Buffer, Image, and
Texture Mapping
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OpenGL Frame Buffer

o M HIH (Color buffers)

™ HIH (Front buffer)

S M HI{ (Back buffer)
m HX HIY (Auxiliary buffer)
m QH2|0|H (Overlay plane)

o 710| HIH (Depth buffer)

0 +X& HI{ (Accumulation buffe
m High resolution buffer

o AHA HIH (Stencil buff
= Holds masks

stencil buffer
accumulation buffer
overlay planes
auxiliary buffers
color indices
depth buffer
m back buffer
front buffer

Images

COIN3D simage

0 O|0|X| HlO|E = MU MEE 90 SO|AHL &Y dd
o LEPN QO O|X| Mt = ol

= JPEG, TIFF, PNG, GIF, RGB, EPS, BMP, etc
o O|O|X| &l

m Color channel: greyscale, RGB, RGBA

m Bit resolution

m Compression: &4 235} (lossy coding), &4 253} (lossless
coding)

o http://www.coin3d.org/lib/simage

o COIN3D simage library7t X|&3t= 0|0 K| o o
m JPEG, TIFF, PNG, PIC, TGA, EPS, GIF, RGB, etc

o COIN3D2| simage libraryE AF232{H, T2 M E0f
additional library and include directoryE Z=7}3}Of StLC}.
= Project -> Properties(ALT+F7) -> Configuration Properties ->

C/C++ -> General0 Additional Include Directoriesd WsimageE
g=Ch

= Project -> Properties(ALT+F7) -> Configuration Properties ->
C/C++ -> Preprocessord|| Preprocessor Definitions
off ;SIMAGE_DLLE ¢ =C}.

m Project -> Properties(ALT+F7) -> Configuration Properties -> Linker
-> General0|| Additional Library DirectoriesOf| ¥simageE @=Lt

m Project -> Properties(ALT+F7) -> Configuration Properties - >
Linker -> Input0f Additional Dependencies0f| simagel.lib2 Z=C}.




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, & mageWidth,
&imageHeight, &numComponents); // read
GLsizei xdim2,ydim2; // BEQF O|O|X| A 7|7} 29| £4=7} OFL|H, resize
GlLenum type;
xdim2 = 1;
while (xdim2 <= imageWidth)
xdim2 *= 2;
xdim2 /= 2;
ydim2 = 1;
while (ydim2 <= imageHeight)
ydim2 *= 2;
ydim2 /= 2;
if (imageWidth != xdim2) || (imageHeight != ydim2)) {
rescaledImageData = simage_resize(imageData, imageWidth, imageHeight,
numComponents, xdim2, ydim2);
imgPtr = rescaledImageData;
}  else
imgPtr = imageData;

o glDrawPixels& AFE3SI0 2tHO| O|O[X|E O =+ UZ
glDrawPixels(GLsizei width, GLsizei height, GLenum format, GLenum
type, GLvoid* image)
= DA GO|EE X2l raster Y| X|0| M2 A|ZSHO] HH| (width),
=0| (height) & #= AFZF S0 18
= width, height: 0|0 X| 37| (in pixel)
= format:
GL_RGB: RGB 0|0O|%|
GL_RGBA: RGBA O|O|X| (ot e =gh
GL_BGR_EXT: BGR O|O| X|
GL_LUMINANCE: =44 o|O| X|
Z=2 GL_RGBL} GL_BGR_EXTE A28t GL_BGR_EXT= windows2|
24-bit H{EWO| A2t X| 2SH=0 GL_RGBELH EN =22 MW E.
» type: T HO|E Q| XI2Y. EE GL_UNSIGNED_BYTEE AtE%t
= image: O|0|X| GJO|Ef Hj&

OpenGL Images

OpenGL Images

O glReadPixels& At23t0 3tH imageE A=

glReadPixels(GLint x, GLint y, GLsizei width, GLsizei height, GLenum
format, GLenum type, GLvoid* image);

= YOl raster YIX|E FAISt 817] 2|5t0] O|O|X|Q| 2I% Ofzf
(bottom-left)0f| CHot HEE (view port) ZtHEX|HO| 22

= I QY I (2| B, 0| M, AH4 HIH)o|M 1% of2fE
(x, y) ZHEZ A[XS}0] LHH| (width), 0| (heigh)E 4=
AZFgo 2 8E I HO|HE °'01A1 HE222 7t Z

