Buffer, Image, and
Texture Mapping

OpenGL Frame Buffer
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CHRCfsim YA

o M HI{ (Color buffers)
» MM HI (Front buffer)
» £H HI§ (Back buffer)
= EX HI (Auxiliary buffer)
= 2H2{0|H (Overlay plane)

o #0| I (Depth buffer)

o 58 BT (Accumulation buffe
= High resolution buffer

o 2HA HIH (Stencil buff
= Holds masks

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

Buffer Selection

OpenGL Buffer Management Functions

o OpenGL2 front, back, depth buffer & 2& HI{ 25 H
HO|HE &= A0l 7ts

o 7|28 T YHIHE back buffer/t MERE[O] O,
glReadBufferE O|&85}0f CtE HI{Z HE = JUZ

O Note: =i HIHO|| Z& ZOI2 T = A A O 22[0f
ZOOb= COhE. o O] K 22|= 242 CHE Xof| MY E.
= [2tA, HIOE packing@t unpackingO| Z %t

= Reading2 CtA =8 £ QUS

o HIEHE clear
glClear(GLbitfield mask); // §°8 HHIHE clear2
GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT |
GL_ACCUM_BUFFER_BIT | GL_STENCIL_BUFFER_BIT

glClearBuffer();
o IO clear value set
glClearColor(); glClearDepth(); glClearDepthf(); glClearStencil();
o HHIHE mask (i.e, enabled or disabled)
glColorMask[i](GLboolean red, GLboolean green, GLbooleanblue,
Glboolean alpha); // r,g,b,a M2 =2 HI{0| £X| OtHX| X|7g
glDepthMask(GLboolean flag); // depth H{I{0f| Z£X| OFLX| X|F

glStencilMask(GLuint mask); // stencil HHIH O] bit maskE £X|
OFLIX| x|




Images

COIN3D simage

o O|0X| HlO|E = MU MEE 0 SO|AHL &Y dd
o LEPNQl OfO|X| Mt = ol
= JPEG, TIFF, PNG, GIF, RGB, EPS, BMP, etc
o O|DX| =B
m Color channel: greyscale, RGB, RGBA
= Bit resolution
|

= Compression: &4 £33} (lossy coding), F&4
coding)

23535} (lossless

a
O

a

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

COIN3D simage library?} XN|&53t= O|0O|X| o =Bl

m JPEG, TIFF, PNG, PIC, TGA, EPS, GIF, RGB, etc

COIN3D2| simage libraryE AtE5t2{EH, Z2HE0f
additional library and include directoryE 3 7}3l|OF S+C},

m Project -> Properties(ALT+F7) -> Configuration Properties ->
C/C++ -> GeneralOf| Additional Include DirectoriesOf| MincludeE
d=Ct

= Project -> Properties(ALT+F7) -> Configuration Properties ->
C/C++ -> Preprocessor0 Preprocessor Definitions
off ;SIMAGE_DLLE &Lt

m Project -> Properties(ALT+F7) -> Configuration Properties -> Linker
-> GeneralO| Additional Library DirectoriesOfl M#libWdebugE
d=Ct

m Project -> Properties(ALT+F7) -> Configuration Properties - >
Linker -> Input0i| Additional DependenciesOf simagel.lib2 E-=Ct.

COIN3D simage Example

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; // Btk O|O|X| 27|7} 29| &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 = rescaledlmageData;
}  else
imgPtr = imageData;

Texture Mapping

P TS\
Flat shading

" Smooth shading Texture mapping




The Limits of Geometric Modeling

AN
o HAN Y

= 25 GNE XY Y mHO| Y

= HohEl =2of T2t S ArESHOF St= AAIZH A0 AN M
WX &g £71 2R 0|0|X[Q] AtdEE 4E3| &Y
A O] 7|I:HOI
T M HO.

Three Types of Mapping

o HAK W (Texture Mapping)

= O|O|X|E AHESHY CHZe (polygon)2| LiF0| 21 3.
o 24 WA (Environment/Reflection mapping)
= 2tZ O|O|X|7t W EE 5H o 1247,
m HEALH (reflection map) EE= 24 (environmental map)2
HIALZ S FHSHA| e &4 =X Yo ook 0fL B0l =
HX (highly specular surface)g TH& &= US.
o HZ WL (Bump mapping)
= HEHEY S XA GHHE (normals)E AFAI7 2H K|
BHHO| 87|t 2 2YS M.

