OpenGL Texturing

i OpenGLAA 274 93 ing)& 9183 §7
Texture Mapping 2 OpenGLell M 512271 W (texture mapping) & 1

glEnable(GL_TEXTURE_2D)
o A W (39, e ) o)

glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT)
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT)
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER,

GL_LINEAR)
391190 glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER,
GL_LINEAR)
2009\ 8}7] glTexImage?D(GL_TEXTURE_2D, 0, GL_RGB, width, height, 0, GL_RGB,
GL_UNSIGNED_BYTE, imageData)
5/ 2557/4 2009 » B3 F 3 (texture coordinates) <] 7
2l glTexCoord?2f£(0, 0);
glVertex3f(-1.0, -1.0, 0.0);
glTexCoord?2f(1, 0);
glVertex3£(1.0, -1.0, 0.0);
OpenGL Texture Names glTexImage2D
o BlAx]9 o] & (name) 2] A 5} 7] (texturelD) O glTexImage2D(GLenum target, GLint level, GLint
GLuint texturelD; internalFormat, GLsizei width, GLsizei height, GLint
elGenTextures(l, &texturelD); border, GLenum format, GLenum type, const GLvoid
7 7 * . .
glBindTexture(GL_TEXTURE_2D, texturelD); pixels);

m target: GL_TEXTURE_2D
= level: Y24 Wi o] b3 = A Hsh7] H8l AA.
17he] s At 12 A7,
% % (mipmapping)°ll A&
glBindTexture(GL_TEXTURE_2D, texturelD); 2t Bl 2 S8 U o] 718 7R AL gl oM A& AR S
v 0o A4
= internalFormat: & W+% © & format?} . RGBEHH 3, RGBAZHA
4% A7
= width, height: 8] 22 ] o] 1] %] o] 1 n] ¢} 3z0]:= 29 A} 0 = oo}
3k (5,2, 4,8,16,32, 64,128, 256, 512, etc)
= border: ¥] %] 8] A Y& A 4. BF 00] 3L o] n] %] d]o]E 7}k
borderE 7F4| 3L QO H 12 A 4.
type: B] 24 ofn] x| tlo] ¥ o] 45 A,

glTexImage2D(...);
glBindTexture(GL_TEXTURE_2D, 0);




glTexImagelD

O glTexImagelD(GLenum target, GLint level, GLint
internalFormat, GLsizei width, GLint border, GLenum
format, GLenum type, const GLvoid *pixels);

0 glTexmage2D() 3+ 2aHY g2 o|n| x| & A ostal
ngexImagelD()?}-’FE 129 "] olu| A& Aol gt}
glTexImagelD() &<} glTexImage2D() &< /\}gmq_‘j 7}
A=}e] ofm = 74 o] sd3tH glTeximage2D() & ol vk
o] m] %] 8] 2~ 4] o] height(iO]) o)z} 7} 27} = ),

glTexSubImage2D

0o 8 2% 2717} 29 59 (e.g., 64x64, 128x256, ..) 7t o} 77
€27 o] u] A 9] et 9]0} 5 o) AFE 2

O glTexSublmage2D(GLenum target, GLint level, GLint
xoffset, GLint yoffset, GLsizei width, GLsizei height,
GLenum format, GLenum type, const GLvoid *pixels);

OpenGL Texture Coordinates

o g2 ysgo] Abg-H e AAol gl 233 S Aol sfof
Elass

0 GLUT teapot> B 2~%] 235 skl gt

0 GLU quadrics™= § 23 X & Ao 2 o3t 4= i)

» gluQuadricTexture(quadric, GL_TRUE) & A}-&-3}o] B 2= 93
A3}

OpenGL Texture Coordinates

0 OpenGLoI| A Bl 23] H 3 &= bl 2~ o|u] x| 9] 7} W&k (S,
T)¢] 07E 19 Iz A+

0 OpenGLol A 2t A E = bl 2~ 31 & #| g alof 3t

o A3 ¥ g AA Y ol BAkE o] U

t (2.5,5.0,0.0)
01) ;

