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Abstract

Objects’ illumination models are the studying of the property of objects which are

projected by light from any light source. The intensity of light, which reflects from the surface of

objects, illustrats the effect on property of the objects. The shadow provides another result of light

sources in which hard edge shadow is created by any point light source.

When the intensity of light sources is distributed in different models, the soft shadow which will

be more realistic has been created. The images of objects’ illumination models are created by

classical Ray Tracing and Radiosity schemes in three dimensional graphics.
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Tunyuiiaesduuy YIQ[14] Ao A1M@I19 (Luminance) vosduvuimeanuildluszuy CIE
] o 1 n’: a 9) 1 o @ d UK 4
uazAwewuls Y minfufildlunsdedyana InsAwnssgnuaasluszuvvesInsviend
Q 1 1 ~ [ o A k-3

sTUVUTIA1 daumvesdategszgnimualasdals 1 uaz Q FwmnnsafimuaauAITYes

msnlasundasliguuusassvesdiuuy RGB 14 [19] fie
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nyudasvesauLy HSV
o 1 1 Q’I‘ o 4 o ‘g
wuudasvesdinanuwdadrduiud iy mewesdfidmuatun iy
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g Ada ' a ' - a °
fiveanmezdszneudediilismnuaiinnni gas1 H niemvesddn q ssgnimualay
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YUTBY 9 UNUAL TAsNFUAtEENYY 0 Bem AWyagna 120 8 uasFiudueyiiyy 240
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AMOINMUAINE #38 V Tarsendne 0 Aduminande 1 HvSnaaumaoum
] ] [] ° ; '

szasuilugilasionamany asonamdouismuatulivinananuga 1 mise (V) lasiga
A a o a4 - o a a4 4
veavesnswagnusnugaiuila Nyaseavesglnsisezumui lastiduasiian v = 0 higail
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fAwed H uag S 92 Wifinavedemvesdiae wazn S=0, V=1 swunuiilaodv1n $1S=0 As

[} 1 4 [} v N
mluuuunuv ANAIsEnIe 0 wag 1 vy ssununlaessauvesdion Tashinives H v 'laill
1 = s ar q’: A' = 1 L] 1 o 1 t d'o 1 L] -
wadefuiy dudjuile s Haluwihdy o udzdves H szilusmdmuaiidn 9 wu &
- Q/ L] L4 "l‘ 1 [- T ¥ 1
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sUnsaemamany 2 51U Adeudulussuufnansenszuen Aunmi 44

NN 44
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' o’: 4 4 o {1 -
H fAemveuussanudvesgiinnmasuiideusiulasituahamgy o s miey
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umafiazfoudiaidi 9 Ay anudewmsiaziomiusziusgiuanyuzyoamiinen
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st muannudvvesaauunifiz] dudsmsdmuanmuduveasiiazan
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wazdwnge weannludsl  szdnramanuduvsuashasNaunnwuHANsInTUAY3
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mizdon manudusuaaiazdeunniufivediagiiudiswiuaue 38nsiiezdes

b ¥y o A
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autaalunnim 45
o R 4 o n’: 1 § ° [ 4 a
2. fdunaegiiewud (infinity) Al nwes NV szlimnsfiyndwmisuuiui
@ A < A % Y o
¥8IAq 18 1INKBS V A nnweivesdduna

A’l' a o 9/ LY A o
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NN 45
Aufuiiaue
N
* gduna
.
L A\

/V/

HEAAY NANNATTASNBUYDAULT

'il’lﬂ’dﬂﬂ'muﬂ‘ﬁﬂ 3 ‘nﬂYlﬂ’lﬂ’J‘lul‘Uil‘lli)\m‘ds‘li)'lﬂﬁilﬂ'liﬂ (36) uﬂ'lﬂﬁﬂlﬁuﬂ'lqﬂ
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']ﬁﬂ‘liu03“11“lﬂﬁﬂ'}’]uvhiﬂﬂlu0\1‘1]0\17111““]1]“9‘“1?““usl']msﬂﬂﬂﬂ”ﬂqzﬂ“a1Ul“aﬂNllﬂ

o - S a las ° 3/ &
azZﬂ [21] ﬁ‘“tﬁﬂ\iiuﬂ‘]ww 46 VY1ASASYNITATANHUHAA NUIVUYDAULFAILUDIUN 019

fvuannuduvouauvuS oY (fat shading)

AN 46

ieA9 33 Constant shading
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o v
MIMNUAAIIYNYBUTUYY Gouraud
33msfmuanuduvedaaeituee Gouraud [16] M358 intensity interpolation
t 4 . [} '
shading 1927119 lifinavesniny lideiilestuvesnnudinveasiivnuseodsvesg
< P o Py o -~ o o .t
naumdeuiidszneudiuing IndnmsAe msdmuanmnduvesuaanidumisieguy
1 L) 4 o 0 4 1 ] 9 {
Aufrvesgnmemisuszorfenundsvessnamnduvesaeniniinnuduvs
1 < w & A de v o d_ a v o
a1y (vertex) AlqvesjUMalumMALy Auiulinddgyhigede zABmILNARDT
n’;’ - t = & 9 3 ' 3
A0 (normal vector) igatlatsAquesginmomaoy treldlumsinnusiinnuvuves
4'( 1 4' 1 q' - | 9
ua dlensumanuduiigalmediegvesgirmemdsuuditunsamminudnyes
urafidumisla o vugdvmomaos1dlaedeiinsves Scan line (h13n¥w Aaaadly

AWN 47

NN 47

Y. —

a b Scan line

werae msmanuduveaelngds Gouraud

nanmd 47 manuduiiga P awnson 18 Tae

v < <t

I, = Anudnveuaanigatanei 1

1, = anuduveasiigalaten 2
¥ = a

I, = anuduveatasnyatash 3

I = anuduveauaangataii a
) = <

I, = Anuduvenasngataion b

Y A <
1= anuduveaaigmlaneii p
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yl-ys
I, = 1,-(,-1,) 2=
BN N1-Y2
yl“Ys
I, = I-q-L) 2= ¢ (40)
b 1 (l 3 yl'y3
Xa-Xp
IP = Ib—(Ib-Ia) _
b a J

ﬂ'liﬁ'l'l’iuﬂﬂ’nﬂﬂ,llﬂ'ﬂBx‘lllﬂx‘lll‘ll‘l.l Phong
MIRMUARITUV BTV Phong[12] %50 normal-vector interpolation shading Y

act o

FEMsfund1efuITNsUee Gouraud Shading HAUANANAUA 1UITN15984 Phong shading

> ¢

[ 4
wuedenmes naminun g luasdnanlanlssinavesnuduveaauuiaguny
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nNRBsTIAMINTYA A oz B & nameindmiaiiga P fiszdhiliaunsoi lldnoname
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NN 48

1153120 ﬂ'liﬁ']'}’lUWﬂ’J'lllli’l’iJ‘UENltﬁQuU‘U Gouraud
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AN 49

UEAY MIMYUAAINNYVOUE UL Phong

v [ ¥

VNN 48 eimsimuaniinnudiventelasi® Gouraud YBINUAAING
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amnudui 1desliduiiduiiennaundsvessinnes naminselinwiniuy  udlunsdl
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- a :3 & . 3/ - 1 o A o ° 9/
mileuvTanntu [22] iesnasmnmduveuasiiuananduilsinguuiagezilv
v b4
aunsanvzusaiiudnyazglivesiag 1daTu [23, 241 Tuundeles lénantamsaing
amdnvavesiagn 13 1dnd 1 lud hideniuSesnsdmuadnauzvosiag
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Radiosity

