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Images

COIN3D simage

olm A "ol = vl MH-E go] 2olAY A A
A Q) of v 4] 3 E:

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

oA A=

m Color channel: greyscale, RGB, RGBA

= Bit resolution

o o

a

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

O http://www.coin3d.org/lib/simage
o COIN3D simage library 7} A& 3} o] 1| =] 3+ 29
= JPEG, TIFF, PNG, PIC, TGA, EPS, GIF, RGB, etc
0 COIN3D®] simage library & Al-8-5h2 ¥, ZZ= A E o
additional library and include directory & 57}3l oF gt}
m Project -> Properties(ALT+F7) -> Configuration Properties ->
C/C++ -> General®ll Additional Include Directoriesl .\ simage&
(ERS
& 1o .
m Project -> Properties(ALT+F7) -> Configuration Properties ->
C/C++ -> Preprocessor®l| Preprocessor Definitions
ol 5SIMAGE_DLLE 4+
m Project -> Properties(ALT+F7) -> Configuration Properties -> Linker
-> General®l| Additional Library Directories®l| .\simage& % =T}
m Project -> Properties(ALT+F7) -> Configuration Properties - >

R

Linker -> Input®l Additional Dependencies®]| simagel.lib< =




COINS3D 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,ydim?2; // WkeF o|ulx] 27| 7} 29] 54=7F oY, resize
GLenum type;
xdim2 =1;
while (xdim2 <= imageWidth)
xdim?2 *=2;
xdim2 /= 2;
ydim2 =1;
while (ydim2 <= imageHeight)
ydim?2 *= 2;
ydim2 /=2;
if ((imageWidth != xdim2) | | (imageHeight != ydim2)) {
rescaledImageData = simage_resize(imageData, imageWidth, imageHeight,
numComponents, xdim2, ydim2);
imgPtr = rescaledImageData;
1 else
imgPtr = imageData;

OpenGL Images

0 glDrawPixelsE AF-&-38Fo] 3fwol o|m x| & Td & &
glDrawPixels(GLsizei width, GLsizei height, GLenum format,
GLenum type, GLvoid* image)
w I A o] H & A9 raster 2] o A F-E Al AFSko] U H] (width),
30| (height) S 2t AHF G Sl 17
= width, height: ©] 7| %] ZL7] (in pixel)
= format:
GL_RGB: RGB ©| 1] #]
GL_RGBA: RGBA ¢|n| A (&3t d Z3})
GL_BGR_EXT: BGR ©| ] #]
GL_LUMINANCE: 3 o]u] %]
F % GL_RGBUY GL_BGR_EXTZ A}-4-3F GL_BGR_EXT3= windows 2]
24-bit B] E o]l A 7} 2] 91 5}4=H] GL_RGBRE.U} &4 w2 7] 235,
= type: 4 o8] 2] 153, B GL_UNSIGNED_BYTES A3
= image: | 7] #] Ho]E| Wi <&

OpenGL Images

O glReadPixelsE A}-&3t] 3} images ¢1o] &4
glReadPixels(GLint x, GLint y, GLsizei width, GLsizei height,
GLenum format, GLenum type, GLvoid* image);

n A9 raster ¥ X & F-AIBFAL ¢17] 913Fe] o] w] R ] % o}
(bottom-left)oll t) 3 H-Z E (view port) F3E A g o] 4 o o

(%, y) FE = Al ZFeFe] YH] (width), 0] (height) & 2t

ARzt S o 2 5E A o] H & ¢lolA] v & 7HA &
» image °ll = 4 % ¢+ width * height * 3 (RGB) Hl & ol #]7d-&
m format < I A Ho]H 849 S A4S

w type 7} 849 tlo]H 35 A A3t glDrawPixels 2] type
R R

OpenGL Images

el o H o (e B, dol wis], el d ws)el A 4 ofe &

0 glCopyPixelsE AF-&-38}%] 3} 9] image s ¢ 9] A
T A o] A YAE AR = HA

glCopyPixels(GLint x, GLint y, GLsizei width, GLsizei height,
GLenum type);

w2 Wy (A Wy, dol Wy, *Eﬂ*‘ H ol A 2155 o} =
x,y) J}ﬁi Al Ztste] |H| (width), 0] (height) & 2t
A 23} & s ol BALgH

» HALE = 9] X] = glRasterPos() 35 AHE- ﬁ% uf 71 5o
a8 d 91 E A 1A gholl o s A E & AL thA

AAYT 5 S

o AR u) ALY e I H 4 5] 99 typeo] AHSH.
GL_COLOR, GL_STENCIL, %+ GL_DEPTHS. 2 X4 3 4= 9l &

}:1




Texture Mapping

The Limits of Geometric Modeling

Flat shading .