(0.0,0.0,0.0),

(0,0) 0 s

Texture space

Objectspace  \(3.0,2.0,0.0)




O o= gle.
}-8-oll uhe}A], o] m] =] 7}

glBegin(GL_QUADS);
glTexCoord?2i(0,0);
glVertex3£(-1.0, -1.0, 0.0);
glTexCoord?2i(1,0);
glVertex3£(1.0, -1.0, 0.0);
glTexCoord?2i(1,1);
glVertex3f(x1, y1, 0.0);
glTexCoord?2i(0,1);
glVertex3£(x0, y0, 0.0);

glEnd();

0 OpenGLel A Bl 2~4 2327} [0, 119 o= Hold 450
texture wrapping™H & = 7 €] 3}: Repeat, Clamp

o AFZH ol 470 ] Bl A A EZ (0,0, (0,3.5), (3.5,0), (3.5,3.5)
= 23

Wi

Clamp Repeat &Clamp

0 Mipmap-> ©] %l mipmap U H| ¢} %o Ayt =17] 4]
g 23 7} Zrold 45, nrh e gl Alo] g ¥ Al
2 g5 oFsl B 2 GL_NEARESTY GL_LINEAR Z ] 7} A -3}
AMARE HEA FS 5 A5 webA AATE A 9
82~ 2] 7} flickering 3} Al LEFE = 912
U2 ol 9 flickeringit- Al & =015 4 . Lo Wbz o=

smskA B

=

GL_LINEAR GL_LINEAR_MIPMAP_LINEAR

] WS 95k Ty v
74 L H (nearest neighbor filter)
GL_NEAREST

©] 4% Z ¥ (bilinear interpolation filter)
GL_LINEAR

2H43% Y (trilinear interpolation filter) - mipmap filter
GL_LINEAR_MIPMAP_LINEAR

3 A (hybrid filter)

GL_NEAREST_MIPMAP_LINEAR

GL_LINEAR_MIPMAP_NEAREST

GL_NEAREST_MIPMAP_NEAREST




OpenGL Texture Filtering

O glTexParameter{if}v(GLenum target, GLenum pname,
TYPE *param);
= GL_TEXTURE_WRAP_S, GL_TEXTURE_WRAP_T
GL_CLAMP, GL_REPEAT

GL_TEXTURE_MAG_FILTER
GL_NEAREST, GL_LINEAR

GL_TEXTURE_MIN_FILTER
GL_NEAREST, GL._LINEAR (Mipmap-< A}-8-3H4] ¢ 7 $-)
GL_NEAREST_MIPMAP_NEAREST,
GL_NEAREST_MIPMAP_LINEAR,

GL_LINEAR_MIPMAP_NEAREST,
GL_NEAREST_MIPMAP_NEAREST

GL_TEXTURE_BORDER_COLOR
[0.0,1.0]% = 2| 2t

= GL_TEXTURE_PRIORITY

0&E=

Texture Environment Parameters

O ngexEnV{fi}[V]g..)% ALg-ste] Bl 2~x) 9] A (C, A 37_4— _?}‘J_ZH
st 2 AW o] A (C, A)S oAYA =3 A
/}_;1 =] &)
o u
s GL_TEXTURE_ENV_MODE®?] 2=
GL_MODULATE: €]~ o] A A 2.3} &
FFo=H B2 PRglol B3 & 5
GL_DECAL: g]2=% o] Mo] A o] A& k3] 474
GL_BLEND: 87 A 3} &4 3}
GL_REPLACE: 8]~ % Aut A}8-3}
o GL_BLEND9] 43 4 GL_TEXTURE_ENV_COLORZC. &
A
GLfloat blendcolor[] = {0.0, 1.0, 0.0, 0.5};

glTexEnviv(GL_TEXTURE_ENV, GL_TEXTURE_ENV_COLOR,
blendcolor);