Tumisn 1dadafe Fmsfiugnie vesszuuReuRaesns M 351
1nd15vzqnﬁmﬂ%"lumsﬂ%’1qg1JsuJuuaq"J’ﬂq'?;'lﬂuﬂﬁﬂ%ﬁqmwﬁmmﬁmﬁau'u?a nan
sl lumsadunmiaesfimieusiaiurunsonneenidily 2 Fasdaeiu adt
msad1anmiines Ap3EA1I$10093N MUY Ray tracing fivzdpsetfisdummisveddunauns
Femevssmaiiazfiouandaelunsednmeiass  F3Ms$100aMMILY Ray tracing i1
sndndlumonds Fensiiassnmiimileus3sdsi 2 e mssraesn iy Radiosity[25]
"ﬁ"miﬁmmmmmuﬁmﬁ'&n5ﬂmsuaﬂ1ﬂﬁuuwﬁ'«mmammszniwﬁfuﬁwm’fﬂq oty
5810090 M 1AAT  Radiosity ﬂy'ufhmmvffwequaqﬁﬁmm'lﬁ'ﬂz'lzi?nyuﬁuﬁnmﬁwmﬁ

dunaay [26]

ad
nguHNUGIH
o & o ac /. n’: o/ LY ~
msshasemwimiious3alasit Radiosity 1y ldWanmnuinndnmsuannldsuniy
b 4 .
fousznisiuirvesingluszuvilale 9 viomdnmsnshvesndanu (Conservation of
energy) fweandrnuluszilalaq WSmavemasnungndeennniageziinuiny
[ » F 4 T
wWariiag 185y wiwluszunlaiuse idvnitufiala q finssidatludidonield
o | A’, a da * ldy a A ] L= [
Wil @y AurRdaudeuszannsaudanuieulgiuiibu q 14 wuiRuidudu
o = o A 1 @ |Ay a A T W 4‘1' a 3
duiiauaslagfannsanzdandanuligiufdugsudy  uaziuirluszuullmiuesgn
° 5 a 4 t o U U4
fmualiSuiufauuy Lambertian  Aennsoasiounielanldoswdeanyldedeauysal
. P P P & P a Y Y
Wy aunsafezazieunaeiinannszny 1d lunaiemelagiisnnuduysuaauninu
i 4 4
MANMIYBINTTIIADIMWUUY Radiosity finsziirldlay msusiudvesingluszuusen
ﬂ g a o o’: =2 o ' o 3‘ a d =1y P >
Fuiufndn 9 nmivSsinnamvomdinuvesituAudnail [27] 7ldnamsuanulaey
o o 41’ a A (Y -54’1’ a o e ° A o §
wianufuiuiatug wisfiiufaudn 9 maiizaunsaildssnanaiieri s
{4 a o -, s dy o J ' o 1
anuduveaefifufivesiagld nndtasmarfiszmiuihimsmaAmdnu wieanny
} 4 14 []
uveamavesingluszumiuee lidufufiamisesddunaiay (View independent) A 1M 50

HEASITANTIIADINTNLUY Radiosity
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fimuadagluszuy

furmmsuaniasunasu

sennaiun21as FORM FACTOR

fUAIUAINININVUYD AL

Taue1/{e7% Gauss-Seidel

b4 o
AIWATNIODY

HAAY NANANIADINTWHY Radiosity
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P~ . . 4’1’ a o & < o &' P ﬂ ']J' vaw
fg'l B 961 Radiosity YDIWUHANNT FINUWAI WIITUYIINUANGN aAlasuliasee

a o ¢ @ o o 9/ o a ] dv a d -
uﬂumﬂuwaﬂwmwawmnaxnauuazwmmuwgﬂmaaﬂiﬂuwummnq 3o
Radiosity x Area = Emitted energy + Reflected Energy

y ﬂ d” & d o jat o ' &' P o’: ng ta o [
01 P, iag Pj UUAUNIANS ﬂﬂ51ﬂ17llﬁﬂlﬂaﬂuwa\N'lui'zﬂ'TNWUYWNTfﬂ\!ﬂz‘UUﬂgﬂUﬂ'ﬂl"uQ

o g 5 3 { o o o ] T \J 4 5 q,: o "o
uazirmavsIRuR@ng N iduius i u szosvieszriiuineuasAumush

s 4 ]
L -]

v o do o - = s 4 9 Yo Aa a o
TUNUDNU Wﬁ\’Q']u"llaﬂiﬂaﬂuﬂzllﬂ‘unﬂujﬂwu"“QﬂaQﬂglﬂaﬂu“a3Uﬂﬁ'ﬂ"“ﬂﬂu’]uﬂu

BdA, = EdA, + p, | BdA Fyuan @1)
j

iiie E, fie wﬁmuﬁgﬂdqeammﬁuﬁa (Emitted Energy)
P, fo MduilszAnSmsaeiou (Reflectivity) Y0efuin w3oRTHIUYBAATIAANSENY
yuuRauay umnavnaumnwum‘lﬂﬁsww
FiadA, fie i1 Form Factor s witiaiin da, a2 dA, WiesaTIE L veMEIITign

s I 4 4
deoenueINiuia dA, llgiufa da, tnswdsauvianug

dmfuluszuilala q Ninggaunisesndlu n i

BA, = EA, + pliBj F,A (42)

j=1

1 [ y 1 4
uaznmwi 51 asuannldsundsnussuieiiudy A, woz A, ssdusgiufitniwas

o | dy o do 4 a d L g o Q’:
ﬁ']ll"“\’ﬁﬂﬂﬂﬂﬁﬂﬂ‘lﬂﬂﬁuW'Jlﬁﬂ 9 NTUU AIUYU

FEA, = F.A, (43)

ijeri Jithi

uag

=E, + pﬁBF (44)
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amJL"TnJd -

1-p,F, || B E

n

58

(45)

] ¥y « v 1 4
Mnaumsi @5) 1iu aunsadmualdi Fo= o dissninndwuiigndiseniniiy

] b4 s .
A liansofiezannsznufuiu@an@n 1] faiu aunsams B, mnaumsh @5) 181a0ld

33115989 Gauss-Seidel [28] &1 B, aunsofiaziin i1 lumsadunminesld

ATWN 51

}4
@ o 3 a o
(Haad ﬂQTNﬁNWUﬁ‘isﬁ?TQWAUWUmﬂ‘]
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msmﬂ'1 Form Factor

[ 14
A1 Form Factor #1191uns$1a84nMiUY Radiosity 1iunansfiasnsaauyeanday

14
1 4 a

2 o & o B oo H '
gndssensiniuraniia ligbniufmitansamwdsnuianua [29] A8 Form factor 98

ke =1

@ as ~ v le 'J L. - 1
11uf]gﬂUUﬂ"?ﬂﬁzﬂﬂuUUﬁﬁ'lﬂﬂlﬁﬂa@izu‘uWnuu1U“Uﬂﬂﬂﬂﬂ1ﬁﬂ15uﬂﬂ 'H%lﬂ ﬂ‘]ﬂ'ﬂllu’l‘ll
E 4 4 []
vosdusuiiauasluszuy fariu A1 Form Factor 52n3fiuia A, 1oz A, Aanwil 51 Avdas
] 4 v b4 y [
danveandanuiignasesnaniiuiia A, i lilanasznuiuia A, uazndsanniuaiignds

1 4
9BNVINHUHI A, TUNNNANK

1 cos; cosd;
FA,A, = Fij = X‘J‘ J _,nz—_JvijdAjdAi (46)

i AjA; T

) s 4 4 '
e v, Aie dunlshlFlumsszydiiuis A, annsaueuriuiluia da; nieli Tavii v, o

[ 1 @ q 4 a o -4 a v 3 @
fiswiiy 1 il da, neariuiuR dA; uaz r feszeenisynineiuia

M3MAM Form factor Tngefiaguasadivsugnnan
a & da 1 A A { d
FEmsnilantionldlunisninr Form factor fie msldjUaTadmasugnuian
. ° A A H A ] - 4
(heiicube) N3z Id TasmsadnginTamasugmnaivnanugeniianiiie. igagud
A a 44 a & 4 4 d v {I Af a -3
nanveauAl A, lTashifuAavesjilndsdimasugnunanszgniniseeniiluiudiviiamn
o Aa o 1A ] o P da g ' dy o '
Uszapufuniisdumdsfimineudwaaslunnit 52 AdaanqmariiszgaiiuIum

v
Form factor U'ﬂU“]GUfn'I Delta form factor (AF q) AU

By = 2.AF, (47)
uay
1
AFdA, = i
7‘\{ X’ +y?+1
: @
AFdA. = .
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X

o 4 4 4 ¢
1aag ﬂ']iﬂ'muﬂjﬂﬂiﬂ’dmatll@ﬂﬂ'lﬁﬂ

il o g 4 4 4 2 : o o y
Ffumudng vesgUatsdmamgmnadiumsmm AF sz ldlasdmualiye
4 vt P Y a .’f ° 3y a
AUINANYBINIRILNTHOYTNITANINAIYBINURT A, pINTUIMIRIBAINUBIAUHD A ALY
& a 4.4 4 ¢ & 4 = d & - 4.4 4 ¢
fufvesginisdimAouganed dsmndi 53 RuAudnquuituaglassdmasugnnny

g maunsama AF I8awaunsdi (58) e Fy mudesns

2NN 53

dy = P | o
1A ﬂ'liQ'lUﬂ'lWWﬂN'JﬁQUHEﬂﬂiQ’dL‘HﬂUUQﬂUTﬂﬂ
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M3 Form factor Ingofieginsanan

