminous (wax) and sebaceous (oil) glands are plentiful in the
cartilaginous segment, and are also found on the posterior and superior walls of the
bony canal. The wax and oil lubricate the canal and help keep it free of debris and
foreign objects. [5]

Mental representation
A hypothetical pattern of mental or brain activity that represents some feature of the
world, of the person, or of the interaction between the person and the world. [1]

Middle ear

A six-sided cavity between the outer ear and the inner ear, principally containing the
ossicles (often called the "hammer” [malleus], "anvil" [incus] and "stirrup™ [stapes],
the three smallest bones in the body); two muscles, the tensor tympani and the
stapedius; and the opening to the Eustachian tube. Sound is transformed at the middle
ear from acoustical energy at the eardrum to mechanical energy at the ossicles; the
ossicles convert the mechanical energy into fluid pressure within the inner ear via
motion at the oval window. [3], [5]

N

Near field
That part of a sound field, usually within about two wavelengths from a sound source,
where there is no simple relationship between sound level and distance. [3]

Neural net
A system composed of many simple processing units, formally mimicking the opera-
tion of nerve cells, which are connected together in complex patterns of excitation and
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inhibition and propagate activation to other units by way of these connections. The
current state of a given unit and the degree to which it excites other units can be influ-
enced by the success it has had in activating them. Propagated activity among cells
can lead the system to stable states in which the activity of the units remains relatively
constant. These states constitute the "response™ of the system to a given stimulation by
the (external or internal) environment. The main hypothesis concerning this kind of
architecture (also called connectionist or parallel distributed processing networks),
is that it is better suited to modeling the microstructure of cognition than more classi-
cal data flow or serial processing models: processing, representation and memory are
postulated to be distributed over units in the net rather than being constrained to spe-
cific storage locations and processing routines. [1]

Neuron

A nerve cell. A neuron’s job is to take in information from the cells that feed into it; to
integrate (sum up) that information; and to deliver that integrated information to the
next neuron. The information is usually conveyed in the form of brief nerve impuls-
es. In a given cell, one impulse is the same as any other; they are "stereotyped" events.
Impulse rates vary from one every few seconds to about 1000 per second. Anatomi-
cally, the nerve cells consists of a globular-shaped cell body with a nucleus, mito-
chondria and other organelles; a cylindrical-shaped, signal-transmitting nerve fiber
called an axon; and a number of branching and tapering fibers called dendrites, typi-
cally under one millimeter in length. The entire nerve cell-the cell body, axon and
dendrites-is encased in the cell membrane. The cell body and dendrites receive in-
formation from other nerve cells; the axon, which may be anywhere from less than a
millimeter to more than one meter in length, transmits this information from the nerve
cell to other nerve cells. Near the point where they end, an axon typically splits into
many smaller branches whose ends come very close to, but do not touch, the cell bod-
ies or dendrites of other nerve cells. At these regions, called synapses, information is
conveyed from one nerve cell, called the presynaptic cell, to the next, called the
postsynaptic cell. Neural signals originate at a point near where the axon joins the
cell body, and travel down the length of the axon, away from the cell body and toward
the terminal branches. At a terminal, the information is transferred across the synapse
to the next cell or cells by a process called chemical transmission. [6]

Noise

A random waveform whose frequency spectrum contains all audible frequencies,
called white noise. A noise signal that contains all frequencies with equal energy per
octave is called pink noise, commonly used to test loudspeakers. A noise signal that
is filtered, removing higher and lower frequencies and just letting through a small
band of frequencies, is called narrow-band or band-pass noise. Filtering out the high
frequencies starting from a certain cut-off frequency gives low-pass noise. Taking a
noise waveform over a certain time period and then repeating this segment gives what
is called frozen noise. [1]
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Noise criteria (NC) curves

A measure of background noise in rooms. Each NC curve is defined by its sound
pressure level at eight octave-band center frequencies: 63, 125, 250, 500 1000, 2000,
4000 and 8000 Hz. The lower the NC rating, the lower the background noise level.
The preferred range of NC performance for sound-critical spaces (e.g., home theaters,
home media rooms, home listening rooms, concert and opera halls, recital halls and
broadcasting and recording studios) is < NC-20. Factors that must be addressed in
achieving satisfactory NC performance typically include mechanical (HVAC) design
and the construction detailing of the room's envelope, i.e., its walls, ceiling, floor,
windows and doors, in order to reduce noise infiltration from areas exterior to the
room. [3] (See also Sound Transmission Class (STC) and Impact Isolation Class (11C)

O

Outer ear
The external structure of the ear, consisting of the pinna and meatus.