Texture Environment Parameters

OpenGL Texture Transformations

im. Exmai LLREPLACE CLAMCDULATE
Gl ALIPHA o=y, A Ha [ g, M Ay
. CLLLIRSANTE . =Ly, A= My i iy, o Ls
GLLURIRANCE ALPHA || O = L, 4 = & e Dl A= Asds
GLIMTENSITY =T, A= i Cade, A = Mgl
Gl KOG =0y, A= Ap =0l A= Ay
. GLRGEA " O Uy, A = A | LAESE ST T T ¢
imk. fsitnml Gl DECAL GLBLEMD
[ Gl ALPHA I uncke fineal | il A=Ay
GL_LURIRANCE ursclafined i Lod b Lol A = Ay

| GLLUMIMAMNCE ALPHA || ek vl
| GLINTENSITY || wrschkefined

L RGE C=Chn A=Ay €7 = ] — )+ e, A = Ay

GG, O Ol = Ay | ey, A o= A | O = Ol = D) 1 Cel, A= Ay

o H2A] 2ge) Wk
w 7]k A ] Aol WRkshRo] ¥4 3t o] (translation),
3] A (rotate), 7.7] ¥ 3 (scaling) S 283
= glMatrixMode(GL_TEXTURE)& A}-&-3}o] A i o] o}l Bl 2~
sl W3k A 83hS A A3

glMatrixMode(GL_TEXTURE);
glLoadldentity/();

glTranslatef(0.1, 0.05, 0);
glRotatef(30.0, 0, 0, 1);
glMatrixMode(GL_MODELVIEW);
// geometry with texture coordinates




OpenGL Texture Transformations

o B2 Z3e] W3l

w H2x] Fgol] 27| WM (scaling) S 48w EA = gk
A7) A S-S sfofst

flo

glMatrixMode(GL_TEXTURE);
glLoadlIdentity();

glScalef(size, 1, 1);
glMatrixMode(GL_MODELVIEW);
glScalef(size, 1, 1);

// geometry with texture coordinates

OpenGL Texture Movies

o 824 o] "] %] sequenced ©]-&3}< flipbook off 1] =] o]
zﬂ 2}
= initTexture()$Holl A A A B2 o|n| A & ¢]o] &4
= idle() &l Al currentTextureIDE update?t
m drawTexture() Frol e Sds AR T Al Ax] AT
glBindTexture(GL_TEXTURE_ 2D currentTexturelD); & A}-8-3}
Pt A blndlng -olymold aiE =

imagel image2 image3 image4 image5 image6

OpenGL Compressed Textures

m] glCompressedTexImageZDARB%— AFE3ho] ¢F=3)
A E AT = 9l

T X T
« u]9] tpo]e] RGB 7S 744l 2k A A R b
H e ARR RS Folal W] 1Y S S

m glCompressedTexImage2DARB(GL_TEXTURE_2D, 0, format,
width, height, 0, size, imageBuffer);

OpenGL Texture Coordinate Generation

O OpenGLA| A& & 22 R E A5 2 o7 YA 5 9lS
m S THSo R Az HE A=W L A 3)sfoF &
glEnable(GL_TEXTURE_GEN_S), glEnable(GL_TEXTURE_GEN_T)
= GL_TEXTURE_GEN_MODE 2=
GL_OBJECT_LINEAR, GL_EYE_LINEAR, GL_SPHERE_MAP
= ¥ (plane)& A Qs of o - W o 2R E 9| Ao S &
2/ = xg /H

glTexGenfv(GL_S, GL_OBJECT_PLANE, planeCoefficients)

planeCoefficients ={1,0,0,0 };

glTexGeni(GL_S, GL_TEXTURE_GEN_MODE, GL_OBJECT_LINEAR) ;
glTexGenfv(GL_S, GL_OBJECT_PLANE, planeCoefficients);
glEnable(GL_TEXTURE_GENL_S) ;

glBegin(GL_QUADS) ;

glVertex3f(-3.25, -1, 0); glVertex3f(-1.25, -1, 0) ;

glVertex3f(-1.25, 1, 0); glVertex3f(-3.25, 1, 0) ;

glEnd() ;




