Buffer, Image, and
Texture Mapping

OpenGL Frame Buffer

o A 3 (Color buffers)
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O % M3 (Accumulation buffer

1 W3 (Front buffer)
% B9 (Back buffer)

H % M3 (Auxiliary buffer)
L@ e]¥ (Overlay plane)
o] H3 (Depth buffer)

stencil buffer

= High resolution buffer

o 2'l4 ¥ 3 (Stencil buffe

accumulation buffer

overlay planes

auxiliary buffers
color indices

depth buffer
m back buffer
front buffer

= Holds masks

Images

oln x| vlo|H &= Tt | A FE] ¢lo] Fol A A A
% ]-x%o] ]U]X] E].o] Sitﬂ].

m JPEG, TIFF, PNG, GIF, RGB, EPS, BMP, etc

o|m| x| £l

m Color channel: greyscale, RGB, RGBA

= Bit resolution

a
a

= Compression: <=4 7-3.3} (lossy coding), <=4 -3} (lossless

coding)

COIN3D simage

O http:/ /www.coin3d.org/lib/simage
o COINB3D simage library 7} A &-8F+= o] w] %] 3} 325l
= JPEG, TIFF, PNG, PIC, TGA, EPS, GIF, RGB, etc
0 COIN3D®| simage library & AF&-3}2 ¥, 22 A E
additional library and include directory & 5~ 7}3l oF gt}
m Project -> Properties(ALT+F7) -> Configuration Properties ->
C/C++ -> General | Additional Include Directories®l .\ simage &
(SRS
S 1=
m Project -> Properties(ALT+F7) -> Configuration Properties ->
C/C++ -> Preprocessorl| Preprocessor Definitions
ol SIMAGE_DLLE ¥ &
= Project -> Propert1es(ALT+F7) -> Configuration Properties - > Linker
-> General©l] Additional Library Directories®] .\simage& ¥ &
= Project -> Properties(ALT+F7) -> Configuration Properties - >

O U=

Linker -> Input®ll Additional Dependencies®l| simagel.lib< ¥ &




COIN3D simage Example

OpenGL Images

unsigned char *imgPtr;
unsigned char *imageData;
unsigned char *rescaledImageData;
int imageWidth = 0, imageHeight = 0, numComponents = 0;
imageData = simage_read_image (filename, &imageWidth,
&imageHeight, &numComponents); // read
GLsizei xdim2,ydim2; // WEeF o|u x| 77} 29] 5427} o}, resize
GLenum type;
xdim2 =1;
while (xdim2 <= imageWidth)
xdim2 *= 2;
xdim2 /= 2;
ydim2 =1;
while (ydim2 <= imageHeight)
ydim2 *=2;
ydim2 /=2;
if ((imageWidth != xdim2) | | (imageHeight != ydim2)) {
rescaledlmageData = simage_resize(imageData, imageWidth, imageHeight,
numComponents, xdim2, ydim2);
imgPtr = rescaledImageData;
1 else
imgPtr = imageData;

O glDrawPixels& AF&-3to] st e ol m| A& 18 & &
glDrawPixels(GLsizei width, GLsizei height, GLenum format,
GLenum type, GLvoid* image)
w ZA ol B & A9 raster 912 o A F-E Al &Sk Y H] (width),
3=0] (height) & 2t AHZEd Aol 19
= width, height: ©] 7| #] ZL7] (in pixel)
m format:
GL_RGB: RGB ©] 7] #|
GL_RGBA: RGBA ©|n| A (&5l d Z3})
GL_BGR_EXT: BGR ©] "] #]
GL_LUMINANCE: &1 o]u] %]
=2 GL_RGBY GL_BGR_EXT%& A}-§-3. GL_BGR_EXT+ windows 2]
24-bit H] E o] A vt 2] ¢ 8} =d] GL_RGBXE.T} &4 w2 7] 23]+,
= type: 24 dlo]E ] A} 3. B '§ GL_UNSIGNED_BYTEE AH-&-§
= image: ©| "] %] vlo]E v g

OpenGL Images

OpenGL Images

O glReadPixels& AF-&-3}o] 317 images ¢1°1 &%
glReadPixels(GLint x, GLint y, GLsizei width, GLsizei height,
GLenum format, GLenum type, GLvoid* image);