Texture Mapping

geometric model texture mapped

Environment Mapping




Bump Mapping Where does texture mapping take place?

o HAN WL AC Y THo|Zatelo| Opx|Y
S

CHAO A &

Geometry - Fragment Frame
SlCaE— . == Raslerization L § -
Varices processing o processing buffer
- /

Mxch processing

Texture Mapping 2D Texture Mapping

o /HEH el 2AH HAN B I o HAN Y2 2XA 0| O|0|X|F 3RS HHO| HE
= BW O§702t (surface parameterization)dt’d w D 3~4 740 ZtEAZ WE H2E Zeet YA uHOl
A 0|D|XIZ SH Ol /YA QY Helvk R

=X2l 2t Hoj| WHE|= A o0|X|e| xtEIt Bt
(X0 Yor Zg) => (Xu V)

s 7|5} He o
715t Het2 Xl 2t ot FF SHHOMO| f|X|7He| BHE A

—

N
2
Ui

(XO: Yor ZO) => (Xs' ys)
= A I

2 7|27 SHEIE 2SS HOLFE I 2D image

w EIAKY A A AF DPE
ZHSpA0| MAES| HIAK Moz K== bH
2t 542 510 20| BAH O|0|X|o| A2 OfHH A A Zel7te 3D surface
ALE HAN MS SXo| o] MZI oA BEE HAATR




Coordinate Systems

Texture Mapping

o Parametric coordinates
= M0 2 (curves & surfaces) 2R 0| AF&3St= O+
ZHEA (u, v)
o Texture coordinates
w BIAK LHO| RIX|X|HE Qs AHESHE BlAK ZHEA (5, 1)
o Object or World Coordinates
» HANTEYHE EHE 7|86t AN ZEA Es MY ZHEA
Xy, 2)
o Window Coordinates
= ZZHQ 00X 7t HEElE A= ZHEA (X, v,

Parametric coordinates

Texture coordinates ) )
Window coordinates

World coordinates

Backward Mapping

o SAHS S8 T2 0| ofef WYL AT REE
Azhoto] B 4 9l
o

m O] HiEol @A =S HM (texture element = texel)O|2t £ E
o SAH FHEOM EEO| o Hoz W 4

s BIAKN XIE: T(s, t)

= A IHE: P(x, vy, 2)

X = X(s,1) t

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

o =8 ?l2] E (x, y, 20| FOHRE M, LiS5t= HAK
HHE O{EA &es A2V
= SHEMo| 2018 AHY I AKX O|0|X|2| OfH S
A2 SR S ZHO S A, BTz ERRE HAK FE O
UEg Laz 3
o 2 T, HE Bt
s = s(xy.2)
t = txy.2)




Two-part mapping

Cylindrical Mapping

A A2 HA T(sphere), ¥7|S(cylinder), Y|t ZH2
CHoE 3XHRI O B0 HANE WE

o A ¥7|S (cylinder)2 2 &

y

2t~ (parametric cylinder)

o O A7) &
X =1TrCos 2t u u: (0,1
y =rsin2nu v: (0,1)
z = v/h
| S rdt
X
y
VA

=1TrCos2mts
=rsin2ns
= t/h

Spherical Map

Box Mapping

o Of7f =3 7 2= (parametric sphere)
X = r cOs 2nu
y = rsin 2nu cos 2nv
Z = r sin 27U sin 2nv
o ®7|s 2ef Hlg d8{Lt F£oF Z0[ Eol K of
YUY R Ao €80l Hagh
» H2JLEE(Mercator) £H| 2, & S(pole)ofl 7t& &
SREENE

o Spherical mapping2 £H4 @ (environmental maps)0f| A

A‘t%Eﬂl = X =T COS 21 S
' HE B y =rsin2ms cos 2n t
] [l Z =rsin 2x s sin 2n t
H _u N
H N

o ZHERSE AW B F (simple orthographic projection)dt
Argst7|of Helg

O Box mapping= 2H4 M (environmental maps) 0l A{
ArEE

-

—
Lo

Back

—» | left [Bottom| Right

Top

- Front




Second Mapping

o FHM W (second mapping): St ZH| (intermediate
Sl= E ™ (actual object)O|

object) &2| HIAK 72 ¥
OH I
H o
o SOV #UCZREO| HH ALE
. 2% EHOREH
= AN SHERH

actual object intermediate object

LS,

Second Mapping

o BHIE FHT LRl 202X RO HANS A,

Aliasing

o HAMO| LOIE MEZ (point sampling) &E2
W20 Y EXl(aliasing erron)E Bt = AS
- EQIE M2 - HojM Moo UH

miss blue stripes point samples in u,v

t v (or x,y,z) space
/) b
c/o/ Xo‘/,_ ° _'o e
-3 -~

point samples in texture space

Area Averaging

o 20 2aHO|LE Cha =2l HY B (area averaging)

YEHS M8 7tsE

= P BRY - YN YHoRO| Y

19

b

>




Basic Strategy

o HANE §9]7] /gt 37kA| EHA
| HANE XX
O[O[X| S LM HALF XY o
HAXNO 2
HANEY st
2 2 3| AN xE

0x

@4 (wrapping)
ZE (filtering)