151191 Form factor Tﬂamsa%'ngﬂﬂ‘ibaémﬁuuQﬂmﬁfﬁfmﬂﬁ’ﬂ11uqﬂ9’1'mmn-i‘1¥u
tﬁaﬁm'zuﬁ’u?}tﬁﬂquuﬁfuﬁ'mmgﬂﬂ?qém%‘uuqﬂmﬁf{ﬁﬁmaumﬂ uanszi I lgnml
AIRTUIBINAIY UANISMIAT Form factor Tﬂumﬁvzﬂmmamfmz’l%’naﬁﬁ'auniuﬁm
mn‘lu'ﬁmmu'q'ﬁuﬁwmmanauaamﬂwf‘;‘uﬁmﬁnq agnnsansein 18 Tagadransanan Tasl
yAgquinanegiiyaquinae eI A, Lz A, nmurdvduaerIgAnInyAguUinatYes

NINAY A, 0T A, AINTHA 54

NN 54

9 é:’ a

HAAY NITATNNIINAUVUNUAD
H ° ara Y P | ' - v YA '
Mﬂuu‘nﬂﬁﬂ‘ua'lu'd\'lﬁmgﬂ’l'IUﬂ‘li‘lfuﬂ‘leuw’Jﬂ‘lJ"\ﬂﬂuﬂiﬂ"lu DUMTEUHLUAIN

.&' ) 1 o 4:‘ - ar o’: 1 o (Y 1 1= o
NUHT A, 'llJ’d'lll'liﬂllﬂQm‘LlWllN'J Aj AYUUAT Fij WUAUNINY O umﬁﬂuumwuﬂmz

anNIMIAN F, 14Tae
F. = —L V. (49)

AN 55 LD 56 uaAwHIa0eR 1890 TE S 089N MUY Radiosity tleieTageenitiu

36 ¥DULAT 100 FOIAWRIAY



MW 55

(LAY N9 $1ABININLLY Radiosity tilouiaTngifu 36 o9

ANNN 56

LAAY PI5§1889N NIV Radiosity tiotjaTagiiiu 100 ¥
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WA 57

57.1 57.2

57.3 574

UEAI NN Radiosity NYUNDIANI N

v ' Y
o a, LY ' ) 9 o '
nMss1aeannIaeds Radiosity Wi manuduvesuasidnas ldiuszilum
[ :,‘ & lzg v o ' s @ -:: b4
anuduvesuaavesiagianuads idududumisnmsvesvesdduna  Aniu lumsains
° v A ' ° Y vy v ° '

awiansvesiagiyuuesdngizaunsasiuan 1 lag lidesldnarlumssum Form
factor Tvaid SN AL ANt 57 AN IMEIaBAUY Radiosity WiatisIngeeniiu 225
FOINUYUDIANAY NN 58 HAAIITNITIIABINNIUY Radiosity Haz AN 1 LA

~ 9 9 o
nl¥lumsairaniminany
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fmuadaqluszuu

1

N . 4 ad ’
mmmmtmu‘mnmngmmq

i=0

i+l

Yes

Anmia

-anudsvoanna ()
Simnuiumii
-VUIATONTN XMAX, YMAX

f'nu':mﬂ'mnm'ﬁwamm 1 in

[Fij| * 1if = {Eil

\ 4

Tau%8 Gauss -Seidel

il FORM FACTOR (Fij)

j+l

mwinnranduveauts

o o e

4
NAOUNUSNY (x,y)

Plot (x, y)

HaAA ITNT$1a0IN NIV Radiosity
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s 1

A S T1 (uf) T2 (W#) T3 (W17)
55 36 0.18 0.02 2.97
56 100 0.83 0.06 3.00
57.1 225 348 0.18 3.07
57.2 255 - - 3.07
573 255 - - 3.12
57.4 255 - - 3.10

uaad 1nam 15 lunmsdaoamniuy Radiosity

MBI : NS 103 vUIA 1024 x 768 30
T1 = am19lun15a313 Form Factor
T2 = a1 lunsmannuduve s 1as3% Gauss-Seidel
13 = namlFlumsadann
apl
¥ ’
nnmsadrnmiiasslasldis Radiosity fnwii ldeelidnpazvennuduveas
. . ¥ ¥
Lideiesny issnnnisannusnnuduysaaiuiiy ldmydayusmsutianurIves
Y d‘ T Ay = o o v (") é LY ) =
JagRmanuduvewmvesiufindaqezdidwiiu duiludadmuasiwazidoavsinm
° a o o c’: 1 3y o o o a Y
$ravaeznailFlunsdnnuEe dnfuduniiufivesiageendiusoumnn wihld
vlél ° A = 1 1 ) 2 \ll Y @ e ' '
s iasaniinnuazdsanty uafz ldaunntumy lideiasdinanoniigany
° & £ o LY A a o d 9/ WY P ° add
$wounsos S ldiaSedlulasnsununssvnnadnee lFaulila esnnmsfivuads
° T 9 3 ° ﬂ 9/ 9] [ o ﬂ © ac 9/
msfnann Ul waaiusfudeslFmisanus uiudmauuin Asmsunlvlu
& ' ° &' o bV - 4 1 dq ¥ ° ﬁ
Feaminsanus niuannsanszin1d Tasmsitudeyadsq i 14 lunisduasaluuny
9 1 @ J .é’ ° vq ¥ v = A o
foya uditarsdandniiswimldlfnalunsemuazifioudoyainn Fmsmsiaesnw
t 4 Il . '
WUY Radiosity iianansafsswanide 1y 1dmeud luaa lidediostuvesdinnuiduyes
y
wernazs Ina lumsaduamsaslilssas  nssaesnnlaeisiies I ldnadlums
] ) y [ 4
adunmsaesiioglussuuanienmitegaisludes dledlumsdnaniulddiladny
o ] PR a v Y 1 R A °
aziPvavouaIneg Hnnayaianie luuvde llezldnanadsmsswassnmuuy Ray

. 4 ° a aa & da o v @
tracing mﬁlﬂuﬂ‘li‘nTﬁt)x'iﬂ’!‘Wﬂﬂ’JﬁWu\WmM’c'mfl‘limslﬂu




UNN 6

RAY TRACING

113912090 MUV Ray tracing
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sndnlumsadranmsnswesiagiisuiudestmuafio dmumivesdifunanTedumia
483A1 (Eye point) LAZTLUILYBININ (Image plane) Fanndi 59 fumisreagdauna wxifluda
fmuandesmsuesnmiiguonis lnuduszoy ﬁauizumummmfuwi‘luizumﬁmﬁ
iofiszuaninmirassiild Aumtsvesssunuveanmesiinnuduiusfudwmiaved
Funm amiassiiAntuiszuvesn ezt miifiann MR I Perspective
Tavgaguinaiaresmsaennezegiimunisuesddana [32]

ninmsyeamsiimeanmiin fe mamswesduarananndiveuasiigndes
dmsugala qﬁmuﬁtﬂuqﬂﬁqmﬂ SEnsuianlFdu As msmsunisvesfanduduiiauag
ﬁmmﬂssﬂuﬁqaﬁmﬂmfu MndEmaana s mesmeanm lags Ray tracing @1130
uenoen'ldifiu 2 33defy awdnvazvesmsinrenfiTmiveatasiiannsynuga

duna[33] Ao

71381889 INUVY Ray tracing IAsRAnMMEIDINAUA IS

35MI$1009N MUY Ray tracing Iag3BARmLEnInAusuiianay (Forward Ray
Tracing){33] # sxfivsanfamvetasnnduiidaualuszuudeu sauaaslunm 59