» A A9 raster YA S F-A| 1L ¢} 7] 951e] o]n]#] 9] 12 ol g
(bottom-left)oll T gt F-EE (view port) FH3EA] g o] &

w TS W (Fe ¥y, Zlo] W, 2dld W) A 1% ol &
(x, y) FEZ A Fske] U] (width), 0] (height) & 2=
RECEREEEEEE DIEERERE FEER

= image °ll = 4 4 ¢t width * height * 3 (RGB) vl & ol A7

m format-= A Ho]E 49 S A4

Z

0 glCopyPixelsE AF-8-39] 317 2] imageS 2191 4]
LA o] AA e AR FAL
glCopyPixels(GLint x, GLint y, GLsizei width, GLsizei height,
GLenum type);
w 2o Q) v (e vy, Zlo] vy, 2ElA W H)oll A 2% ol &
(x, y) FEZ A Z3slo] Y] (width), %] (height) S 2t
AL 2 1ol B
» EALE = 9] 2] = glRasterPos() &8 AH8- S ol 71 thsol
T4 A2 AR A gl oo AR D 7 9 oAl
AAE 5 DE
o SAbE ) A8 A Al ¥ 2 4457 9190 typee] A§-E.
GL_COLOR, GL_STENCIL, ¥+ GL_DEPTHS. & A3 + 3l &




Texture Mapping

.L\ \ : - =
Flat shading

ARG
Smooth shading Texture mapping

The Limits of Geometric Modeling

o 7]stehs REld
B AT 1Y A= 29100090 EE 28 AnHE
ok std s 5, 2, Ad, 271 (skin)5 3 2
MA ) A4S 718184 gl 52 BdEslo] A g str] ¢l
T2 7t
o =% g
m 22k S A el Y43
m AStE 42 tf2tE 8 ALE-S) of sl A A A el 3loj A
Hl a4 A2 F=7) H] g0 2 ol x| o] ARA A& ATd] = 4
J=71HY.

Three Types of Mapping

o 824 W3 (Texture Mapping)

w oH A& ARE-8lo] tH2HE (polygon) €] v ol e .
o $7% W3 (Environment/Reflection mapping)
&g olvA7F A Ed w2 el 2 .
HEALHY (reflection map) B=+= 3474 ¥ (environmental map)<-
WAL S S A ohA] ok B —er—q. ol o) gk - wko =
R (hlghly specular surface)S H5 7 Sl

*8 (Bump mapping)

o 2 Al HA W E (normals)E A7 2 A 2 @A
1oko /\g}d.

Texture Mapping

geometric model texture mapped




Environment Mapping

Bump Mapping

Texture Mapping

o AW 2244 ©H 9 B
» 32 ") 7] 8} (surface parameterization) ¥} %
823 o] A& A ojW A 4 E Z17}?
A9 7k Aol g E] = v aA] oju x| 9] 2xvFd et
(X Yor 20) => (X ¥
SPERT RS

718 &2 = A o) ZF A} Fof spol A o] x| zke] iy wAE AA.

o Yor 20) => (X )
n Y AE JA

ZF 7SR AL R E = B S Fol T 34
w g A AL A

7} gholl M 23] B s A Mo AajFe A

7t st E Bk Hole gl ojn x| 9] g oA ALEE AT}
2

ARt Bl x Ao S Ao el Ay} o9 &9 A1y

2D Texture Mapping

o B2 P2 234919 o] v X Z 3xkgle] TR WY
o WE3~q 7o AEA WY A S LHE Ao ol Ba g

e

2D image

3D surface




Coordinate Systems

Texture Mapping

O Parametric coordinates
= 2737} 2 (curves & surfaces) AT of] AF&-3h= w7 W4 E
23 (u, v)
O Texture coordinates
w B2 o] XA A S el ARk Bl A 23 (s, t)
O Object or World Coordinates
w BT S A EAE Vmshe AA A e A A
(x,y,2)
o Window Coordinates
n HFA o A7 P E = A9 FHEA (x, v,

Parametric coordinates

3

Texture coordinates ) )
Window coordinates

World coordinates

Mapping Functions

Backward Mapping

o B A ate] TAA w el mfd 2 A
w HaA e 8 Zr g of s A A AR S 2 H-E
2708k S <
w o] HjE o 8 AEE YA (texture element = texel) 0] 2} F-&
o B2 Bl A wHel @ gew PRa g
w B F3E:T(s, t)
» A FH3E:P(x,y, z)

x = X(s,t)

y=y(sb)
z = z(s,t)

o B3 919 4 (x,y, )] FAL ], ol $5h 8 a5
HEE o WA 22 AR

o 94 T(s, t
s =5(x,y,z)
t=t(x,y,z)