® image 0= AA$t width * height * 3 (RGB) B E0f MZ&et

= format 2 & HO|H R49| rds 28

m type2 Zt 249| HO|E S HE. glDrawPixelsQ| type
OIX}Q} = EOI

o glCopyPixelsE AF23}0] 3tHO| imageE 20 A
ZoYHE S| AR A AH AKX Z FAL
glCopyPixels(GLint x, GLint y, GLsizei width, GLsizei height,
GLenum type);

= I M (Z2] M, ZO| HI{, AHA )0 A
(x, y) ZHEEZ A|Z310] LHH| (width), 0| (height)& Z=
APZtE o2 BIHO| EAFSH

10 1=
= EAE|E 9IX|E gRasterPos) $+5 ABHES U 1 TS
i SIXIE 2 oIxt ol ofel M & A A

W28 = AS
= SAE I ALSE T YHTHE X|Fot7| 2I8 typeO| AHEE.
GL_COLOR, GL_STENCIL, =& GL_DEPTHS 2 X|H& 4= 9




Texture Mapping

Flat shadin

rd

" Smooth shading Texture mapping

The Limits of Geometric Modeling

o 7|stety nay
= 145 DGATIETE £E 10009710| B2l LYY
7 ULt StEE . 5, =/, XY, 27 (skin)s1t 22
AH/eSS 75t HANSE 2R M2|5h7| A
22|7t Ue.
=]
o BlAX Qi
= 2XPR PAS NN Y BRO QY.
= KNotEl #=o| TS AFEOOF o= A AIZH AT -0 A0
H I §e %7} gz o|0|X|o| AMMHE M| £Y
A Ol = 7|I:HOI
T M H O

Three Types of Mapping

o BlAKX W (Texture Mapping)

O|O|X|& AME3HY] CHZtd (polygon)e| LHE0f 22{3.

W Z& (Environment/Reflection mapping)
Zo|OX|7t A EE &H o 2247,

AL (reflection map) EE= 2HA T (environmental map)2
AEE FHSIX| e M 0| oot Of 2 EHEO|=
(highly specular surface)g 2t= = U S.

| (Bump mapping)
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Texture Mapping

AN HMAHE (normals)E 2 SA[7 MK K|
ZF
E=E

geometric model texture mapped




Environment Mapping

Bump Mapping

Texture Mapping

2D Texture Mapping

o JfEXQl 2XHH AKX WE Y
= ®H™ 04743} (surface parameterization)ut’d
ElAX O|O|X|E EH|0 O{EA L& AQI7N?

M2 Z Hof| T &= HAN o|0|X|2| XY

C 1=

o Yo Z0) => (X Y
= 7|5} Het aby
3

(XOr Yor ZO) => (Xs' ys)
s A Y

2 7Bt 7t & 3E= stasS HotFE HE

m ElAX] A A A OFH
2F BlA0| MES| HIAKY Mo 2 A=t 1}

Zt ot~ 8 S50 20|= HAKX O[O X|2f A
HALEl BIAK M2 280 o] Aza} of

)

o AN WL 2x4910| 0|0|X|S 3KHHO| EBI0| U
w 25 3~4 700 EAZ WE M|E Zabet el g0l
ged
g\
2D image

3D surface




Coordinate Systems

o Parametric coordinates
m SMF FH (curves & surfaces) I Z 0| AHESH= D7 H =
ZHEA (u, v)
o Texture coordinates
m BIAK LHO| /IX|X|HE QI8 AH8Sts AKX ZHEA (s 1)
o Object or World Coordinates
m HANTE YN E SHE 7|5t AH ZtaA Ee MY ZhEA
Xy, 2)
o Window Coordinates
= ZESHQ O|OX|7t A8kl =R ZHEA (X, Yy

Texture Mapping

Parametric coordinates

Texture coordinates ) )
Window coordinates

World coordinates

Mapping Functions

= BAKLE S8 T2I20| ofof YHELE ARICRRE
A0 BT 4+ A
m O] HEo| RAEE HlM (texture element = texel)O|2} £ &

o AKX FEOIM BHO| 3 HOR YIS B4
m BIAK ZHE: T(S, t)
= A ZHH: P(x Y, 2)

X = X(s,1)

y =y(st)
z = z(s,1)