M 59 nvesiagan A Faunsoueutividewdunmiifasinmsasiou
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R, = [X, Y, Z,] (53)
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4 ad
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s, =[x, Y, z] (61)
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Fufvemsanawesegi [X, Y, Z,]die
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MansudURuRIvemsInay mansam lénnmsunuai X, = XXt Y, = YY,t uag

zZ, = Z,+Z ¢ luaunish (62) 1218

At + Bt+ C =0 (63)
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C = XKo-X )V +(Yo-Y.) +(Z,-2.)" -8

1INAUNITN (63) AmoLvBIaNMIvE TRy Ao
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t= A (64)

a \ [ PRy o -
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& a A’ a a o o
AURNUY Quadric (Quadric surface) (uRUAIMaMNInBT LA Tavaumsidedes
' b4
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F(x, v, Z) = Ax®+2Bxy+ 2Cxz+ 2Dx + Ey? + 2Fyz+2Gy+ Hz’ +2Iz+J  (66)

30
A B C Dix
B E F G|y
[XyZI]CFHI Z=0 67)
D G I Jj1

aunsh (66) Wuaumsm lufaunsaldunuaumsvesingaie 9 18 15y

nINaY

(x-m)* +(y—-n)’+(z-o0)’ =1’ (68)
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dionsenauiSedl r uazgagudna1ahi (m, n, o)
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(x-m)*+(y-n)* =1’
Ellipsoid

2 2 2
X- -n Z-0
( rzn)+(}'2)+( 2) 1=0
, o B Y
o , B uazy o semi axis

Elliptic Paraboloid

Hyperboloid

G-m? -0 @9

2

o B Y

(69)

(70)

(71)

(72)
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$1Au AN naui)
1 64 8.77
2 65 13.28
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5 79 9.43
6 83 13.82
7 84 13.82
8 87 12.88
9 88 14.98
10 89 14.95
11 90 18.05
12 91 12.90
13 93 17.42
14 94 21.77
15 95 21.05
16 96 27.26
17 97 17.40
18 102 12.32
19 103 12.32
20 104 12.32
21 105 12.30
22 106 14.05
23 107 14.12
24 108 12.30
25 110 12.32
26 111 12.30
27 112 12.32
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Tlsunsuduniiy

/********************##******************

RAY TRACING by CHADIN KEOPLUNG
TEXTURE MAPPING
SOFT SHADOW - GAUSSIAN DISTRIBUTION
PROGRAM - Borland c++
- Objected Oriented Program
-Model small
t**#*t***************************##******/
# include <dos.h>
# include <stdlib.h>
# include <stdio.h>
# include <conio.h>
# include <fentl.h>
# include <io.h>
# include <alloc.h>
# include <string.h>

# include <time.h>

# include <GRAPHICS.h> # Tsunsudaszuunsivn

# include <Vector.h> / Tsunsudaszuuannls 3 3@
# define MAX X 1024

# define MAX Y 768

# define JITTER 0.01  //jitter coefficient

# define DEGREE 45 // degree of point in light source

# define ZONE 3 // Zone in light source
# define SIGMA 40 //gaussian distribution
# define min(a,b) (a<b)?a:b

# define max(a,b) (@b)?a:b

# define TRUE 1

# define ON 1



# define FALSE 0

# define OFF 0
# define PLANE 1
# define SPHERE 2
int HIT;

int SHADOW;

”*****#t***#***t*****t*********#*#***#****

//*¥***x data structure of light source*****
”*****************************#*******#***
class Light {
public :
Vector location ; // location of light
double intensity ; / intensity of light
double radius ; / radius of point light source
Light *NEXT; // address of next light source
LightQ);
Light(Vector location,double intensity,double radius);
Vector Light::return_loc();
double Light::return_int();
double Light::return_rad(); };
Light::LightQ) {
location = Vector(0,0,0);
intensity = MAX_INTENSITY-1;
radius = 0; }
Light::Light(Vector x1,double x2,double x3) {
location = x1;
intensity = x2;
radius=x3; }
double Light::return_int() {
return(intensity); }
Vector Light::return_loc() {

return(location); }
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double Light::return_rad() {
return(radius); }

//********************t********

//**data structure of objects**
e T
class OBJECT {
public :
int TYPE;// type of object
char NAME[16] ; // name of object
Vector location , // location of object
vectl,
vect2,
vect3,
norm ; // normal vector of object
double Rd, //diffure reflection coefficient
Rs , //specular reflection coefficient
Ra ; //ambient light coefficient
int f ; //factor in specular reflection <1-200>
int COLOR ; // color of object
int TEXTURE ; //texture mapping ON-OFF
int TEXTURE_TYPE ; //type of texture mapping
int TEXTURE COLOR ; //color of texture mapping
OBJECT *NEXT ; // address of next object
OBJECT operator=(OBJECT &);
virtual double FIND TIME(Vector Start_ray,Vector Direct_ray);
virtual Vector FIND_POINT(Vector Start_ray,Vector
Direct_ray,double hit_time);
virtual Vector FIND_NORMAL(Vector point);
virtual int FIND_TEXTURE(Vector point);
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OBJECT OBJECT::operator = (OBJECT & rvalue) {
TYPE = rvalue.TYPE;
strcpy(NAME, rvalue NAME);
location = rvalue.location;
vect] = rvalue.vectl;
vect? = rvalue.vect2;
vectd = rvalue.vect3;
norm = rvalue.norm;
NEXT = rvalue NEXT;
return *this;  }
double OBJECT::FIND_TIME(Vector Start_ray,Vector Direct_ray) {
.double hit_time=0.0;
return(hit_time); }
Vector OBJECT::FIND_POINT(Vector Start_ray,Vector Direct_ray,double hit_time) {
return(Vector(0,0,0)); }
Vector OBJECT::FIND_NORMAL(Vector point) {
return(Vector(0,0,0)); }
int OBJECT::FIND TEXTURE(Vector point)  {
return(0); }

”********************t********

//***DAta structure of WORLD***
”*****************************
typedef struct world {
OBJECT *stack; // address of object
int object_count; / number of object
Light *next _light; // address of light
int light_count ; // number of light
Vector VRP;// View Refference Point;
Vector VPN;// View PLANE Normal;
Vector EYE_PT;//Eye point;
double WINDOW_X LOW;
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double WINDOW_Y_LOW;
double WINDOW_X HI;
double WINDOW _Y_HI;
double AMBIENT ; // ambient light intensity
} World;
World WORLD;
”************************
//**WORLD Initialization**
”********#***************
void init_world(void) {
WORLD.stack = NULL;
WORLD.object_count = 0;
WORLD.WINDOW_X_LOW = -70;
WORLD.WINDOW _X HI = 70;
WORLD.WINDOW_Y_LOW = -40;
WORLD.WINDOW_Y_HI = 40;
WORLD.AMBIENT = MAX_INTENSITY/2;  }