Two-part mapping

o W3 ZA ¢ & ¥ : Two-part mapping
w g E W Z1 “-(sphere), ¥ 715 (cylinder), 91 <} 2
ek 3k wis A FHe] " E g

o oA Al: ¥71% (cylinder) o= 73

rlo

Cylindrical Mapping

o "7 718 9 (parametric cylinder)

X =TCos2nu u: (0,1)
y=rsin2nu v: (0,1)
z= V/h

=u
t=v
O 18] a1, 8%

Spherical Map

o "7 - 3H (parametric sphere)
X =T COS 21u
y =1 sin 2ru cos 2nv
z =r sin 21tu sin 2nv

27)%5 gHp ol m5sh e o) ol Bl Ao

w3 5k 7] 9 5] A} o] 013_311101 g3
= " 27}E 2 (Mercator) T4 2] 45, & = (pole)oll 7} &

Box Mapping

o 7FeHsk 23 £ (simple orthographic projection) @}
ARG-3t7] ol A F/] B
O Box mapping- $H7 9 (environmental maps)©l| 4] A}-&%

Back

—m | Left [Bottom| Right | Top

s Front




Second Mapping

Second Mapping

o FHA W3 (second mapping): =7k A (intermediate
object) o] gl ~4 3h-& Y3t ¥ (actual object)ol] -
- F0 ) B o R RE o] WA ALE
o A Erow e o] WA AL
o A FA 0z E o) ME] A

actual object intermediate object
Aliasing Area Averaging
o 8249 E AME4 (point sampling) %H -2 o Bl g @A oly tha =9 9 Y (area averaging)

Sz o)
-l
A o}/ Al (aliasing error) & THE T =
= 1 N Z2

EQIE HEY - WA H ool B

miss blue stripes point samples in u,v

t v (or x,y,z) space
L/
././ X.‘/"_ ] —] L &
- -t

point samples in texture space

W= AR 7§
= 9 G -FGoN ] FH oz WY

b X

preimage

= Note: 3429 Holn| =] (preimage)= =AY




Basic Strategy

Texture Mapping

0 A E 918)7] 918 37k w

L E A E A
o)) A2 spelo] A 9} AL 24 A
Ao g
g A~ xe gA] g

0 ZH A HAK JEE T
TRz A %

5 H2A WY RS A%
%8 (wrapping)
LE H (filtering)

display

i 4
z /X
geometry
O Texture coordinates: T(s, t)
m s=1{(x,,2)

r— image = t=g(xy 2)
o Value:
- O R8RS = LUMINANCE, RGB, RGBA

S

OpenGL Texture Example

Texture Mapping in the OpenGL Pipeline

m] q—m of| Al = 256 x 256 ©| P A &
7} (rectangular polygon)?]|
Eﬂ/\x:] uﬂ.ﬂ o]—Oﬂ OJQ_ =3 o:] 5} E%%

E_oq_r_]__ 01_.

Serwen- Spuce view

Texdure-space view

t 256x256

o o] A s} 718k 8Ha AR 7}7] th o] Zehele] A
SREEE ESEEEERESE
= 5, B3e 92 A7) v S ehs 7] seh A o 2

(complexity)oll & F3FS T4 F=

rasterizer

47 ——igeometry pipeline\

oA — pixel pipeline




Specifying a Texture Image in OpenGL

Define Image as a Texture

O 512x512=17] 9] ©] 1] #] imageData ¥ 2~ ©|W| x| &
2 ele] 4] A3t el 2 E 9181 A CPU
w2 e]ol v = A o] o
= GLubyte imageData[512][512];

o oA W0 243
= glEnable(GL_TEXTURE_2D)
= OpenGL<1,2,3,4-2}¢1 8] 2~ P& 2] 3}

O glTexImage2D(target, level, components, width, height,
border, format, type, texels ) ;
= target: ¥~ A E}S), e.g., GL_TEXTURE_2D
= level: mipmapping®l| A AF-&
= components: texel' 8.2~ e.g, RGB
width, height: texel 2] 18] 2} 3% 0] (in pixels)
border: smoothing®ll A}-&
format, type: texel= 74 ©] 3} = Z 7 7} €}
texels: texel ] ol t] 3+ XA E

glTexImage2D(GL_TEXTURE_2D, 0, RGB, imageWidth, imageHeight,
0, GL_RGB, GL_UNSIGNED_BYTE, imageData);