OpenGL Sphere Mapping

0 OpenGLel A= 7% W3 (sphere mapping) A
o 73 WM e A Z T view WE 7} T o] WA wE o
HR}Q reﬂectlon A E 2 AL,
o LAPIE S 2319) €A SHEE WS Ao] ks 3ol
AT E o2 Talo] b5,

. :1311/} A oA & 8= Alo] ol ¥+ (360%=2] FHE S
OlﬂleOElOlﬂé}) 0} W gtz o AT FE=
o}ﬂb‘r U FFS ol &t A fhe A=

glTexGeni(GL_S, GL_TEXTURE_GEN_MODE, GL_SPHERE_MAP) ; Thjetin.
glTexGeni(GL_T, GL_TEXTURE GEN.E, GL_SPHERE_MAP) ;""" i'[

glEnable(GL_TEXTURE_GEN_S) ;
glEnable(GL_TEXTURE_GEN_T) ;

Ik imadisle -
m

OpenGL Box Mapping

O OpenGLel A= 1A W3 (box mapping) A
w A -2 9EAL W (reflection mapping) €] O]—UrO]
w1y QPR A S 32k YA B3RS AESfoF &

o Wb E A B Ee A Qi e 6w 2749 B

o7

glTexGeni(GL_S, GL_TEXTURE_GEN_MODE, GL_REFLECTION_MAP) ;
glTexGeni(GL_T, GL_TEXTURE_GEN_MODE, GL_REFLECTION_MAP) ;
glTexGeni(GL_R, GL_TEXTURE_GEN_MODE, GL_REFLECTION_MAP) ;

glEnable(GL_TEXTURE_GEN_S) ; x 3
glEnable(GL_TEXTURE_GEN_T) ; Val i
glEnable(GL_TEXTURE_GEN_R) ; y i \‘- ,‘f
glEnable(GL_TEXTURE_CUBE_MAP); xl-,'xﬁ 4 - Rellecir b

Multitexturing

o ‘HE 824 (Multitexturing)
o Sholgel B aAE AR e A e A ALY LS Bl A5

O OpenGL 1.2.1 revision (ARB_multitexture extension)

Incoming Resulting
Fragment Color
Color

Texture 0 Texture 1
Color Color

Multitexturing

O Single-Pass vs. Multi-Pass Multitexturing
p AF Ao gAYy e e Ay v~ o}oﬂ/\q A=
0131 N el A
s U i gs gAY Sl o oy vty A&
ofg] W Ay st A
o Zto] E =8 (Light Mapping)
= w A B S AAkels thal Bl a9 21 Aake &9tk
Ao 7G-S A5 EA4 Hell 43 (e.g. Quake 5 A




Single-Pass Multitexturing

Single-Pass Multitexturing

o 2 A & 2
#include <GL/ glext.h>

PENGLACTIVETEXTUREARBPROC glActiveTextureARB = NULL;

PFNGLMULTITEXCOORD2FARBPROC glMultiTexCoord2fARB = NULL;
PFNGLCLIENTACTIVETEXTUREARBPROC glClientActiveTextureARB = NULL

o 4 A9 o B 3l 9 4 £ 4
char *ext = (char*) glGetString(GL_EXTENSIONS);
if(strstr(ext, "GL_ARB_multitexture") == NULL) {
printf("GL_ARB_multitexture extension was not found\n");
return;
} else {
glActiveTextureARB = (PFNGLCLIENTACTIVETEXTUREARBPROC)
wglGetProcAddress("glActiveTextureARB");
glMultiTexCoord2fARB = (PFNGLMULTITEXCOORD2FARBPROC)
wglGetProcAddress("glMultiTexCoord2fARB");
if(!glActiveTextureARB | | !gIMultiTexCoord2fARB) {
printf("One or more GL_ARB_multitexture functions were not found\n");
return;
}
}

Single-Pass Multitexturing

Single-Pass Multitexturing

O glActiveTextureARB (texture);
m fexture is GL_TEXTUREn_ARB
® GL_TEXTURE#n_ARB == GL_TEXTUREO_ARB+n
m n=0. numTextureUnits - 1, maximum 32