/************************#

** TEXTURE MAPPING **
**************************/
int map1(double x,double y) {
double deltax,deltay;
int WINX,WINY;
WINX = WORLD.WINDOW_X_HI-WORLD.WINDOW_X_LOW;
WINY = WORLD.WINDOW_Y_HI-WORLD.WINDOW_Y_LOW;
deltax = .2;
deltay = 0.5;
if ((x>=0.0)&&(y>=0.0))[|((x<0.0)&&(y<0.0))) {
if ((fabs(fmod(x/(deltax*WINX),2.0))<1.0)&&(fabs(fmod(y/(deltay* WINY),2.0))<1.0))
return(0); //return object color
else {

if ((fabs(fmod(x/(deltax*WINX),2.0))>=1.0)&&(fabs(fmod(y/(deltay*WINY),2.0))>=1.0))
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return(0);
else
return(-1); // return texture color } }
else {
if ((fabs(ﬁnod(x/(deltax*WINX),2.0))<l.0)&&(fabs(ﬁnod(y/(deltay*WB\IY),Z.O))<1.0))
return(-1);
else {
if ((fabs(fmod(x/(deltax*WINX),2.0))>=1.0)&&(fabs(ﬁnod(y/(de1tay*WINY),Z.O))>=1.0))
return(-1);
else
return(0); }}}
int map2(double x) {
double deltax;
int WINX;
WINX = WORLD.WINDOW_X_HI-WORLD.WINDOW_X_LOW;
deltax = .05;
if (x>=0.0) {
if (fabs(fmod(x/(deltax*WINX),2.0))<1.0)
return(0);
else
return(-1); }
else {
if (fabs(fmod(x/(deltax*WINX),2.0))<1.0)
return(-1);
else
return(0); } }
int map3(double x,double y) {
double deltax,deltay;
int WINX,WINY;
WINX = WORLD.WINDOW_X HI-WORLD.WINDOW_X_LOW;
WINY = WORLD.WINDOW_Y HI-WORLD.WINDOW_Y_LOW;

deltax = .1;



deltay = 0.1;
if (((x>=0.0)&&(y>=0.0))[|((x<0.0)&&(y<0.0))) {
if ((fabs(ﬁnod(x/(deltax*WINX),Z.O))<l.0)&&(fabs(ﬁnod(y/(deltay*WIl\IY),2.0))<1.0))
return(0);
else {
if ((fabs(ﬁnod(x/(deltax*WINX),2.0))>=l.0)&&(fabs(ﬁnod(y/(deltay*WINY),2.0))>=1.0))
return(0);
else
return(-1); } }
else {
if ((fabs(fmod(x/(deltax* WINX),2.0))<1.0)&&(fabs(fmod(y/(deltay* WINY),2.0))<1.0))
return(-1);
else {
if ((fabs(fmod(x/(deltax* WINX),2.0))>=1.0)&3:(fabs(fmod(y/(deltay*WINY),2.0))>=1.0))
return(-1);
else
return(0); }} }
# define MAP1_X 100
# define MAP1_Y 100
# define MAP2_X 200
# define MAP2_Y 200
# define OPEN_MAP2 "P_FILE.200" /Atfludieyanin
# define OPEN_MAP1 "P_FILE1.100" //uludioyanin
unsigned char map1p[MAP1_X][MAP1_Y];
unsigned char map2p[MAP2_X][MAP2_Y];
void open_map() {
unsigned char *dong;
FILE *filel;
int 1,j;
dong = new unsigned charfMAP2_Y];
filel = fopen(OPEN_MAP2,"rb");
for (i=0;i<MAP2_X;it++) {
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fread(dong, MAP2_Y,1 filel);
for(j=0;j<MAP2_Y;j++) {
map2p[MAP2_Y-j-1][i] = dong(jl; } }
fclose(filel);
delete dong; }
void open_map1() {
unsigned char *dong;
FILE *filel;
int ij;
dong = new unsigned charfMAP1_Y];
filel = fopen(OPEN_MAP1,"rb");
for (i=0;i<MAP1_X;i++) {
fread(dong, MAP1 Y,1,filel);
for(j=0;j<MAP1_Y;j++) {
map1pfjlli] = dong(j]; }}
fclose(filel);
delete dong; }
int map4(double x,double y) {
int dongl;
dong1 = map2p[fmod(fabs(x),MAP1_X)}[fmod(fabs(y), MAP1_Y)I;
return((dong1%MAX_COLOR)*(MAX_INTENSITY-1)); }
int map5(double x,double y) {
int dongl;
dongl = map1p[finod(fabs(x),MAP1_X)][fmod(fabs(y),MAP1_Y)];
return((dong1%MAX_INTENSITY)/4); }
int map6(double x,double y) {
int dong1;
double start_x,start_y;
start_x = 50;
start_y = 100;
if ((fabs(x)>=start_x)&&(fabs(x)<=(start_x*+MAP1_X)))&&((fabs(y)>=start_y)&&(fabs(y)
<=(start_y+MAP1_Y)))) {
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dongl = maplp[ﬁnod((fabs(x)-start__x),MAPl_X)][ﬁnod((fabs(y)-start . y),MAP1_Y)];
return((dong1 %MAX_INTENSITY)/4); }

else
return (-1); //return object color  }

int map7(double x,double y) {

int dongl;
dongl = map2p[finod(fabs(x), MAP2_X)][fmod(fabs(y),MAP2_Y)];
return((dong1%MAX_INTENSITY)/4); }

”************************#**

//**data structure of plane**
”**************#************
class Plane : public OBJECT {
public :
Plane() ;
double FIND TIME(Vector Start_ray,Vector Direct_ray);
Vector FIND_POINT(Vector Start_ray,Vector Direct_ray,double hit_time);
Vector FIND_NORMAL(Vector point);
int FIND TEXTURE(Vector point); };
Plane :: Plane() {
TYPE = PLANE;
NEXT =NULL; }
double Plane::FIND_TIME(Vector Start_ray,Vector Direct_ray) {
double hit_time;
double vd,v0;
vd = (location%Direct_ray);
if (vd == 0.0)
hit_time = 0.0;
else {
v0 = ~(vectl.return_x(+(location%Start_ray));
hit_time = v0/vd;
if (hit_time<le-10)

hit_time =-1.0; }
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returnhit_time); }
Vector Plane::FIND_POINT(Vector Start_ray,Vector Direct_ray,double hit_time) {
Vector hit_point;
hit_point = Start_ray+(Direct_ray*hit_time);
return(hit_point); }
Vector Plane::FIND_NORMAL(Vector point) {
Vector normal;
normal = location;
return(normal); }
int Plane::FIND_TEXTURE(Vector point) {
int texture_inten; //return intensity of texture mapping
switch (TEXTURE_TYPE)  {
case 1:{
if (location.retun_x() == TRUE)
texture_inten = mapl(point.return y(),point.return_z(0);
else {
if (location.return_y() == TRUE)
texture_inten = map1(point.return_x(),point.return_z0);
else
texture_inten = map1(point.return_x(),point.return  yO0); )
break; }
case 2: {
if (location.return_x() == TRUE)
texture_inten = map2(point.return_yQ);
else {
if (location.return_y() == TRUE)
texture_inten = map2(point.return_x());
else
texture_inten = map2(point.return_x(); }
break; }
case 3: {

if (location.return_x() == TRUE)
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' texture_inten = map3(point.return _y(),point.return_z();
else {
if (location.return_y() == TRUE)
texture_inten = map3(point.retum_x(),pomt.retum_z());
else
texture_inten = map3(point.return_x(),point.return L y(); }
break; }
case 4: {
if (location.return_x() == TRUE)
texture_inten = map4(point.return _ yO,point.return_z0);
else {
if (location.return_y() == TRUE)
texture_inten = map4(point.return_x(),point.return_z());
else
texture_inten = map4(point.return_x(),point.return  yQ); }
break; }
case 5: {
if (location.return_x() == TRUE)
texture_inten = map5(point.return _y(Q,point.return_z();
else {
if (location.return_y() == TRUE)
texture_inten = map5(point.return_x(),point.return_z0);
else
texture_inten = map5(point.return_x(),point.return L y0); }
break; }
case 6: {
if (location.return_x() == TRUE)
texture_inten = map6(point.return _y(),point.return_z0);
else {
if (location.return_y() = TRUE)
texture_inten = map6(point.retum_xO,point.return_z());

else



texture_inten = map6(point.return_x(),point.return  y0); }
break; }
case 7: {
if (location.return_x() == TRUE)
texture_inten = map7(point.return _y(),point.return_z());
else {
if (location.return_y() == TRUE)
texture_inten = map7(point.return_x(),point.return_z());
else
texture_inten = map7(point.return_x(),pgint.return . y0); }
break; }
default : {
if (location.return_x() == TRUE)
texture_inten = map1(point.return  y(),point.return_z();
else {
if (location.return_y() == TRUE)
texture_inten = map1(point.return_x(),point.return_zQ);
else
texture_inten = map1(point.return_x(),point.return L y0); }
break; } }
return(texture_inten); }

”****************************

//**data structure of sphere**
”****************************
class Sphere : public OBJECT {
public :
Sphere();
double FIND_TIME(Vector Start_ray,Vector Direct_ray);
Vector FIND_POINT(Vector Start_ray,Vector Direct_ray,double hit_time);
Vector FIND_NORMAL(Vector point);
int FIND_TEXTURE(Vector point); };
Sphere :: Sphere() {