Converting A Texture Image

Mapping a Texture

O OpenGL2 €l 2~%] o|n| 2] Z7]7} 28] 5 (power of 2) =
A =] of o T}
® 64x64, 64x128, 512x512, ...
o ek o] ] A o] 27]7}29] 557k oplH, T 1 Aol A
gluScalelmage & AH&-3to] A7 x2H & 3fjoF 3
m gluScalelmage( format, w_in, h_in, type_in, *data_in, w_out,
h_out, type_out, *data_out );
data_in - 9 o] 1] |
data_out - o] "X A 7|7} 2HH HF o|n| %]
0 37128 A o) v A= AEH 07 Wk WY

o WA Y B A e T3 e

o 7t AAHE glTexCoord*() & AH&-3t] Bl 24 &
]X‘] oH O‘l: foid

(s, 1) = (0.2,0.8)

(0,0) (1,0)s (0.8,0.4)
Texture Space Object Space




Mapping a Texture

o 7t AR A AR A4
glBegin(GL_POLYGON);
glColor3f(r0, g0, b0); / /if no shading used
glNormal3f(u0, v0, w0); // if shading used
glTexCoord2£(s0, t0);
glVertex3f(x0, y0, z0);
glColor3f(r1, g1, bl);
glNormal3f(ul, v1, wl);
glTexCoord2f(s1, t1);
glVertex3f(x1, y1, z1);

glEnd();

O Note: =9 83 FdA7]7] flsto] 4 wid=

A8

Interpolation

2
i—’;

2 23

=3
il

O OpenGL-2 T2+ W5 o
#13 E.1H(interpolation)< ©]-&

ARre7]

e

texture stretched
over trapezoid
showing effects of
bilinear interpolation

good selection
of tex coordinates

poor selection
of tex coordinates

Checkerboard 123 & 412} 8 o] W33 5}7] Checkerboard ] 2~

REREEET

=
=

7]

:

Texture Parameters

0 OpenGLol| A Bl 7} o] WA 2|82 A AA s+
theFgl Q1 2k (parameters) & Al %1?5‘} A+
= 133 (Wrapping) - s, t7} (0, 1)¢] 91 & HAS wll oAE Al s, t
e ol@ A Aa A AA ST 1A CLAMP, REPEAT
= ZH (Filter modes) - LA E MZ= Al 4 FH S

Aot g

= 7 (Mipmapping) - ¥ 224 & o1&} 7] o] |28 A2
o] - = 3}
PAT="1 T.

= 374?17} (Environment parameters) -8 2~ 3] 333 o] -
(shading)#} o1& A A5 283 2] A4l %

Wrapping Mode

0 Clamp: (0,1) H 9 W= ¢t 4 =74
m Woks t7F 1KY AW, 18 AFE-
m Yok, t7F0R T 2F o, 05 AR
O Repeat: (0, 1) "9 & ol Al gholl el &) 24 v
" ost %l AFE
glTexParameteri(GL_TEXTURE_2D,
GL_TEXTURE_WRAP_S, GL_CLAMP)

glTexParameteri(GL_TEXTURE_2D,
GL_TEXTURE_WRAP_T, GL_REPEAT)

]
e
-

GL_REPEAT  GL_CLAMP
texture wrapping wrapping




Magnification and Minification

o £ (Magnification) - texel©] F pixel 2.t}
O 524 (Minification) - texel©] gt pixel .t} 2}
o X1E AMZE (Point sampling)
» A% IEH (linear filtering) - ZJE AMET ol o3l A ¢ €Al 9]
N R R
» H A (nearest) - A @ H7bol| o3l AlMbE gholl 71 717k g A

W AHE

o

il
=2 2

Texture Polygon Texture Polygon
Magnification Minification

Filter Modes

SEPEEERE
m glTexParameteri( target, type, mode )

m glTexParameteri(GL_TEXTURE_2D, GL_TEXURE_MAG_FILTER,
GL_NEAREST);

m glTexParameteri(GL_TEXTURE_2D, GL_TEXURE_MIN_FILTER,
GL_LINEAR);

