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1. Flat Shading
(Shade each triangle)
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2. Gouraud Shading
(Shade each vertex)
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3. Phong Shading

(Shade each pixel)
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Shading Comparisons
(Face, Vertex, Pixel)
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Shading Comparisons
(Face, Vertex, Pixel)

Shading freq.: Face Vertex Pixel
Shading type :  Flat Gouraud Phong
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Application Program Interfaces
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* OpenGL: FmmER, B¥a5

« DirectX3D: Microsoft Windowsi#{EZ & 1 34517

* Vulkan: next generation of OpenGL
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Tessellation shader
Vertex buffer [ Vertex shader ] [ Assembly ] Geometry shader
* Positions
* Attributes (color, normal-)
00 000
gl_Position gl_Position
Varying Varying
variables variables
N RER BREITE Viewport
HiE XEH FEETHR. 51 Clipping N
BEIMRERITE Culling o000 gl_Position
Uniform variables Varying variables
* P,V, M matrices
[ Frame buffer ] [ Fragment shader ] [ Rasterization ]
Colored
Fragments Fragments
EEEN ENEN
Screen color VanJing
variables
Tests and Blending =BOEHE
* Color buffer . . (blending ratio)
+ Depth buffer Uniform variables
* Stencil buffer * Texture

*  Multisample

* Anti-aliasing

* Alpha blending
* Fog



Fragment

(or sample) >

from
Rasterization

Fragment Shader

Frag. Shade
or Fixed
Function
Shading

Blending

Framebuffer

SRGB
Conversion
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Occlusion
Query (*)

Dithering
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Coverage
Operations

Alpha
Test
(rRGER only)

Framebuffer

Logicop

Framebuffer

Additional
Multisample
Fragment
Operations

Write To
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« ZERMESTERE (multisample fragment operations)
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» AREMK (depth test)
« R (blending)
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* M ACPURIFRIVESEE TR EUAH E X EU3E
* GLubyte my texels[512][512];
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- HHEER
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* glEnable (GL TEXTURE 2D);
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* glTexImage2D (target, level, components,w, h,border, format, type,
texels);

target: ZEERYEAE!, fI40: GL_TEXTURE_2D
level : H mipmapping (FBEITIE)
components : HFPNYIETTEN D E=EL
w,h:texelsRUBREABMNNTEESSE
border: BFEAIE (FEETTR)
format5type: {HIASIEITTR
texels:{5ESIE TR INANIEET

* glTexImage2D (GL TEXTURE 2D,0,3,512,512,0,GL RGB,GL UNSIGNED
BYTE, my texels);
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* glBegin (GL POLYGON)
glColor3f(r0,g0,bl);
glNormal3f (u0,v0,wO0) ;
glTexCoord2f (s0,t0) ;
glVertex3f (x0,vy0,z0);
glColor3f(rl,gl,bl);
glNormal3f (ul,vl,wl);
glTexCoord2f (sl1,tl);
glVertex3f (x1,vyl,zl);
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glEnd () ;
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glTexParameteri (GL TEXTURE 2D,GL TEXTURE WRAP S,GL CLAMP)

glTexParameteri (GL TEXTURE 2D,GL TEXTURE WRAP T,GL REPEAT)




SN R
- GBS — 5

miZQ%ﬁ%QﬁTﬂm&ﬂi%mmwaﬁ%Mﬂﬁ B ANFESIERNFE
HE %

* FThR AR OpenGLIZ M T IR X & T15E
s FPIENRE—TPER
s WIERNFO URFZSNSAEXTR




mli

Z BT
s BE— U EINE LERE—1L3E
s BIFLIELANREEZ RN AR
« 5. EESIENERKELEHEEYERNEE
o [LETEEL AN ESIE

- ZELEEMTIERE

Fragment——— Texture unit O — = Texture unit 1 —— Texture unit 2 — = Frame Buffer

RREFSES LFEEATTO LYTREATT] SREATT2 Bogg X



M AR &



[4] (™ AR B

 GIBE A T INFREMES, L
s
& !