154



TYPE = SPHERE;
NAME[0] = NULL;
NEXT=NULL; }

double Sphere::FIND_TIME(Vector Start_ray,Vector Direct_ray)

double hit_time;
double AA,BB,CC discr;
Vector w;
AA = Direct_ray%Direct_ray;
w = Start_ray-location;
BB = (Direct_ray%w)*2.0;
CC = (w%w)-(vectl.return_x(*vectl.return_x0);
if (AA == 0.0)
hit_time = 0.0;
else {
discr = (BB*BB)-(4.0*CC);
if (discr < 0.0)
hit_time =-1.0;

else

hit_time = (-BB -sqrt(discr))/2.0; }

return(hit_time); }

Vector Sphere::FIND_POINT(Vector Start_ray,Vector Direct_ray,double hit_time) {

Vector hit_point;
hit_point = Start_ray+(Direct_ray*hit_time);

return(hit_point); }

Vector Sphere::FIND_NORMAL(Vector point) {

Vector normal;

normal = ~(point-location);

return(normal); }

int Sphere::FIND_TEXTURE(Vector point)
int texture_inten;

Vector delta;

double newx,newy;
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switch (TEXTURE_TYPE) {

case 1: { .

delta = point-location; /point - location of sphere

newx = atan2(de1ta.retum__x(),deltaretum_z())*vectl return_x0;

newy =
atan2(sqrt((de1ta.retmn_x0*delta.retum_x())+(delta.teturn_z()*delta_retum_zO)),delta.retum L y()
*vectl.return_x();

texture_inten = mapl(newx,newy);

break; }

case 2: {

delta = point-location; //point - location of sphere

newx = atan2(delta.return_x(),delta.return_z())*vectl return_x(;

texture_inten = map2(newx);

break; }

case 3: {

delta = point-location; //point - location of sphere

newx = atan2(delta.retum__x(),delta.return_zO)*vect1.retum_xO;

newy =
atan2(sqrt((delta.remm_x()"‘delta.retum_xO)+(delta.return_zO*delta.remm_zO)),delta.renun . y0)
*vectl.return_x();

texture_inten = mapl(newx,newy);

break; }

case 4: {

delta = point-location; //point - location of sphere

newx = atan2(delta.return_x(),delta.retum_zO)*vect1.return_x();

newy =
atan2(sqxt((delta.retum_x()*delta.return_x())+(de1ta.retum_z()*dclta.retum_z())),delta.remrn  y(0)
*yectl.return_x();

texture_inten = map4(newx,newy);

break; }

case 5: {

delta = point-location; //point - location of sphere
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newx = atan2(delta.return_x(),delta.return_z())*vectl return_x();
newy =
atan2(sqrt((delta.remm_x0*delta.retmn_x())+(delta.retmn_zO*delta.retum_z())),delta.return L y()
*vectl.retum_x();
texture_inten = map5(newx,newy);
break; }
case 6: {
delta = point-location; //point - location of sphere
newx = atan2(delta.return_x(),delta.return_z())*vectl.return_x();
newy =
atan2(sqrt((de1ta.retum_x()*delta.retum_x())+(delta.retmn__z()*delta.retum_zO)),delta.retum . y(0)
*vectl.return_xQ);
texture_inten = map6(newx,newy);
break; }
case 7: {
delta = point-location; //point - location of sphere
newx = atan2(delta.return_x(),delta.return_z())*vectl.return_x();
newy =
atan2(sqrt((delta.retum__x()*delta.retum_x())+(delta.retum_z()*delta.retum_z())),delta.retum - y0)
*vectl.return_x();
texture_inten = map7(newx,newy);
break; }
default: {
delta = point-location; //point - location of sphere
newx = atan2(delta.return_x(),delta.return_z())*vectl.return_x();
newy =
atan2(sqrt((delta.retum_xO*delta.retum_x())+(delta.retum_z()*delta.retum_zO)),delta.remm  y()
*vectl.return_x();
texture_inten = mapl(newx,newy);
break; } }

return(texture_inten);  }

//************************************



158

//**find direction of reflection ray**
”************************************
Vector REFLECTION(Vector direction,Vector normal) {
// direction = direction of ray
// normal = normal vector of object
Vector reflect;
reflect = ~(direction-normal*(direction%normal)*2.0);
return(reflect); }

”*************************************

[//**get data of sphere & put in WORLD**
”*************************************

OBJECT *get_sphere(Vector c,double r,int color,double diffuse,double specular,double
spec_f,double ambient,int texture,int texture_type,int texture_color) {
Sphere *newobj;

cout<<endl<<"INPUT SPHERE : "<< c<<"RADIUS " <<T;
newobj = new Sphere;

newobj->TYPE = SPHERE;

newobj->location = ¢;

newobj->vectl = Vector(r,0,0);

newobj->COLOR = color;

newobj->Rd = diffuse;

newobj->Rs = specular;

newobj->f = spec_f;

newobj->Ra = ambient;

newobj->TEXTURE = texture;
newobj->TEXTURE_TYPE = texture_type;
newobj->TEXTURE_COLOR = texture_color;
newobj->NEXT = WORLD.stack;
WORLD.object_count-++;

return (newobj); }

”************************************

//**get data of plane & put in WORLD**
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”************************************

OBJECT *get_plane(Vector c,double dist,int color,double diffuse,double specular,double
spec_f,double ambient,int texture,int texture_type,int texture_color) {
Plane *newobj;

cout<<endl<<"INPUT PLANE : "<<¢;

newobj = new Plane;

newobj->TYPE = PLANE;

newobj->location = c;

newobj->vectl = Vector(dist,0,0);

newobj->COLOR = color;

newobj->Rd = diffuse;

newobj->Rs = specular;

newobj->f = spec_f;

newobj->Ra = ambient;

newobj->TEXTURE = texture;

newobj->TEXTURE_TYPE = texture_type;
newobj->TEXTURE_COLOR = texture_color;

newobj->NEXT = WORLD.stack;

WORLD.object count++;

return (newobj); }

void display(OBJECT *last_object) {

while (last_object!=NULL) {
cout<<endl<<"TYPE"<<last_object->TYPE<<last_object->location<<" " <<last_object->vectl;
last_object = last_object->NEXT; } }

”****************************************************

//**change view plane coordinate to world coordinate**

”***********#****************************************

Vector VIEWtoWORLD(Vector me1,Vector mc2,Vector me3,Vector point) {
Vector aal;

double al,a2,a3;

al = (point.return_x()*mc1.return_x()+(point.return _y(*me2.return_x())+(point.return_z()*

mc3.return_x());



a2 = (point.return_x(/*mc1.return_yQ)+(point.return_y(*mc2.retum _yQ)+(point.return_z(*

mc3.return_y();

a3 = (point.return_x()*mcl.return_z()}+(point.return _y()*mc2.retum_z())+(point.retum_z0*

mc3.return_z());
aal = Vector(al,a2,a3);
return(aal);  }

”****************************#***t****

//**calculate diffuse light intensity**
[[RAE AR R R R R R
unsigned int DIFFUSE_LIGHT(Light light,Vector point,Vector normal,double coef)
// return intensity 0-MAX INTENSITY-1
// light-data of light source
// point-hitted point
// normal-normal vector of hitted point
// coefficient - diffuse coefficient
Vector Us;
double inten_d;
Us = ~(light.return_loc()-point);
inten_d = fabs(light.return_int()*coef*(Us%normal));
return((int) inten_d);  }

”*************************************

//**calculate ambient light intensity**
”*************************************
unsigned int AMBIENT_LIGHT(double coef)  {
// return intensity 0-MAX_INTENSITY-1

// coefficient - ambient

double inten_a;

inten_a = fabs(WORLD.AMBIENT *coef);
return((int) inten_a); }

”******************#***************##**

//**calculate specular light intersity**

”*******************************#******
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unsigned int SPECULAR_LIGHT(Light light,Vector point,Vector normal,double coef,int
coef f,Vector ray_c) {
// light-data of light source
// point-hitted point