Texture Mapping

_ o Texture coordinates: T(s, t)
t ms=1xy 2

— image = t=9KyY 2
o Value:

B = LUMINANCE, RGB, RGBA
S

OpenGL Texture Example

o CHS O M| = 256 x 256 O|O|X| £

A2t (rectangular polygon)O
BIAK IS /2 Edst

= T od
AO o
== EO;IT—T'— %Ikl:l

Terdure-space view

t 256x256

Texture Mapping in the OpenGL Pipeline

o O|O|X[ef 7|5tep N K| = 27| CHE IO =2t 0| A
GArEl & B AE IO SHE

= 5, 2 HAKT Lt SlCiatE J|StetE 2K o SR
(c mp eX|ty)01| My gsre x| ¢Ue

——geometry pipeline\

rasterizer

o|O| x|

pixel pipeline




Specifying a Texture Image in OpenGL

Define Image as a Texture

o 512x51237|2| O|0|X| imageData E—*Iﬁﬁ O|O|X| &
T2 MM d5HAL D22 H 65 CPU
H=2of g2 Zolet
» Glubyte imageData[512][512];

0 HAN YL BA3
= glEnable(GL_TEXTURE_2D)
= OpenGL2 1,23,4-AH BIAK WS x| T

o glTeximage2D(target, level, components, width, height,
border, format, type texels );
= target: BIAK EtQ, e.g, GL_TEXTURE_2D

level: m|pmapp|n901|)\1 AHE

components: texel2 24, e.g., RGB

width, height: texel2| L{H|2t =O] (in pixels)

border: smoothing0f| AH&

format, type: texel2 & 2|5t= 2B} EH Q)

texels: texel Hj 20f CHst Z OIE]

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

Converting A Texture Image

Mapping a Texture

0 OpenGL2 ElAK O[|O|X| 27|7} 22| S (power of
2)2 X|’8E|0{oF g
= 64x64, 64x128, 512x512, ...
o 2 O|0|X|e| 27|t 22| S==7t OfL|H
Z2 YO A gluScalelmageE AtE3I 37| =H 2
Sf{OF &
m gluScalelmage( format, w_in, h_in, type_in, *data_in, w_out,
h_out, type_out, *data_out );
data_in — & O[0O[X]|
data_out - O[|O|X| 27|7} ZHEl %|F 0|0|X|
o 37|Z=F Al O|0|X|= ArsHe 2 H7h HHEE

o sy BAK FEo) HES F1 AU
0 % BYYE HAN FEES X YOF
(s, 1) = (0.2, 0.8)

________________________________________ A

------ C

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




Mapping a Texture

Interpolation

o2 §EEE "HAN 3te X
// Square Vertices Positions
squareVertices.push_back(glm:vec3(-0.75f, -0.75f, 0.0f));
squareVertices.push_back(glm:vec3(0.75f, -0.75f, 0.0f));
squareVertices.push_back(glm:vec3(0.75f, 0.75f, 0.0f));
squareVertices.push_back(glm:vec3(-0.75f, 0.75f, 0.0f));
// Square Vertices Texture Coordinates

0.0f, 0.0f));

1.0f, 0.0f));

1.0f, 1.0f));

0.0f, 1.0f));

squareTextureCoords.push_back(glm::vec2
squareTextureCoords.push_back(glm::vec2
squareTextureCoords.push_back(glm::vec2
squareTextureCoords.push_back(glm::vec2

—_— o~~~

IEo| mE= ddA7|7] #loty EH i E

o Note:

2'.9_
=2= [S)

o OpenGL2 CH4Y '—H'z'x*oﬂ CHot IAK ZHE A L5
I8l 2 7(interpolation)= 0| 8%

good selection
of tex coordinates

texture stretched
over trapezoid
showing effects of

poor selection ¢ ) !
bilinear interpolation

of tex coordinates

)

Checkerboard HIA NS
ALCHE| B0l HE S|

Texture Parameters

Wrapping Mode

0 OpenGLOIAM EIAM7F O{EA HEEHX| 2T =

Ctst Ol XH(parameters)E H&Std US>

= YA (Wrapping) - s, t7F (0, 1)2] HIE EHAS I O{EA s, t
US OfEA T AU 7”% F£ QXL CLAMP, REPEAT

s ZH (Filter modes) - ZQIE MZZ| (Al F WAHS
AHESHE S ot

= Y (Mipmapping) - AN E 02| 7HS| SHH=E A =+
UA=F o

» A QXL (Environment parameters) —ElA KX IO S

(shading)Tt {EH MSE2E X| ZH|F

o Clamp: (0, 1)

