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Blending

e nannuusdaaie glColor™*(...) wanunsaninum alpha
NGIGGRHE

* Alpha &l3l€paurunisin blending

* Blending Aannsanuani@uas pixel Tndiiia fragment

Tndindsazgniasuasuu framebuffer Tnevinen@aas pixel

LANNITINATUIDADE



Blending (ao)

* MEFauNuunliian1IAuIdaas pixel aasuuy
— 1a1d1as fragment aununasaawiuasuu framebuffer

— iudaas fragment #lndnnngeanld (z-buffer algorithm)
* OpenGL aunninisauani@lavanauuundniiunn
o = dl 1 1 Y QQIJ (= =\ 1
* n1gAINAUATEe] LU 7 i ldaeauuudauuBieAEanaagadn

blending



ms azianly blending

e Lanazin blending #esdasngs
glEnable(GL _BLEND);

e nanazanin blending (navluld z-buffer visanisamiu)
A

glDisable(GL_BLEND);



Source uaz Destination

* a1 blending azidaysaninendasaassn
— Source ~a @ RGBA aas fragment dulniinniidsazgniasuas
uu pixel wilsaas framebuffer

— Destination aa 2 RGBA a4 pixel #aguu framebuffer
FaLineLAn

* 131a1aAnlsadn destination AadnAIRINATY
fragment nifinangilisngndenanan source isiun



aums Blending

o meAunElndazflullausunisdnegn il
new color=(R S, +R,D,,G S, +G,D,,BS, +B,D,,AS, +A,D,)
Tneii
(s,,5,,5,,S,) Aedwas source
(D.,D,,D,,D,) Aagaas destination
(R.,G,,B_, A)zuni “blending factor” aas source
(R,,G,,B,,4,) 53anin “blending factor” ves dest’



Mdamrua Blending Factor
e aunsnnvun blending factor 1§gaasnéc
glBlendFunc(GLenum src, GLenum dest)
LAZANS
glBlendFuncSeparate(

GLenum srcRGB, GLenum srcAlpha,

GLenum destRGB, GLenum destAlpha)

e aasianduiisnenunen glBlendFuncSeparate avw1sn
nua blending factor tnauan RGB iy A aananniuls



maantvuadvsy Blending Factor

e anldli argument wiazsafuarasiluasesialiu

Constant Relevant Factor Computed Blend Factor
GL_ZERO source or destination (0,0,0,0)
GL_ONE source or destination (2,1,1,12)
GL_DST COLOR source (Rd, Gd, Bd, Ad)
GL_SRC_COLOR destination (Rs, Gs, Bs, As)

GL_ONE_MINUS_DST_COLOR source (2,1,1,1)-(Rd, Gd, Bd, Ad)

GL_ONE_MINUS_SRC_COLOR destination (1,1, 1, 1)-(Rs, Gs, Bs, As)

GL SRC_ALPHA source or destination (As, As, As, As)

GL_ONE_MINUS_SRC_ALPH A source or destination (1,1, 1, 1)-(As, As, As, As)

GL_DST_ALPHA source or destination (Ad, Ad, Ad, Ad)

GL_ONE_MINUS_DST_ALPHA source or destination (2,1, 1, 1)-(Ad, Ad, Ad, Ad)

GL_SRC_ALPHA SATURATE source (f, f, f, 1); f=min(As, 1-Ad)




AMvuamsosruen s lugums Blending

* 131898 N1TDATRINNNEN I 9INARe source fu destination
Wanaiule duldandudaaduiasaesinnguan

o |paangtianunanmuelEEnn A
glBlendEquation(GLenum mode)
LN
glBlendEquationSeparate(GLenum modeRGB,

GLenum modeAlpha)

* ey glBlendEquationSeparate anusnnvuaiATasiung
199 RGB uay A waniuld



AN lumsnvuamsesninglumssi blending

AR NIFATUIUA LN

GL_FUNC_ADD CS+C,D
GL_FUNC_SUBTRACT cS-C,D
GL_FUNC_REVERSE_SUBTRACT C,D-CS
GL_MIN min(C.S,C,D)
GL_MAX max(C S,C,D)