Backward Mapping

7o H (x y, 20| FORE M, LSSt BN

o=
z




Two-part mapping

oY
u

E

| 2X|2| 8ff&H: Two-part mapping
I~ E X F(sphere), 7| S(cylinder), UEK|Qt 22
Choh 3XH2l D743 BHO| HAME BE

H: &7|5 (cylindenoz ¢H

m 0

4

o O

o
-

\

Cylindrical Mapping

o D7 H /7|5 &4 (parametric cylinder)

X =rcos2pu u: (0,1)
y=rsin2pu v: (0,1)

z = v/h
Ou v S AZLHEE Mat ZEA Q| BHX|E rdt 0| hE
718 A71S0| HMHE

rcos 2p s
rsin2ps
t/h

Spherical Map

o Oj7 i H F 2t (parametric sphere)
X = r cos 2nu
y = rsin 2nu cos 2nv
Z = r sin 2wy sin 2nv

0 ¥7|&s et Hlxeh 2Lt 7ef 20| Bol Ao
U Z2 Ao 7ol ZEagt
= | 27LE 2(Mercator) £H2| 2, & S(pole)di| 7t 2

a2 s

O Spherical mapping2 2t ¥ (environmental maps)0j| A

ASE

) = rcos 2p s
' HE B rsin 2p s cos 2p t
] E rsin2p ssin2pt
i .l '. 7
H N

Box Mapping

o ZtEsE 2l EH (simple orthographic projection)f
AHESHZ|of Halgt

o Box mapping2 24 M (environmental maps)0j| A
A8 &

P
—

Back

— | Left [Bottom| Right

Top

- Front




Second Mapping

H o
object) A9| HIAK Z+S A= HH (actual object)d|

WY
« B2 07} ERHOREEO| MM A8
« N EHOZRE] HM AE

" 2N FYERE Q| HE A

actual object intermediate object

LG,

o SHR T (second mapping): &7+ 2K (intermediate

oo

Second Mapping
= olg|

o =ME S WRO 21 =4 o HAHE 2.

Aliasing

Area Averaging

0 HAN9| ZOIE METF (point sampling) &2
@2[0]d EX(aliasing erron& 2tE = U=

« HOIE MEZY - oM HoRo| %Y

point samples in u,v
(or x,y,z) space

/|
i

-5

miss blue stripes

- <

;
A

point samples in texture space

MO|Lt ChA =2l Y ™A (area averaging)
st

preimage

= Note: 20| HO|O|X| (preimage)e =HY




Basic Strategy Texture Mapping
o HANE A3|7] st 371X| A
L HEANE X
O[O XIS THUoIA Q7L XT 44
AKX B
HANY T2
2 2 Yo "AN xlBE oY
T2207 MY HES UE o Ay
L HAN W e K|
g (wrapping) o Texture coordinates: T(s, t)
= E 2 (filtering) " = s =1y 2)
T ———— image = t=gky 2
o Value:
e = LUMINANCE, RGB, RGBA
S
OpenGL Texture Example Texture Mapping in the OpenGL Pipeline
o CtS O XM= 256 x 256 O|O|X| & o O|O|X|et 7|8tet A Z4K|= 27| CH2 mo|Z2tQlof A
A2t (rectangular polygon)oj CIAEl 2 BiAH IPHOIAM S E
AKX WEHSHH f2 £t = 5, 4T HANTE QUL SHEEE 7|5kt AN el S5
&2 HojZ=1 s (complexity)ofl M| Y2 Fx &g
Tostn-sac vin B ——geometry pipeline\
t 256x256 .
el
1 GL! -
#@ : O10IXl - pixel pipeline "
PO S S




Specifying a Texture Image in OpenGL

Define Image as a Texture

o 512x51237|9| 0|0O|X| imageData ElAX{ O|0|X|E
Z2 0N M-St T 22 E 815 CPU
Hze[of HiE2 Folet
m GlLubyte imageData[512][512];

o BAN YIZ B
= glEnable(GL_TEXTURE_2D)
= OpenGLS 1,2,34-Xt8l BIA K WS X|2AsH

o glTeximage2D(target, level, components, width, height,
border, format, type, texels );
m target: HIA KX E}Y, e.g, GL_TEXTURE_2D

level: mipmappingQiA AtE

components: texel® 24, e.g., RGB

width, height: texelQ| LH{H|2} &0| (in pixels)

border: smoothingd At

format, type: texel2 HO|dt= =i} EFY

texels: texel Hj € o Ci3t ZEOIH

glTeximage2D(GL_TEXTURE_2D, 0, RGB, imageWidth, imageHeight,
0, GL_RGB, GL_UNSIGNED_BYTE, imageData);