P

Parallax

A major clue to the perception of depth in vision, parallax arises from the relative mo-
tions of near and far objects that is produced when the viewer moves his or her head
up and down or from side to side.[3]

Percept

What the perceiver sees or hears as a result of stimulation, as opposed to the physical
reality of the stimulation. The percept may be considered the "object” of study in per-
ceptual psychology. [1]

Perceptual invariance

The impression of perceiving the same object, event or pattern in spite of variations in
stimulus structure, due, for example, to being played louder or softer, faster or slower,
higher or lower, or in different acoustic environments. [1]

Phase

The phase is the particular point in a wave that is passing a position in space at a cer-
tain instant of time. Phase is measured in units of degrees, with 360 degrees represent-
ing one complete cycle of the wave. If two tones have the same period and are occur-
ring at the same time, the temporal lag of one with respect to the other can be de-
scribed in terms of phase. If two waves are out of phase by 180 degrees, the later one
is lagging by one-half a period. [4]
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Phonemic restoration

A hypothetical active process by which a speech sequence that is interrupted by a
noise sound in place of a given phoneme results in the listener's impression of having
heard the phoneme. This effect does not occur if a silent gap is left at the place where
the phoneme normally occurs. [1]

Pink noise
(See noise.)

Pinna

The external, visible, largely cartilaginous appendage of the outer ear. Its perimeter is
demarcated by a ridge-like rim called the helix, which curves down to the earlobe
(lobule) at its bottom. Roughly in the middle is a relatively large, cup-shaped depres-
sion called the concha. [3]

Polar pattern
The characteristic sound radiation pattern of a microphone and loudspeaker, usually
plotted to show sound sensitivity or output, respectively, at various angles of sound
incidence. [3]

Polarity

The positive or negative direction of an electrical, acoustical or magnetic force. Two
identical signals in opposite polarity are 180 degrees apart at all frequencies. Polarity
is not frequency dependent. [3]

Precedence effect

An effect in which the human auditory system suppresses early reflections of a direct
sound, i.e., it "fuses" the direct sound and its early reflections and localizes the source
on the basis of the earlier (i.e., direct) sound. The basis for the distinction is that the
reflections arrive with a certain delay compared to the direct sound. Precedence effect
is sometimes referred to as the law of the first wavefront or the Haas effect. [3]

Propagation
The travel of sound waves through a medium (e.g., air). [3]

Psychoacoustics
The study of the relationship between physical measures of sound (e.g., amplitude and
frequency) and the perception of them. [3]

Pure tone

A tone with a sinusoidal waveform is called a pure tone because it is considered to be
the simplest form of tone and sounds pure when played in isolation. [1]
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R

Rarefaction
The portion of a sound wave in which air molecules are spread apart, forming a region
with lower-than-normal atmospheric pressure. The opposite of compression. [3]

Recognition
The impression that an object, event or sequence has been experienced before or is
familiar. [1]

Reflection

In acoustics, the bouncing or return of a sound wave from an object larger than one-
quarter wavelength of the sound. When the object is one-quarter wavelength or slight-
ly smaller, it also causes diffraction of the sound. [3]

Refraction

The change in direction of a sound wave that occurs when sound passes from one me-
dium to another (e.g., from air to glass to air, or through layers of air with different
temperatures. [3]

Relative phase
The phase of one sine wave compared to another. [3]

Resonance structure

A resonance structure can be described in terms of the relative level produced at each
frequency by a resonating object. Most physical objects (membranes, bars, air col-
umns, strings) have several modes of vibration that resonate at different frequencies,
thus constituting a complex resonance structure. In the case of speech, these resonance
regions are called formants. The placement of the formants is a major clue to the iden-
tity of a vowel. The way resonant frequencies change rapidly over time is a clue to the
identity of several classes of consonants. [1]