GL_LOGIC_OP Cc.§S op C,D



GL LOGIC OP

. ma‘f&mﬁﬁ GL _LOGIC_OP anin “op” %ammumﬂ

Lﬂﬁ"ﬂﬁﬁlﬂﬂ‘l’]’k‘i P93 m&mmmmmmmumimmg ﬂ’]’eﬁ\‘i

glLogicOp()



avg1e: Matting

n191ngUaas NN taniy

sUfiegdumtiune pixel e1adl alpha Ty 0 wanedn
pixel tsauas vnldifug e o

nsmiilf destination blending factor
GL_ONE_MINUS SRC _ALPHA

wazli source blending factor «flu GL_SRC_ALPHA






a1ee13: Billboarding

v o v aa | v PV 1 v
NN9aF9IRnAAIEaNERANNIN 1w Gl s
o U (% ai o
N1 LU AN AU AE NATUIUNNN
Tinniung pixel & alpha windu O
azanldiwdaunn matting luanuds

11 destination blending factor \flu
GL _ONE_MINUS_SRC_ALPHA
waz source blending factor il GL_SRC_ALPHA



aiee1a: Billboarding (se)




Y, 1 . Yy 9 oY
A19819: MIssdaugdnalenu

* 1 destination blending factor \flu GL_ONE
* 1 source blending factor «flu GL_SRC_ALPHA
* 2mgilusiazgidae alpha =1/3



a10819; Usua RGB

annnniasu framebuffer Taglusaami

blending

n&eanniiuld destination blending factor il
GL SRC _COLOR

wazld source blending factor lu GL ZERO

WAYANUUIN AR WAL UA LAY LAILIUA TN



M31Aag Ils e luauia

sasndngnuandliuaneulaeld depth buffer
wasanntiuitle blending

LRI LEIMENITN

v Q dl v dl v v o/ 1
AaA5523 1 Walildn ningnses 1sesadnglilsuasann
v Y4 v v

ANUNAS b AT



M3NAag Ilsaesluauig (fo)

* Pap255x 2: anndRg llfuasazasianietlasiulyllndng
Tsauaslihdasuuilas depth buffer

o anunsnin’lsk depth buffer lign@eniulddanisd:
glDepthMask(GL_FALSE);

o wsinlTugnideuiuldlmiEnas (feaagUingiiuuaius)
FoaAnda

glDepthMask(GL TRUE);
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alAa

glPushMatrix ()
glTranslatef (-0.15, -0.15, solidZz);
glMaterialfv (GL FRONT, GL EMISSION, mat zero);
glMaterialfv (GL FRONT, GL DIFFUSE, mat solid);
glCalllList (spherelist);

glPopMatrix ()

glPushMatrix (),
glTranslatef (0.15, 0.15, transparenti);
glRotatef (15.0, 1.0, 1.0, 0.0);
glRotatef (30.0, 0.0, 1.0, 0.0);
glMaterialfv (GL FRONT, GL EMISSION, mat emission);
glMaterialfv (GL _FRONT, GL DIFFUSE, mat transparent);
glEnable (GL BLEND) ;
glBlendFunc (GL SRC ALPHA, GL ONE) ;

glDepthMask (GL FALSE) ;
glCalllist (cubelist)

glDepthMask (GL TRUE)
glDisable (GL BLEND);
glPopMatrix ();

N~

e



nuoan

* puanlu OpenGL vl pixel fawasulimuszazvingannmn
* v liinm effect wilauunanaze) 14

* NANlEUNANARIR

glEnable(GL_FOG);

NANARN TR

glDisable(GL_FOG);