Converting A Texture Image

Mapping a Texture

O OpenGL2 BHIAK O|O|X| 27|7t 29| &4 (power of
2)2 X|8E|0{ofF &
m 64x64, 64x128, 512x512, ...
o DFOF 0|0 X| | 37|} 29| &7} OfL| T,
T2 MO A] gluScalelmageE AIESIH A7 E =
SHioF ¢t
m gluScalelmage( format, w_in, h_in, type_in, *data_in, w_out,
h_out, type_out, *data_out );
data_in — & 0|0|X]
data_out — O|0|X| 2 7|7} =™ & %= 0|0O|X|
o 37|23 Al O|0|X|= XAtsHe =2 H7tut HEEE

o Of7 = BlAK AtHO| HIEES 10 /AS
o Zt §HYZ glTexCoord*()& AFRSI HAN ZtHE
INESE [

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




Mapping a Texture

Interpolation

02 YHER HAK FE XY
glBegin(GL_POLYGON);
glColor3f(r0, g0, b0); //if no shading used
glNormal3f(u0, vO, w0); // if shading used
glTexCoord2f(s0, t0);
glVertex3f(x0, y0, z0);
glColor3f(rl, g1, bl);
glNormal3f(ul, v1, wl);
glTexCoord2f(s1, t1);
glVertex3f(x1, y1, z1);

glENd();

O Note: AEQ| S €S TMA|Z|7] Yot HHE HIGS

A&

0 OpenGL2 Tzt LIS Ol Chot BAKN ZHEE A6t
2|8} 2 ZHinterpolation)g 0| &%

texture stretched

over trapezoid

showing effects of

poor selection ¢ i !
bilinear interpolation

of tex coordinates

good selection
of tex coordinates

W

| |

0

1
S| Checkerboard HIANE
AtCt2|Eof B % 57|

Texture Parameters

Wrapping Mode

O OpenGLOjAM EIAK L O|EA MEEX| AHNFE

CtRFSH QlXH(parameters) & X1|—C',—of_Tl_ A
= WA (Wrapping) —s, t7} (0, 1)2| HRYE HAS I O{EA s, t
7tS oA Mot HQIX| AAES|=LS QIX}. CLAMP, REPEAT

= ZH (Filter modes) - ZQIE MEZ O EF A=
Af%&EE (=13

= 2 (Mipmapping) - IAME o2 7He| S EE AL =
UREE 2t

m 2FZAQCIX} (Environment parameters) —El AKX MEHO| S H
(Shad|ng)_lr O-IEH}” Al'gxl-_g_ol- XI 24X OHE

o Clamp: (0, 1) #9| L2 2 2/ =H
m OtCf s, tIf IEEf A9, 18 A=
m OtCf s t7F OELCH &EE 02 A2
O Repeat: (0, 1) H%[E EO0{4d ¢t0f| CHSH AN Bh=
st %lE AIE
glTexParameteri(GL_TEXTURE_2D,
GL_TEXTURE_WRAP_S, GL_CLAMP)

glTexParameteri(GL_TEXTURE_2D,
GL_TEXTURE_WRAP_T, GL_REPEAT)

—

L LLES
.,

o

GL_REPEAT GL_CLAMP
texture wrapping wrapping




Magnification and Minification

CH (Magnification) — texelO| 3t pixel 2Ct 2
(Minification) — texelO| ot pixel 2C} == [

HME 2l (Point sampling)

E& (linear filtering) - QI E ME&l0| o|s Z™E
0|2S Zatst ElM 120 7}7<u4 S A2
(ne

O O O
= M Jk>+
rx o |'> -

E TR Im

[}
= 02 19

o

earest) - P L ZH0|| 25 AlLHE 4 7+ ZHt2
(=]
(@)

P |
==

| |
1T

Texture Polygon Texture Polygon
Magnification Minification

Filter Modes

o HAK LE XY
= glTexParameteri( target, type, mode )