Retina

Technically a part of the brain and located on the inner surface of the eyeball, the reti-
na translates light into nerve signals, which are then routed via the optic nerve to the
lateral geniculate body. The retina consists of three layers of nerve-cell bodies. The
layer at the back of the retina contains roughly 125 million light receptors, the rods
and cones. Rods, which considerably outnumber cones, are responsible for our vision
in dim light and are out of commission in bright light. The three types of cones do not
respond to dim light but are responsible for our ability to see fine detail and for color
vision; cones are "tuned" to absorb long, medium or short wavelengths of light, loose-
ly corresponding to red, green and blue. The distribution of rods and cones varies con-
siderably over the surface of the retina; in the center, where fine-detail vision is best,
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is the fovea, which is densely packed with cones. The retina's middle layer contains
three types of nerve cells: bipolar cells, which receive input from the receptors (i.e.,
rods and cones); horizontal cells, which link receptors and bipolar cells; and
amacrine cells, which link bipolar cells and retinal ganglion cells. The layer at the
front of the retina contains approximately 1 million of the aforementioned retinal gan-
glion cells, whose axons pass across the surface of the retina, collect in a bundle, and
leave the eye to form the optic nerve. [6]

Reverberant sound field

A sound field made of reflected sounds in which the time average of the mean square
sound pressure is everywhere the same and the flow of energy in all directions is
equally probable. This requires an enclosed space with essentially no acoustic absorp-
tion, e.g., a reverberation chamber. [3]

Reverberation

In concert hall acoustics, reverberation refers to sound that persists in a venue after a
tone is suddenly stopped. A hall that is reverberant is called a "live” hall. (See also
liveness.) A room that is not reverberant is called a "dead™ or "dry" room. [2]

Reverberation time (RT)

Defined as the time, multiplied by a factor of 2, that it takes for the sound in a hall to
decay from -5 to -35 dB below its steady-state value. The factor of 2 is necessary be-
cause RT must conform to the original definition of sound decay which was from 0 to
-60 dB. Roughly speaking, RT is the time it takes for a loud sound to decay to inaudi-
bility after its source is cut off. RT is usually measured in octave or one-third octave
bands. The source of sound may be a pink noise or a sound impulse. Originally, RT
was determined from a plot of sound pressure level vs. time as recorded on the mov-
ing paper of a graphic level recorder. Today it is determined by the Schroeder (1965)
method which involves computer integration of a backward-played tape recording of
the decaying signal. The mid-frequency RT is the average of the RTs at 500 and 1000
Hz. The measurement is generally made in both occupied and unoccupied halls, at
two positions when occupied or at 8 to 24 positions when unoccupied. The data in
each frequency band at the various positions are averaged. A least-squares fit to the -5
to -35 dB portion of the decay curve is used in setting the value of RT for each band
and position. The RTs of the largest stone cathedrals can be nearly 10 seconds; the
world's most renowned concert halls typically fall in the range of 1.8 to 2.2 seconds;
opera houses typically fall in the 1.2 to 1.6 second range; aggressively damped home
theaters can exhibit RTs below 0.25 seconds. A venue's use and its RT must be con-
sonant: A home theater with a 6 second RT would render movie dialog unintelligible,
while a cathedral with a 0.3 second RT would deflate its sonic grandeur. [2], [3]
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Rhythm pattern

A sequence of events having a specific set of time intervals between the onsets of suc-
cessive events. Sequences having different onset-to-onset intervals are said to have
different rhythmic structures or temporal structures. [1]

Room modes
Frequencies at which sound waves in a room resonate (in the form of standing waves),
based on the room dimensions. [3]

S

Sabin

In acoustics, a unit of absorption equal to the absorption of 1 square foot of surface
which is totally sound absorbent. Named after Wallace Clement Sabine, the Harvard
professor honored as the "father of architectural acoustics™ for his investigations into
concert hall sound at the turn of the century. [3]

Saccade
The normal, but largely unnoticed rapid darting of the eyes from one fixed point to
another. [3]

Schroeder integration of reverberation

In acoustics, an integration of reverberant data in which the last energy is integrated
first and the initial arrival is integrated last, all of which is normalized by the total.
The integration simulates the effect of taking many time measurements and averaging
them together. [3]