NS UIUHUON

e ngauaniunansiast depth buffer wadnszaziineains

favfudessl GLUT DEPTH 1u glutinitDisplay
* nigAMIRMMNANaznuasan render gﬂ%umuﬁluﬁ’wm
o naAwanGaes pixel edvnenazldgmssiellil
C=fC+(1-/)C,
C Aadwas pixel nasainAtuanian
f #a fog factor fiazuanisunilualadselil
C, Angaas pixel luframe buffer

A A
C; Aradaasvinen



Fog Factor

* anunmnuualanisatuans fog factor lalaaads

glFogi(GL_FOG_MODE, GLenum mode)

Tng mode a1 lgaumsasialuil

_ GL_EXP f _ e—(density-z)
. 2

~GLEXP2 [ =g )
end —z

—GL LINEAR [ =
- end — start



ASIFANNONANNE)

¢ gnaERANATesNen A lneAnd
glFogfv(GL FOG_COLOR, Glfloat *color)

N

float fog_color[4] = {0.5f, 0.5f, 0.5f, 1.0f};
glFogfv(GL_FOG_COLOR, fog_color);



ASIFANNONAINNE (79)

e awnsaeAl density aasmnan (MlunisAaiwaningl

GL EXP uaz GL EXP2) l&&aasnda
glFogf(GL FOG_DENSITY, GLfloat density)

* 9@ u1sLamAn start uaz end (l4lun12a"190un96l
GL_LINEAR) 18aaaands
glFogf(GL_FOG_START, GLfloat start) uac
glFogf(GL_FOG_END, GLfloat end)

ANNANAL
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silann http://en.wikipedia.org/wiki/Pixel
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silann http://en.wik a.org/wiki/Pixel



NLyanooas 15 ? (19)

— TURaUN A AN AANENY
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— 1 ANA

— yaglugiu

— WA “ALLUNUS”
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o Warlduannszunugaenm R? lUgannuidiung
* suniluisridusaiiias

* ANNNINNBNIUFATAANAINNGIUAINU

An image seen as a continuous 2D function

Courtesy of Leonard McMillan, Computer Science at the University of
North Carolina in Chapel Hill. Used with permission.



NMNANDA

v 1 6 o ai = o | ai dl
¢ mwimmﬁmmmmﬂx‘msﬁumw t1d ’ﬂﬂ%L?ﬂﬂﬂuLﬂuﬁﬁﬁ"Nﬂm@ﬂN

* NITUIUNNIEUREYNTY NsdnmAdatne (Sampling)

Sampling grid maps continuous t_n;l' :

Courtesy of Leonard McMillan, Computer Science at the University of
North Carolina in Chapel Hill. Used with permission.



NNAVNDD (§1D)

Image shown with sampling grid

Courtesy of Leonard McMillan, Computer Science at the University of
MNorth Carelina in Chapel Hill |Used with permission.
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* 1MAaanN1sasIeAY (reconstruction) walsilaaridu
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wantasng Fengan 91 vavaesds (aliasing)
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JAGGED BOUNDARIES
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IMPROPERLY RENDERED DETAIL
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TaUAND

fariduinaunisituansae et lugtnavanuasieridulad
vivalm lmdle

fdendlugtiunil e Fendnsiuetlu Taiuanad
(frequency domain)

dasuuuvUnfAazizandnadlu Tasnul5ps (spatial
domain)

R R A R o oo A A 0
R IANIFATIN GINLﬂuﬁx‘msﬁum?Lﬂ@’au%m@\‘imiw\‘i
— anunmieni@esllla spectrum analyzer

o 1 = ai 1 dgjd o/ 1 1
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* waatlulamuAND

|
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msudasliSes ()

o Ry f(2) TulauuiFnd
* nsutlasyizasinlmalailanidu F(w) Tulamupaun

* ANMNANNUTIZUIININIADININTU

/ f —z27rw:1:dx

fa) = [ Pe)errds



msudasliSes ()

o i lddyanend F{/ (@)} ununisuilasyFasaas f(z)