= glTexParameteri(GL_TEXTURE_2D, GL_TEXURE_MAG_FILTER,
GL_NEAREST);

= glTexParameteri(GL_TEXTURE_2D, GL_TEXURE_MIN_FILTER,
GL_LINEAR);

Mipmapped Textures

o Y™E (Mipmapping)2 & #9|
(preflltered texture map)= Ao
O QIOHI O XES ZHA|Of EIAK DHI
o SAK HolE Al YUAS as
= glTexImage2D( GL_TEXTURE_*D, level, ...)
O GLU gist+5 SolM Ats22 Z4E A7(9f HAN dd
= gluBuild2DMipmaps(GL_TEXTURE_2D, GL_RGB, 64, 64, GL_RGB,
GL_UNSIGNED_BYTE, imageData)
o OpenGLOA| 2{=o| MW EOIE MBS 0/F2}7| 93
e 248 ALE
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)

Aliasing Example

point linear
sampling filtering
mipmapped mipmapped
point linear
sampling filtering




Texture Environment

O glTexEnv{fi}[v](.) & AtE3I0] EIAK QI SHLHo|
HzEEZ X8
gITexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, mode);
= GL_TEXTURE_ENV_MODEQ| B E:

GL_MODULATE: EIAK{0| Af M3t 20| FOX|& MEES
Setoz i HIAK |:|HJ.L|O‘|O| SIGtEl 298 HXTIs
GL_DECAL: ElAX{0| 0| Z4K|o| Mg eHH3| ZH

GL_BLEND: SHZ AT} $H443}
GL REPLACE: S AX| Mok A8}
= GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_MODULATE
.l

o ghdgt M2 GL_TEXTURE_ENV_COLORS 2 X|Hat

Perspective Correction Hint

O BAN ZIEQF M H7t
= OpenGLOJA BIAK ZhE &7| oM 232 S| MY
H7tS At
= HUEFoMe M WHo| SHEX|T, AZFF0M=
HMH 20| U=E 20| SHZX| S (20 =2)

(k=]
o CHziEo] A7 (edge)ol M BIS SE2IX| 22, giHint
HC} L2 E7HS QXS 2~ 9|2
[ g|HInt(GL_PERSPECTIVE_CORRECTION_HINT, hint)
hint: GL_LDONT_CARE, GL_NICEST, GL_FASTEST

Generating Texture Coordinates

O glTexGen{ifd}[v])& At235l0] BIAK XIHEE AISHOZ

Skt A o
T

= d (plane)2 X|°JoHof & - BHOZHE S| AHZ|0 HIEE &
E-IIAX:{ IEE MM

n PE:

GL_OBJECT_LINEAR: EfX} ALCHO|| LFRZHS Q18] m)
GL_EYE_LINEAR: 5Xo 2 2Z0|= Ko Qde ras O

GL_SPHERE_MAP: 2tZ 0| M Al gt

Glfloat planes[] = {0.5, 0.0, 0.0, 0.5} // s=x/2 + Y2

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);

Texture Objects

o BlAX = OpenGL state®
= CHE M| OiCE CHE SANE JHEICHH, OpenGL2 CPU
2|0 EAX o222 otF & Ho|HE 22]0{0f &
XAl OpenGLE2 BElA K ZHA| (texture objects)E 7+E
= BIAN K 174 O[O X|
m HAKX O E22| (Texture memory)= O] 7if AKX ZHHE JHE

=
A O]
™ M

djo




Environment Mapping SN

Environment Maps)

O

it
ox
2

« 2HB SN Y T BYO| 0f BH 0| Bt
Azt 3

= 3XE S7H0| 0|2 2 7tYH FH(sphere) == &Y H|(cube)of
ol SMRICt 7}""&“‘ Second mappingOf| Al A&
SIAMIE E ALE - A[E /X0 et M2 OE 258 2.

m Spherical environment mapping — 180& 2}0|E W= H=EZ
S 517 0|0|X| 25 E spherical map 44 £ A5 HAK
XE YES A8

Multitexturing

o HE| HIAKE (Multitexturing)
= SiLf O|2to| HIAME Mo HESHM HEHE 215 =0|=
74 - e Ca—
o

o
e

o 2}0|E IJHTLI (Light Mapping)

= =H[EO| B7|E Aot DA HANe =F ZNtE ZE5H]
A0 og gAaS XM ENTHO