Scotoma

The "blind spot” in human vision corresponding to the region where the optic nerve
enters the eye, i.e., the oval-shaped area about 2 millimeters in diameter with no rods
or cones. You can "map™ your blind spot simply by closing one eye and gazing at a
small object across the room. Hold a Q-Tip at arm's length directly in front of the ob-
ject and slowly move it out to the right exactly horizontally. The white cotton will
vanish when it is about 18 degrees out. Now, if you place the stick so that it runs
through the blind spot, it will appear as a single, continuous stick, without any gap.
(This feature is referred to as "completion.") You are not normally aware of your
blind spot, and cannot be, unless you test for it. You don't see black or white or any-
thing there; you see nothing. [3], [6]

Signal-to-noise ratio (S/N)

The ratio in decibels between signal and noise. An audio component with a high sig-
nal-to-noise ratio has relatively little background noise accompanying the signal; a
component with a low signal-to-noise ratio is noisy. [3]
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Sine wave

The simplest form of periodic wave motion, expressed by the equation y = sin X,
where X is degrees and y is voltage or sound pressure level. All other forms can be
created by adding (mixing) a number of sine waves. The wave form of a "pure tone"
IS a sine wave. [4]

Sinusoidal
Having the shape of a sine wave. [4]

Sone

In acoustics, a unit of loudness. Defined as the loudness of a 1000 Hz tone 40 dB
above threshold. A millisone is one-thousandth of a sone and is often called the loud-
ness unit. [3]

Sound

Energy that transmitted by pressure waves in air or other materials and is the objective
cause of the sensation of hearing. Longitudinal vibrations in a medium in the frequen-
cy range 20 Hz to 20 kHz. [3]

Sound Transmission Class (STC)
In acoustics, a single number rating for describing sound transmission loss of a wall or
partition. [3]

Spaciousness

In concert hall acoustics, a hall is said to be "spacious” if the music performed in it
appears to the listener to emanate from a source wider than the visual width of the
actual source, and if the listener is noticeably enveloped by the reverberant sound. The
former attribute is often referred to as apparent source width (ASW); the latter attrib-
ute is often referred to as listener envelopment (LEV). [2], [3]

Spectral envelope
(See spectrum.)

Spectrogram
(See spectrum.)

Spectrum

A description of the frequency content of a sound waveform, usually presented as a
graph with frequency on the abscissa (x axis) and amplitude on the ordinate (y axis).
A pure tone would have a single vertical line at the appropriate frequency with a
height indicating its amplitude. A complex sound (see complex tone) would have sev-
eral such lines, indicating the multiple components. Drawing a curve through the tops
of the lines would describe the spectral envelope. A spectrogram is another repre-
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sentation of a spectrum in which the time component is reintroduced: time is repre-
sented on the abscissa, frequency on the ordinate, and amplitude is coded as the dark-
ness of the trace at a given frequency and time. In an auditory neural spectrogram,
instead of a continuous signal, the probability of occurrence of nerve spikes at a given
moment in time is represented. The frequency axis is replaced by a frequency-specific
auditory nerve channel (see basilar membrane). A third type of spectral representation
called a time-frequency perspective plot is drawn in three dimensions, with time along
the x axis, amplitude along the y axis, and frequency along the z axis. [1]

Specular reflection
A mirror-like reflection of sound from a flat surface; reflections that do not spread
out. [3]

Speech intelligibility

A measure of sound clarity that indicates the ease of understanding speech. It is a
complex function of psychoacoustics, signal-to-noise ratio of the sound source, and
direct-to-reverberant energy within the listening environment. [3]

Speed of sound
In air, approximately 344 m.s™ (1130 feet per second) at 20 degrees Centigrade. [3]

Standing wave

In acoustics, an apparently stationary waveform created by multiple reflections be-
tween opposite room surfaces. At certain points along the standing wave, the direct
and reflected waves cancel, and at other points the waves add together or reinforce
each other. These are sometimes called room modes. [3]

Stapedius
The smallest muscle in the body, located in the middle ear. Contraction of the
stapedius pulls the stapes, altering the mechanical efficiency of the ossicular chain.

[3]. [3]

Synthetic listening
(See analytic listening.)