// normal-normal vector of hitted point
// coefficient - specular coefficient
// coef _f - factor of specular light
// ray_c - direction of eye

double inten_s;

Vector Uv,Ur,Us;

Vector R,S;

S= light.retum_loc.:()-point;

R = (normal*((S%normal)*2.0))-S;

Uv = ((ray_c));
inten_s= fabs(light.retum_int()*coef*pow((Ur%Uv),coef_f));
return((int) inten_s);  }
int SELECT SHADE(int amb,int diff,int spec,int map)  {
int total_int;
total_int = amb+diff+spec+map;
if (total_int>MAX_INTENSITY-1)
total_int = MAX_INTENSITY-1;
return(total_int); }
int SELECT_SHADOW!(int amb,int diff,int spec,int soft) {
int total_int;
total_int = amb+diff+spec+soft;
if (total_int>MAX_INTENSITY-1)
total_int = MAX_INTENSITY-1;
return(total_int); }
int read_pixel(int x,int y) {

union REGS r;



r.h.ah = 0x0d;
[.X.CX =X;
rx.dx =1y;
int86(0x10,&r,&r);
return(r.h.al);  }
unsigned int get_soft_shadow(Vector position,Light light,OBJECT *object],OBJECT
*first_object)  {
int i;
int ray_num{ZONE+1]; /number of ray
int unblock[ZONE-+1]; /number of unblock ray
double int_z[ZONE+11;// intensity of each zone
double int_z_sum;//sum of fraction of light intensity
Vector second_light;//secondary ray
double distance; //distacne from light source and point on surface
double theta,deltax,deltay,a,b,c,mu;
double circle_radius,circle_distance;
double hit_time;
unsigned int fraction;
unsigned int max_shadow;
double x,y,z;
int deg,zon;
Vector new_second ; // new vector of secondary ray
Vector jitter_dir;
second_light = light.return_loc()-position;
distance = sqrt(second_light%second_light);
second_light = ~(second_light);
unblock[0] = 1;
ray_num[0] = 1;
for(i=1;i<ZONE+1;i++) {
unblock(i] = floor(360/DEGREE);
ray_numli] = floor(360/DEGREE); }

// calculate circle of light source
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theta = asin(light.return_rad()/distance);
circle_radius = light.return_rad()*cos(theta);
circle_distance = distance - light.return_rad(*sin(theta);
// calculate jitter facter & direction of jittered hexagonal light source
deltax = JITTER *((rand()%100)/100.0);
deltay = JITTER*((rand()%100/100.0));
//calculate intensity of each zone
int_z_sum = 0;
for (zon=0;zon<ZONE+1;zon++) {
x = (circle_radius/ZONE)*zon;
int_z[zon] = 1.0/(SIGMA*sqrt(2.0*PI))*exp(-l.0/2.0*(x/SIGMA)*(x/SIGMA));

int z sum = int z_sumt+int_z[zon}; }
//CENTER OF LIGHT SOURCE
x= 0;
y=0;

z = circle_distance;
new_second =Vector(x,y,z);
a = second_light.return_x();
b = second_light.return_y();
¢ = second_light.return_z();
mu = sqrt(b*b+c*c);

x = mu*new_second.return_x()+a*new_second.return_z();

y = -a*b*new_second.return_x()/mu+c*new_second.return _y()fmu+b*new_second.remm_z();

z=-a*c*new_second.return_x()/mu-b*new_second.return _y(/mu+c*new_second.return_z();

jitter_dir = Vector(x,y,z);
/lcalculate fraction of unblocked light
max_shadow=AMBIENT_LIGHT(first_object->Ra);
SHADOW = FALSE;
hit_time= object]->FIND_TIME(position,~j itter_dir));
if ((hit_time> -1e-10)&&(hit_time<1e10) {
SHADOW = TRUE,;
unblock[0]-; }
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i(ZONE>0)  {
for(deg = 0;deg<360;deg=deg+DEGREE) {
for (zon = 0;zon<ZONE;zon++) {

x=
((circle_radius/ZONE)+(circle_radius/ZONE)*zon+(deltax*circle_radius))*(cos(PI/l80.0*deg));

y=
((circle_radius/ZONE)+(circle__radius/ZONE)*zon+(de1tay*circle_radius))*(sin(PI/l80.0*deg));

z = circle_distance;

new_second =Vector(x,y,z);

a = second_light.return_x();

b = second_light.return_y();

¢ =second_light.return_z();

mu = sqrt(b*b+c*c);

X = mu*new_second.return_x()+a*new_second.retum_z();

y=-
a*b*new_second.return_x()/mu+c*new_second.return _y()/mu+b*new_second.return_z();

z=-a*c*new_second.return_x()/mu-
b*new_second.return_y()/mu+c*new_second.return_z();

jitter_dir = Vector(x,y,z);

/lcalculate fraction of unblocked light

SHADOW = FALSE;

hit_time= object1->FIND_TIME(position,~(jitter_dir));

if ((hit_time> -1e-10)&&(hit_time<1e10)) {
SHADOW = TRUE;
unblock[zon+1}-~; il
fraction =0;
for(i=0;i<ZONE+1;i++) {
fraction = fraction + ﬂoor((light.retum_int()*(int_z[i]/int_z_sum))*unblock[i]/ray_num[i]); }
if (fraction>(max_shadow))
fraction = max_shadow;

return(fraction); } \

void main() {



OBJECT *END_ADD; // end address of objects

OBJECT *object;

OBJECT *dummy; //first object hit by eye ray

OBJECT *dummyl; // first object hit by secondary ray
OBJECT *dummy?2; / object hit by secondary ray for soft shadow
OBJECT *first_object;/first object hit by eye ray

int x,y;

double newx newy;

Vector ray_s; // start point of eye ray

Vector ray_c; // direction of eye ray

Vector eye_world; //start point of eye in world coordinate
Vector start_world; / start point of ray in world coordinate
Vector direct_world; // direction of ray in world coordinate
Vector world_v;

double time_min; / minimum time that ray hit objects

double hit_time; // time that ray hit object

double hit_timel; // time that secondary ray hit object for soft shadow

double hit_light;// time that 2nd ray hit light source
Vector hit_point; // point that ray hit object

Vector first_point; // first point that ray hit object
Light light1;

time_t first,second;

unsigned int intensity1;

unsigned int intensity2;

unsigned int intensity3;

unsigned int intensity4;

unsigned int shadow_intensity;

unsigned int total_int;

unsigned int max_shadow; // maximum intensity of shadow
int color_intensity; // intensity of new object
unsigned int color_factor; // color of new object

Vector second_ray; // ray from hitted point to light source
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Vector normal;

int i,j;

init_world();

Vector VtoW1,VtoW2,VtoW3;

END_ADD = new OBJECT;

object = new OBJECT;

first_object = new OBJECT;

dummy = new OBJECT;

dummy! = new OBJECT;

dummy?2 = new OBJECT;

// read data from map picture

open_map();

open_mapl();

WORLD.stack = get_sphere(Vector(150,100,150),100,1 ..8,.35,5,.5,0N,2,0);
WORLD.stack = get_sphere(V ector(150,260,150),60,2,.54,.45,4,.55,0N,2,1);
WORLD.stack = get_sphere(Vector(150,360,150),40,0,.34,.5,3,.65,0FF,3,1);
Jersnkxxkx  AND

WORLD.stack = get_sphere(Vector(75,270,150),30,0,.34,.6,3,.65,0FF ,5,0);
WORLD.stack = get_sphere(V ector(225,270,150),30,0,.34,.6,3,.65 ,OFF,5,0);
J[RREEEEE A

WORLD.stack = get_sphere(Vector(l50,290,95),10,0,.34,.6,3,.65,0FF,5 J0);
WORLD.stack = get__sphere(Vector(l50,260,85),10,0,.34,.6,3,.65,0FF ,5,0);
WORLD.stack = get_sphere(Vector(150,230,95),1 0,0,.34,.6,3,.65,0FF 5,0);
JerrxexrtxEYE

WORLD.stack = get_sphere(Vector(150,360,102),8,1,.34,.6,3,.65,0FF,5,0);
WORLD.stack = get_sphere(Vector(130,370,1 10),4,3,.34,.6,3,.65,0FF,5,0);
WORLD.stack = get_sphere(Vector(170,370,1 10),4,3,.34,.6,3,.65,0FF,5,0);
J/x**xEREERR] [PS