Hel W= o=

dH =73

m Dtk s t71 1ECH 3H 12 A8
= BI%f s, 7} 0Tt KO, 02 A

O Repeat: (0, 1) &

st %lE AE

1 —

S Fofd 4ol oish HaN g

glTexParameteri(GL_TEXTURE_2D,

GL_TEXTURE_WRAP_S, GL_CLAMP)

glTexParameteri(GL_TEXTURE_2D,

texture

GL_TEXTURE_WRAP_T, GL_REPEAT)

GL_REPEAT
wrapping

GL_CLAMP
wrapping




Magnification and Minification

o 2O (Magnification) — texelO| 3t pixel 2CF 2 Y
o F24 (Minification) — texelO| o pixel 2L} &2 [}

o ZQE MEZ (Point sampling)

s M3 ZEE (Ilnear filtering) - ZQIE HEE 0| 25 2=

EMO| 0|22 st HIM (20| JIZHI % AM

< H27 (nearest) - M =70 oleh A4 2ol I At
=4 2L ALS

=
L ——
—

&

Texture Polygon Texture Polygon
Magnification Minification

Filter Modes

o HMAaN 2H XE
= glTexParameteri( target, type, mode )
m glTexParameteri(GL_TEXTURE_2D, GL_TEXURE_MAG_FILTER,
GL_NEAREST);

= glTexParameteri(GL_TEXTURE_2D, GL_TEXURE_MIN_FILTER,
GL_LINEAR);

Mipmapped Textures

o ZME (Mipmapping)2 Y20| FAE 37|19 HIAK HYE
(preflltered texture map)=2 4d5t= A2 &

oD BYE2 A2 AM0 AN WEHS g Al EUENHE =09

o HAK Folg Al HHAS HHES X8 = US

m glTeximage2D( GL_TEXTURE_*D, level, ...)
o QSRS ESIM XAISO2 EAE 37|10 A MM
= glGenerateMipmap(GL_TEXTURE_2D)
0 OpenGLOA =Xl M ZQIE MEES 0|85t 2k
LS S8 ALE
m glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER,
GL_NEAREST_MIPMAP_NEAREST)

= 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

Generating Texture Coordinates

o glTexEnv{fi}[v](..) B AFESI HAKQt SE7HO
M2 EES X8
glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, mode);
m GL TEXTURE_ENV_MODES| EE:
GL_MODULATE: ElAXO| M MEq 2
SEOEMN HAN HIQo 2HE S
GL_DECAL: Bl AKX o] AO| Zix|o| MZ 2
GL_BLEND: 2tz A1} o5t
GL_REPLACE: AKX AoF A2t
m GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_MODULATE
.|

o st A2 G| TEXTURE_ENV_COLORLZ X|Hgt

O gITexGen{lfd}[v] AHESHY BEIAK ZIHE AFSEHCE
MAMBE 2 0]
T |:|
n %124 (plane)2 X|™Gliof gt - WHOZEEHO| AHe|0of HIEZ &
BAR ZHE dd

m BC:
GL_OBJECT_LINEAR: EfX} ATt LIRZ S % 0
GL_EYE_LINEAR: X2 2 SX0|= 4Kl QHS me I
GL_SPHERE_MAP: ZtZA 0| M At

==

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

Glfloat planet[] = {0.0, 0.5, 0.0, 0.5} // t=y/2 + Y2
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

Environment Mapping

o BAKXE OpenGL state
= CHE ZNOCt CHE B AN E ZHEICHH, OpenGLE CPU
H=20M ElAK H22[2 OfF 2 HIO|HE 2X0{0f &
o X[+ OpenGLZ BIAK K| (texture objects)E 7+H&
m EIAK KT 170 O|OX]|

= HA ﬁ Ol 22| (Texture memory)= 012 7§ EIAX ZHK| S 7HE

=L Rt
A
an

I]|0

AA

v
o 24 (Environment Maps)
= SNE SN A= T2 20| of M0 BhAtE= ZAHE
oSt 74O
== oT

= 3XHY 70| Oi 2 2 7HH F(sphere) £= YA H|(cube)Ofl
o8l EMSICID 71H38t Second mappingQlIA Al
HEATHIELE AR - AIE QIX[Of mEt M2 CHE 252 24

= Spherical environment mapping - 180 20|E W= H=EZE
®2 24 O|0|X| 25 E spherical map 48 = XfE AN
Ite d9S ALg




Multitexturing

o HE| HAKZ (Multitexturing)

= OfL} O] &o| HMANE N[O HE3AM HEHTE B81E =0|=

=k

-+ H :
o 2t0|E 0§ & (Light Mapping)

= SNEO| 87| S Althots Tl HANet =8 2
2oz Jd= Y N 2

.+-:-