FU@) = F@) = [ f@e s

. miLLﬂmeL';rmt,ﬂuﬁmsﬁummu

Fif(z) +9(@)} = F{f(2)} + Fig(z)}
Flef(x)} = cFif(x)}
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* AginnsulaeyFefuasnap e ituaaslaidy
* arldrauligiuaaanisutlasyBasuesieiduanaieriduiin
Fif(x)g(z); = Flw) @ G(w)

e lyunNnuaaAENfY
F{f(x)®g(z)} = F(w)G(w)



GRITRBLERY

f(z) ® g(z) = (f ® g)(x /

A

SAnumnamiiausunig “@ew g(x)

LATATNAANTNIUNANIUINAL T

f(t)g(x — t)dt
Taouiy f(z)
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NAZANUDY
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o Fudau o(z) W f(z) fazideumwlldos

f(x)®d(z —t) = flz—1)
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ANTI-ALISING 1. OPENGL



Antialiasing 1lu OpenGL

* n1gvin antialiasing aasqauazidu

* nann multisampling



nmsi antialiasing vesyauazidu

1¥aennavin antialiasing sesanlid:
glEnable(GL _POINT _SMOOTH);
Edaenisin antialiasing aeqdulids
glEnable(GL _LINE_SMOOQOTH);

Hatnazianldlids glDisable(...) muanaas



nmsi antialiasing vesauazidu (do)

n19vi1 antialiasing wesanuazidulu OpenGL wlunns
nuueel alpha was fragment flsenavauiuanvisaidu

U

A1 alpha gnAtuinwsiag unweighted area sampling
FaThudnaziin antialiasing azsias

— &1 glEnable(GL_BLENDING);

— wazds glBlendFunc(...) Tmunzau



nsih antialiasing vesyauazidu (ao)

* uanazds glBlendFunc asngls?

* nmuanld
gIBlendFunc(GL_SRC_ALPHA, GL ONE_MINUS_SRC_ALPHA)

* LNgN9n Ll
glBlendFunc(GL_SRC_ALPHA, GL_ONE)
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nsih antialiasing vesyauazidu (ao)
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— Wasanld blending avdunimiaiduiazqnasiinasiagy
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* fasadngnuuas inuanay udAeanduLazqm

* uavazsasiiniinli depth buffer {uwuu readonly éog
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msi1 multisampling

aunsnldlanuginaala Ala
LALAYLIAINIINIWIUNIN

wannsAaase fragment wuau 4 win

Laanaiennnazin lduasslnalvidazes 1 fragment aas
primitive nazianldugns winduAtiaaaaas@ues 4
fragment @wasunine 2 pixel a1 2 pixel) vasnadng
UUH
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VUHADU

e fix GLUT MULTISAMPLE aslu
glutinitDisplayMode ssil:

glutinitDisplayMode(GLUT DOUBLE |
GLUT RGB | GLUT DEPTH |
GLUT _MULTISAMPLE);

o a4l glEnable(GL_MULTISAMPLING);
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Jariims compile vy Windows

 Multisampling \flumauanunsaluaininadnunlu
OpenGL weidunaa

* us OpenGL furiu Windows aginnasdy 1.1 @aiany
Usennu 10 Tuan

* mutiutn compile TansatinamuassmaLdsaznudnduladan

A1 GL_MULTISAMPLE



GLEW

OpenGL Extension Wrangler (GLEW) w{lulausi37

flumadhivanuanansazes OpenGL gulvl sty
NAFTULAN UFANHLANIZ MENTALITLNAN

anunsn download dulai
http://glew.sourceforge.net

15 download Win32 binary aasiuun udqusn zip wa

1 glew32.dll 14157 c:\windows\system32

wianantin glew.h uaz glew32.lib 1414131 solution
gaqldaunsuaaais muwagany GLUT



GLEW (o)

e nanldau GLEW W include 1na glew.h nau glut.h
T1d

#Hinclude <windows.h>

#include <GL/glew.h>
#tinclude <GL/glut.h>