e 4

height -> normal -> shading

Height Map



;le:/u\ /f

o X B E RYA B T RENLIL AN
s NI B ENESEME BN EFRTHNE

76



el

H L —RBVE

o 1 B2

- (J

Nm Nm

1 B2
.—Ci/_

LIRERBIE

s

/

Ay

J/NEL 5]

1%

M A[E], AP A'T'jl_,

N TXMILE), BAMS
R

o £ %% i E X /AR
SEIRB/NELRY

MItis R EY

A= 2N

—

]

J

HEFHE



ERIPLEN T VA
« O PUB ST AN AR FHITILS]
s NidEEIEA TS @

* iﬁlﬁﬂﬁﬁi‘ij{js(u) U)

- FE— R BAUEE Hn = o2

s Rk EEAE B A, v) (|[du,v)| K 1)

* MAZALFEYERIELA

n' =n+ dunxS, + dvnxS,

-+ .

78



79









82




TTE A
EETRSRE
s HRTHENERTETTE, 3(E
U AL USVEE RN, REMARES, BERRSME
RIS A R SR
c IRIEEX ANEITITE




HAthgE



* Procedural texture
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* solid texture
* Perlin noise




Volumetric Textures

* Volume Rendering
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Learn OpenGL

* https://learnopengl-
cn.github.10/01%20Gettingh20started/06%20Textures/

ORI S EDEFEL

OpenGL

PRt ST BN AR FHAEOpenGLIEMTENLERES, (Immediate mode, thFtREREERELE) , BMEEFLHERARSE. OpenGLATXA
TR SHRAMEERERER, SR EIEHOpenGLINTHTHHENEE, MFASEFSRaTSNTEL. MENE
s 5, WEHRERE, FRETLRETETESMRE, VINEMERRIEDERTIER, BRNEAR, Btk
oo OpenGL3.27H, TS AGHARIT NSRS, FERFFAETEOpenGLAYZ 8=t (Core-profile) Fif{THA, X4
R ERHEE R TR,

IEFRAIFAE

ZEROpenGLARZLAERS, OpenGLIBEZHMERIMAAEL. MHITHEER— M CEFOEME, OpenGLEEi—
MERHEILLE, NEREEHEREESNRENEIE, AMEEETYS, LRNERATUOpenGLIIREFiligis
THREET, AREESTFINER, HREEARREOpenGLANRINEIEIFRY. ICAMERREREREEE
OpenGUIIERASE, TRt AR rESHREE, TetcsE, ERENRaLERANIRREIARE.

XERAHARIISIEEROpenGL3 3z E. BALFEER, BiXHBH2EEN.

oG, EmmALI0penGLEEET (SIFTEIMEA/H4.5) | (FRIREEIE): BEAROpenGL 45 SIHRT, AtAR(IFE

%30penGL 3.3? EE{RHER, FFEOpenGLATERIMEARRES 3MERME, SIANTEININEE, FHRENaNR05RMN,

MEARES AT EERNEREARNSNE SRR, B, FAEESIEAENROpenGURAEEHRR—
. LIFRRNES, (MLURHERREEBETOpenGLATTIHE,

LEFEMIRANOpenGLSERY, REH—UNT-FHEESTSHTIREES. RUEHHTLAXSERREETIRE
MRZABIOpenGLIRSTERF:, FRURBHAIEAMRAGIHE

TEEAHERFLERENAASE, BEFSLIHIRER SRR,

=

OpenGLE—ARFHEREM E(Extension)f¥3Tly, S—MEFLERE—TIMStEEER LA, BHELU RN

HAAERNFER, MR—MEFESXAY RNEF LET, FREILERR N R — LS EREn
B2, WM, FREFLSEFNINOpenGUIGEELY, MallEMiuTsiasity, AREEENE TR
FEEXRBI R, B, SN RIENRTREIFNEREINE, SHREMAASEN0penGLATEN—E5.

EERIOREASE FEIT:
if(GL_ARB_extension_name)

{EFOpenGL3. 38, HINVROREERT RERAASHIIEE, LRENEHE, FRIRGRIELAET,
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