O query number of texture units:
= glGetIntegerv(GL_NUMBER_OF_TEXTURE_UNITS_ARB,
&numTextureUnits);

O Bind and enable two 2D multitextures

// stage 0
glActiveTextureARB(GL_TEXTUREO_ARB);

glBindTexture(GL_TEXTURE_2D, tex0);

glEnable(GL_TEXTURE_2D);

// stagel

glActiveTextureARB(GL_TEXTURE1_ARB);
glBindTexture(GL_TEXTURE_2D, tex1);

glEnable(GL_TEXTURE_2D);

// set texture environment

glTexEnvi(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_ADD);




Single-Pass Multitexturing

O glMultiTexCoord2fvARB(texture, ...);

Vv: indicates vector format, if present

number of components: 1,2,4

m texture is GL_TEXTUREn_ARB

Single-Pass Multitexturing

(1)

o HEE A ALY AU E

glBegin(GL_QUADS); (-1-1
glMultiTexCoord2fARB( GL_TEXTURE(O_ARB, 0.0f, 0.0f );
glMultiTexCoord2fARB( GL_TEXTURE1_ARB, 0.0f, 0.0f );
glVertex3£(-1.0f, -1.0f, 0.0f);

glMultiTexCoord2fARB( GL_TEXTURE(O_ARB, 1.0f, 0.0f );
gIMultiTexCoord2fARB( GL_TEXTURE1_ARB, 1.0f, 0.0f );
glVertex3£(1.0f, -1.0f, 0.0f);

gIMultiTexCoord2fARB( GL_TEXTURE(O_ARB, 1.0f, 1.0f );
gIMultiTexCoord2fARB( GL_TEXTURE1_ARB, 1.0f, 1.0f );
glVertex3£(1.0f, 1.0f, 0.0f);

glMultiTexCoord2fARB( GL_TEXTUREO_ARB, 0.0f, 1.0f );
glMultiTexCoord2fARB( GL_TEXTURE1_ARB, 0.0f, 1.0f );
glVertex3£(-1.0f, 1.0f, 0.0f);

glEnd();

0,0)

Single-Pass Multitexturing

O glClientActiveTexture ARB(texture);
m Client state analog to glActiveTexture ARB();
= HE| 824 vertex array JEH & A G st A&

O 2 texture coordinate arrays #| 4 3} o
glClientActiveTextureARB(GL_TEXTUREO_ARB);
glTexCoordPointer(2, GL_FLOAT, 0, tex_array_ptr0);
glEnableClientState(GL_TEXTURE_COORD_ARRAY);
glClientActiveTextureARB(GL_TEXTURE1_ARB);
glTexCoordPointer(2, GL_FLOAT, 0, tex_array_ptrl);
glEnableClientState(GL_TEXTURE_COORD_ARRAY);

Billboarding

o HRE 7]

= AP2HE el gRio] Gg Ahlee] PR Fohol vt E S W
% H,

=

102, ATFA O % A @b of 1 W ake] A e} Rolw Abzhel

2eWE HAFA 2

2, 5E A9 9o s dehl A & o) - 4]
3 £ 3L L ofv]

%

2L &g oo o

5

e

=

o ol o
o
fr
25
o
p‘L
>

RN el
2 J
b

I
i
)
L
1z
i
|
1z

Billboarding

48 %

.
!




Billboarding

o U= 93
n Td AL, s Al H S vlel B =5 Modelview 3 4 S
o] &-3lo] W = ALZHEH & o] F= Vertexg ZA ok &
= Modelview & ol = ¥h2=}o] AR ol th 3k =2 ¥ E] (up
vector) ¢} -9-5 ¥ B (right vector) 8 H.7} 315

Glfloat M[16]; ;
glGetFloatv(GL_MODELVIEW_MATRIX, M); Jgj
Up-vector Look-vector i-;. \155
TN P Up-vecto‘r ‘ '
my;jmy;; Mg; My i
o W
My 1M} Mo} My . / :
1 1 1 = = ! -
m, | imgiimyg my [ ! Right-vector
m; m; my; My / Y