Mipmapped Textures

|

lo
1Z
P>
2
=
(1A

=

]_

o Y93 Mipmapping) ¥ H 9
(prefiltered texture map)< A4/
o RS e Ao B A U S
o H2A Gl Al AT s A
= glTexImage2D( GL_TEXTURE_*D, level, ...
0 GLU g & 54 A5 0m 529 2719 uai 44
= gluBuild2DMipmaps(GL_TEXTURE_2D, GL_RGSB, 64, 64, GL_RGB,
GL_UNSIGNED_BYTE, imageData)
0 OpenGLel A 24 o] ffig 3} EJE PSS o]-8-3}7]
98 o8 &4 AHE
m glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER,
GL_NEAREST_MIPMAP_NEAREST)

m glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER,
GL_LINEAR_MIPMAP_LINEAR)

i b

ol 1 o i

— g >

o [y
N

30 Y o

oo Hd
2
(i

off

I3

]

=%

lO ol

N

3
B
_/":

Aliasing Example

point
sampling

linear
filtering

mipmapped
point
sampling

mipmapped
linear
filtering




Texture Environment

Perspective Correction Hint

O glTexEnvifi}[v](..) & AF-&3ato] 8l ~H & 51t
R = e R AT

glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, mode);

» GL_TEXTURE_ENV_MODE?®| 2=
GL_MODULATE: §] 3] 2] Al A &3
wEozH Eax YEgle] TEE &
GL_DECAL: 8| =4 o] Ao 22 o] A5 k3] 27
GL_BLEND: %7 2 3} g4 &}
GL_REPLACE: 8]~ %] Alqh A}-g-g}

s GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE,

GL_MODULATE

o F4 ¢ A2 GL_TEXTURE_ENV_COLORC. 2 x| A 3}

o B3 e} A Bk
= OpenGLO A B| =4 gh& 371 918 28 g3tel M A9
HbE AR

o o2t o] A7 (edge)ol A B S FEH A B2, glHint=
Hoph U2 Bibs 84S 5 S
u ngint(GL_PERSPECTIVE_CORRECTION_HINT, hint)
hint: GL_DONT_CARE, GL_NICEST, GL_FASTEST

Generating Texture Coordinates

Texture Objects

0 glTexGen{ifd}[v]() & AH&3to] Bl~A R E A4 o=
e T U=

HH (plane)S A A aloF 3t - W O 2 HE o] Aol npRE &

G2 B3 A

m Bt
GL_OBJECT_LINEAR: B[ A} A ctol] Y45 913
GL_EYE_LINEAR: =4 0 2 &2 o] A ¢ 93]
GL_SPHERE_MAP: 373 W o] 4] A}-&-3F

o o2
o!

Glfloat planes[] = {0.5, 0.0, 0.0, 0.5} // s=x/2 + 2

Glfloat planet[] = {0.0, 0.5, 0.0, 0.5} // t=y/2 + 2

glTexGeni(GL_S, GL_TEXTURE_GEN_MODE, GL_OBJECT_LINEAR);
glTexGeni(GL_T, GL_TEXTURE_GEN_MODE, GL_OBJECT_LINEAR);
glTexGenfv(GL_S, GL_OBJECT_LINEAR, planes);

glTexGenfv(GL_T, GL_OBJECT_LINEAR, planet);

O ¥ 2% = OpenGL state
s U2 2AA vt g2 8232 7053, OpenGLE CPU
R A 8l 2~ W R & ol & Hlo]H & F & ofof g
o # 4l OpenGL2 8 2~%] 71 A (texture objects)E 7}
w G2 A 17 oA
» B 2% w2 (Texture memory)= o] 2] 7] 812~ 22 & 714
S




Environment Mapping

o 37 % (Environment Maps)

o =AE FEAAL S 8 & 0] o] EAlol HhALE = AdtE
AT A5
n 374% FZko] vl F 7H34 T (sphere) == Al (cube) ]

ol&f T ttaL 7F4 8kl Second mappingol A Al
WAL E] 2 A4S - A1 9] Kol e} A& T2 B5S B9l
= Spherical environment mapping - 180% ¢}o] = J= A==
A2 274 o] A 2 7-H spherical map A F Abs Y24 FH i
A= A

Multitexturing

o HE 924 % (Multitexturing)
o S ol o] 8 E Aalo] A Eah A ALY IS ol
3 ——

o 2Fo] E 33 (Light Mapping)
. %iﬂ‘ﬁfﬂ 1715 Aels Al g aA o 2 AdE EFete
A o7 JAarS AA ExH 93