T

Temporal acuity

The degree to which the auditory system can resolve, or separately distinguish, events
separated by extremely brief time periods. [1]

Temporal coherence boundary

Defines the threshold for hearing a repeating two-tone sequence as composed of a
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single auditory stream across a range of frequency differences between the tones and
rates of tone presentation when the listener is trying to hear a single stream. Above the
boundary, the sequence is always heard as two streams. Below it, the sequence may
be heard as a single stream. This boundary is contrasted with the fission boundary,
which defines the threshold for hearing the same kind of repeating sequences when
the listener is trying to hear two separate streams. Above the fission boundary, the
sequence may be heard as two streams, but below it the sequence is always heard as a
single stream. [1]

Timbre

Also referred to as sound quality or sound color. The classic negative definition of
timbre is: the perceptual attribute of sound that allows a listener to distinguish among
sounds that are otherwise equivalent with respect to pitch, loudness, and subjective
duration. Contemporary research has begun to decompose the attribute into several
perceptual dimensions of a temporal, spectral, or spectro-temporal nature. [1]

Tinnitus

A sensation of noise, frequently of ringing, in the ears. Tinnitus aurium refers a sub-
jective sensation of noises in the ears. Objective tinnitus refers to abnormal or patho-
logical sounds originating within the body, in the region of the ear, which are audible
to others than the subject. [3], [7]

V

Virtual auditory environment

A perceived auditory environmentwhich has been manipulated so that it does not cor-
respond to the immediate physical environment. A trivial example is the use of head-
phones, which typically foster the sense of sound originating within the head, while
the physical situation contains two sound sources located on either side of the head.

(3]

Visual capture

The phenomenon is which visual perception dominates when visual cues and other
sensory cues--auditory, proprioceptive, haptic, etc.--are in direct conflict. In audio
design, the effect allows a loudspeaker to be placed at some distance away from a
video display without the audience perceiving the disparity in location between the
visual event generated on the screen, and the sonic event generated in the distant
speaker. There are limits to vision's tendency to "overpower" the other senses: In the
case of audio design, the limits can be usefully defined in terms of angular disparity,
beyond which the audience "hears" the sonic event as being spatially distinct from,
and thus conflicting with, the locus of the visual event. [3]
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W

Warmth

In concert hall acoustics, warmth is defined as liveness of the bass, or fullness of the
tone between 75 and 350 Hz, relative to that of the mid-frequency tones (350 to 1,400
Hz). Musicians sometimes describe as "dark" a hall that has too strong a bass, or
whose high frequencies are greatly attenuated. [2]

Weber's law

Discovered by Ernest Heinrich Weber in 1834. States that the smallest detectable
change (jnd) in intensity is a constant fraction of the level of stimulation. Georg Fech-
ner turned Weber's law into a psychophysical logarithm of the magnitude of stimula-
tion (1), or S =k log I. A great deal of psychophysical research has attempted to estab-
lish the Weber-Fechner law for sensory dimensions other than intensity, e.g., frequen-
cy and duration in audition. While the empirical data conform fairly well to the law
over a certain range of values for each dimension, they can differ substantially at ex-
tremes of the range of perceptible values. [1]

References:
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Abstract

Title: Acoustics and daylighting in buildings
Authors: Dusan Katunsky, Stanislav Darula, Kristian Kondas
Preparation and translate: Mohammad Omar Temori

Safety building constructions healthy indoor environment are basic assumption for many hu-
man activities in buildings. Building physics is significant part of building science studying
acoustics, thermal and daylight phenomena to be applied in design building constructions the-
ir elements and indoor building environment.

The book “Acoustics and daylight in buildings” is written to give readers theoretical and prac-
tical information and complex solutions of problems selected in two main pars “Acoustics in
buildings” and “Daylight in buildings”.

The first part introduces terminology and their interpretation, describes rules for design and
evaluation of urban and space acoustics. Next important chapters are aimed at practical use of
presented knowledge and contains explanation of acoustic properties of building constructions
and transparent elements of building envelops.

The second part of the book introduces to the theory and basic phenomena of daylight design
and its evaluation in buildings in point of newest knowledge. First chapters contain explana-
tion of photometric variables and exterior daylight sources with description of their measu-
ring. The methodology and procedures for evaluation of daylight provision, glare from day-
light sources and luminous indoor environment are clearly described. Special attention is ad-
dressed to standardisation of daylighting in buildings and application of standard criteria. Re-
aders are also informed about concept of the oncoming European standard “Daylight of buil-
ding”. Included examples can extend knowledge of study in the area of utilization of daylight
in buildings in practice.

Scope of the book gives readers complex view on building acoustics and daylighting prob-

lems and their solutions in the theoretical and practical level. Target group of reader is: buil-
ding engineers, architects, specialists in building physics and students.
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