Billboarding

O Axial Symmetry
w WU HE A7} o] vertical axisE T4 &= 3] 4 (rotate) 3l oF &
» Modelview matrix Mol| A §-E] 7}H| 2}9] yaw angleS 7l 4HgF

theta = 180.0f * atan2f(M[8], M[10]) /M_PI;
e ~
Look.x Look.z

» B = ALZHY 9] Rotation matrix R+ arbirary axis (9 §H4]
vector=(0, 1, 0)) 7} angle (7} 2} yaw angle®] W)= A4

R=Icosf+Symmetri¢l —cosd)+Skew sind
& +cosd(1-a’) aa (l-cosd)—a_sind a.a.(l-cosd)+a,sind
=|a,a,(1-cosf)+asind  a +cosl-a.)  a,a.(l-cosd)—a,sind
a,a.(1-cosf)—a,sind aa.(1-cost)+asind  a +cos(l-a’)

Point Sprites

0 Point Sprites©] ¥ st=¢ o] 7]wte] IR = 7]H 0 7 ALg-
o| =4 1} €] F Al 28l (Particle System)ol| A th==2] Y A}
(Particle)= ® 2~4 AFZHS v 5] (Quad) th4! A (Point) &
Aol A 43

O OpenGL extension (GL_ARB_point_parameters &
GL_ARB_point_sprite)

Point Sprites

o A sy e
#include <GL/ glext.h>

PFNGLPOINTPARAMETERFARBPROC  glPointParameterfARB = NULL;
PFNGLPOINTPARAMETERFVARBPROC  glPointParameterfvARB = NULL;




Point Sprites

Point Sprites

o 4 A9 o] R el W g4 EeE A4

char *ext = (char*) glGetString(GL_EXTENSIONS);
if(strstr(ext, "GL_ARB_point_parameters") == NULL) {
printf("GL_ARB_point_parameters extension was not found\n");
return;
} else {
glPointParameterf ARB = (PFNGLPOINTPARAMETERFARBPROC)
wglGetProcAddress("glPointParameterf ARB");
glPointParameterfvARB = (PENGLMULTITEXCOORD2FARBPROC)
wglGetProcAddress(" glPointParameterfvARB ");
if(! glPointParameterfARB | | ! glPointParameterfvARB ) {
printf("One or more GL_ARB_point_parameters were not found\n");
return;
}
}

O glPointParameterf[v]ARB (GLenum pname, GLfloat param)
m GL_POINT_SIZE_MIN_ARB (default: 0.0)
m GL_POINT_SIZE_MAX_ARB
m GL_POINT_FADE_THRESHOLD_SIZE_ARB (default: 1.0)
m GL_POINT_DISTANCE_ATTENUATION_ARB (default: 0, 0, 0)

O Point sprite .= texture coordinateS #| 4 3} 3L enable &
= glTexEnvf(GL_POINT_SPRITE_ARB, GL_COORD_REPLACE_ARI
GL_TRUE);
= glEnable(GL_POINT_SPRITE_ARB);

Point Sprites

Reference

O Point & dH &

// enable point sprites...
glEnable(GL_POINT_SPRITE_ARB);

glBegin(GL_POINTS);

for (inti=0; i < MAX_PARTICLES; ++i) {
glColor4f(g_particles[i].col[0], g_particles[i].col[1], g_particles[i].col[2], 1.0f);
glVertex3fv(g_particles[i].pos);

}
glEnd();

// disable point sprites
glDisable( GL_POINT_SPRITE_ARB);

O OpenGL Billboarding Tutorial
http:/ /www lighthouse3d.com/opengl/billboarding
o SIGGRAPH'97 Advanced OpenGL Programs

http:/ /www.opengl.org/resources/code/samples/advanced/adva
nced97/programs/ programs.html

O OpenGL Point Sprites
http:/ /www.informit.com/articles/article.aspx?p=770639&seqNu
m=7

O Particle Systems http:/ /www.gamedev.net/