WORLD.stack = get_sphere(Vector(130,350,1 10),4,1,.34,.6,3,.65,0FF,5,0);
WORLD.stack = get_sphere(Vector(140,342,1 10),4,1,.34,.6,3,.65,0FF,5,0);
WORLD.stack = get_sphere(Vector(150,340,1 10),4,1,.34,.6,3,.65,0FF,5,0);
WORLD.stack = get_sphere(Vector(160,342,110),4,1 ,.34..6,3,.65,0FF,5,0);
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WORLD.stack = get_sphere(Vector(170,350,1 10),4,1,.34,.6,3,.65,0FF,5,0);

”**********

WORLD.stack = get_cylinder(Vector(600,0,700),500,50,3,.85,.45,2,.4,0FF,1,3);

”*************

WORLD.stack = get_cone(Vector(400,0,500),400,100,2,.85,.45 ,2,.4,0FF,1,3);
R R
WORLD.stack = get _plane(Vector(0.0,1.0,0.0),0,0,.85,.45,2,.4,0N,1,3);
WORLD.VRP = Vector(180,120,-645);
WORLD.VPN = ~(-WORLD.VRP),
WORLD.EYE_PT = Vector(0,0,-50);
END_ADD = WORLD.stack;
light1= Light(Vector(-5 00,800,-900), MAX_INTENSITY-1,200);
display(WORLD.stack);
getch();
gscreen();//1024x768 .
SET_VGA_PALETTE();
world_v = Vector(0,-1,0);
VtoW3 = WORLD.VPN;//n
VtoW2 = ~(world_v-(VtoW3*(world_v%VtoW3)));// v
VtoW1 = (VtoW3*VtoW2); /fu
first = time(NULL);
for (x = 0;x<MAX_X;x++) {
for (y=0;y<MAX_Y;y++) {

// calculate coordinate of picture plane (screen)

HIT = FALSE;

newx = (WORLD.WINDOW_X_LOW)+(x*(WORLD.WINDOW_X_HI-
WORLD.WINDOW_X_LOWYMAX_X));

newy = (WORLD.WINDOW_Y_LOW)+(y*(WORLD.WINDOW_Y_HI-
WORLD.WINDOW_Y_LOW)MAX_Y));

WORLD.stack = END_ADD;

// change to world coordinate

eye_world = VIEWtoWORLD(VtoW1,VtoW2,VtoW3 ,WORLD.EYE_PT)+WORLD.VRP;
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start_world = VIEWtoWORLD(VtoW1,VtoW2,VtoW3 ,Vector(newx,newy,0))+WORLD.VRP;
direct_world = start_world-eye_world;
ray_s = eye_world,
ray_c = ~(direct_world);
time_min = 1000000000;
// check that eye ray hit object (you can see that object
for (i = 0:i<WORLD.object_count;i++) {
object = WORLD.stack;
hit_time= object->FIND_TIME(ray_s,ray_c);
if ((hit_time > -1e-10)&&(hit_time<time_min)) {
time_min = hit_time;
hit _point=object->FIND_POINT(ray_s,ray_c,hit_time);
first_point = hit_point;
dummy = WORLD.stack;
first_object = WORLD.stack;
HIT = TRUE; }
WORLD.stack = object->NEXT; }
//dummy = address of first object
//first point = first hit point
// if eye ray hit any object
if (HIT==TRUE) {
//find shadow ray from first hit point
ray_s = first_point;
normal=(~(dummy->FIND_NORMAL(ray_s)));
second_ray = ~(lightl.return_loc()-ray_s);
hit_light = dummy->FIND_TIME(light1 return_loc(),Vector(0.0,0.0,0.0)-second_ray);
WORLD.stack = END_ADD;
SHADOW = FALSE;
// check that point is in shac?ow ?
for (i = 0;i<WORLD.object_count;i++) {
object = WORLD.stack;

hit_time= object->FIND__TIME(ray_s,second_ray)',



169

if ((hit_time>=-1e—10)&&(hit_time<=1e10)&&(hit_time<=hit_1ight {
SHADOW = TRUE;
dummyl = WORLD.stack;
break; }
WORLD.stack = object->NEXT; }
if SHADOW !=TRUE) {
// if the point isn't in shadow
if (first_object->TEXTURE == OFF) {
color_factor = first_object->COLOR*MAX_INTENSITY;
color_intensity = -1; }
else {
color intensity = first_object->FIND_TEXTURE(first_point);
if (color_intensity == -1)
color_factor = first_object->COLOR*MAX_INTENSITY;
else
color_factor = first_object->TEXTURE_COLOR*MAX INTENSITY; b
intensityl=AMBIENT_LIGHT(dummy->Ra);
intensity2=DIFFUSE_LIGHT(light1 ray_s,normal,dummy->Rd);
intensity3=SPECULAR_LIGHT(light1 ray_s,normal,dummy->Rs,dummy->fray_c);
total_int = SELECT_SHADE(intensity1,intensity2,intensity3 ,color_intensity); ¥
else {
// shadow from itsalf
if (first_object == dummy1) {
if (first_object->TEXTURE == OFF) {
color_factor = first_object->COLOR*MAX_INTENSITY;
color_intensity =-1; }
else {
color_intensity = first_obj ect->FIND_TEXTURE(first_point);
if (color_intensity == -1)
color_factor = first_object->COLOR*MAX_INTENSITY;
else

color_factor = first_object->TEXTURE_COLOR*MAX_INTENSITY; }
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max_shadow=AMBIENT_LIGHT(ﬁrst_object->Ra);
intensityl = 0;
intensity2=0;
intensity3 = 0;
WORLD.stack = END_ADD;
/{ check point is in shadow by another objects?
intensity4 =1e10;
=0;
for (i = 0;i<WORLD.object_count;i++) {
object = WORLD.stack;
hit_timel= object->FIND_TIME(ray_s,second_ray);
if ((hit_timel>= -1e-10)&&(hit_timel<=lel0))  {
dummy?2 = WORLD..stack;
shadow _intensity = get_soft_shadow(ray_slightl ,dummy?2,first_object);
if (shadow_intensity<intensity4)
intensity4 = shadow_intensity;  }
WORLD.stack = object->NEXT; }

total_int

=SELECT SHADOW 1(max_shadow,intensityl jintensity2,intensity3,(max_shadow-intensity4 ));

}

else {
if (first_object->TEXTURE==0OFF)  {
color_factor = ﬁrst__object->COLOR*MAX_INTENSITY;
color_intensity = -1; }
else {
color_intensity = first_object->FIND_TEXTURE(first _point);
if (color_intensity ==-1)

color_factor = ﬁrst_object->COLOR*MAX_INTENSITY;
else

color_factor = ﬁrst_object->TEXTURE_COLOR*MAX_INTENSITY; }
max_shadow=AMBIENT_LIGHT(ﬁrst_object->Ra);

intensity 1=intensity2=intensity3=0;
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WORLD.stack = END_ADD;
// check that point is in shadow ?

intensity4 =1e10;

=0

for (i = 0;i<WORLD.object_count;i++)  {

object = WORLD.stack;

hit_timel= object->FIND_TIME(ray_s,second_ray);

if ((hit_time1>= -1e-10)&&(hit_timel<=1e10))  {

dummy2 = WORLD.stack;

shadow_intensity = get_soft_shadow(ray_s,light1,dummy2.first obj ect);

if(shadow_intensity<intensity4)

intensity4 = shadow_intensity; }

WORLD.stack = object->NEXT; }

total_int
=SELECT_SHADOW 1(max_shadow,intensity1 .intensity2,intensity3,(max_shadow-intensity4 »;

L

WRITE_DOT(x,y,color_factor+total int); } }  }
second = time(NULL);
getch();
tscreen();
delete END_ADD,dummy,object,dummy1,dummy?2first_object;
printf("Generate PICTURE TIME : %f seconds.\n" difftime(second, first));
printf("Generate PICTURE TIME : %f min.\n",(difﬁime(second,ﬁrst)/60.0));
}
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