= .
Wireframe

|lTl -
Smooth shadmg

Texture mapping

o 7]&tst4 mdel

n IS 2 A7 57 29100090 9] EE S @E% o
ﬂ} e et 75, 29, A9, 27 (skin)s 3 &
ﬂiﬂ/?ﬂé}—% 715tst A Bl aX 52 R she] 1“43}71 il
27 A

h=}
= AGHE 9 T2 ARl oF = AAZE AT ol Qof A
R K T R R PN R
9l 7] Q)
A - H u

Three Types of Mapping

Texture Mapping

o 824 W3 (Texture Mapping)

m ou| A& ARE-3F] T2 (polygon) o] Wi-oll 13 A,
o 7 W3 (Environment/Reflection mapping)

= 34 olm A 7F AT EE 1 9ol el fl.

= YRALY (reflection map) B+ 34 9 (environmental map)->
WAL G- =450 e JJ—}\J 7(—1tﬂoﬂ 9] 3} uf$- HlF o] =

31 (highly specular surface)S ¥Hs 5 &

.

(ol

KR

o HZ 3 (Bump mapping)
- A B AW Eﬂ (normals)a S FATA A A Q=R

geometric model texture mapped




Environment Mapping

Bump Mapping

Texture Mapping

o A 274 e 9 7
» 32 ") 7] 8} (surface parameterization) ¥} %3
gl o|u| A & B Aol o] WA 4 E A7
BA 9 Zk Aol W H = ¥R ojujR 9] it I
(X0 Yor 20) => (X ¥)
= 7]eF gk 9

J5h wae 2Ale) 2 43 7o SolA el 9A3ke] W BAE AA.

(o Yor 20) => (Xo ¥s)
Y HA

2y 718t A7 TR EH = AR ES gl
o Oz A A 3

7y shaol] AAE8] g Mo A= 3

rr

7+

Arbel Bz e S A4 o] M ojulA S AR

2D Texture Mapping

o EsA YL 23490 ofm A

£ 37910 Ho]

o BT 3~4 7)) HEAD WY AP E LH Qe 2

2D image

3D surface

W
ol Ao




Coordinate Systems

O Parametric coordinates
m X3} 1 (curves & surfaces) 59 & of] AF-&-5F= vl 7l ¥ 58
2327 (u, v)
O Texture coordinates
w B2 o] YA A S el ARGk B A 23 (s, t)
O Object or World Coordinates
w G271 4 A EAE 7]Eshe AA A e A SR
xy,2)
o Window Coordinates
w HITAQ om A 7L A = A FEA (X y)

Texture Mapping

Parametric coordinates

Texture coordinates

‘Jz" World coordinates Window coordinates
X

Mapping Functions

o Bl A ste] TR AN wRLe el il d = A g
s G 58 e ofs A H AU AR o 2 5E
270kl AT 5 A=
w o] Hld o] 8 AES YA (texture element = texel)©] 2} -5
o BeA BEAA FR G PO PAHE G
m A 2R T(s, t)
w A F3E:P(x, y, 2)

X = X(s,t)

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

Backward Mapping

o =4 919 A (x,y, z)°] FoIH = u, tl5-8h= B4
HEE o9 Fs AR

o =%




Two-part mapping

Cylindrical Mapping

o "WAHGFE 475 &7 (parametric cylinder)

u: (0,1)

X=rcos2tu
v:(0,1)

o W3 FA49 & Two- part mapping
» " 25 WA T (sphere), ¥ 7] (cylinder), Y ¥ &} 22
7heke 3a09) Wl R o] e 2 9 y=rsin2ru
o dA: ¥71% (cylinder) .2 73 z=v/h
O u, v &3t AL E S A FH Ao WA E 13 20l hE
r 71 7)ol W3
Ss=u
t=v
o g3l HAaA ik w Y
(@) ©) X~
Spherical Map Box Mapping
3} (parametric sphere) o {Feksk A W <4 (simple orthographic projection) 2t
AR-g-3t7] ol A2 o
O Box mapping< 27 % (environmental maps)©l 4] A}-8-%

o 7 T
X =1 Cos 2nu
y =1 sin 2nu cos 2nv

z = r sin 2ntu sin 2nv

o 9715 o Wl eh ey 7o) o] Bl A Ao
)5 5} 7] © ] A} o] 011;,“10] 3 g 3},

4ol 75, & = (pole)ell 7H &+

(environmental maps)°l

= W 27}E = (Mercator) 7
o) 7] AS ME
O Spherlcal mapping< 374 1

/\]— tu v
. . 27
B

o=

Back

Left Bottom Righ! Tep

Front




Second Mapping

o FHA W3 (second mapping): 51t 2 Al (intermediate
object) 9] B2~ 7S k= W (actual object)ol] %3
o F0 ol B o R RE o] WA ALE
o A ERoz R E S WA AL
o A3 FH 0 zRE ] MY AL

actual object intermediate object
i
Pt
n K
Aliasing Area Averaging

o Y29 ZAJE MEH (point sampli
A 2] o]/ 74 (aliasing error) & THE 5 A
o EQIE TG oA H oo 1

5
5
ol
rE
rlo

miss blue stripes point samples in u,v

f (or x,y,z) space

L/

-

-5 = ; " —- )

point samples in texture space

o Bot @34 ol tha =71 G 9 Y (area averaging)

D e

CEE L EECEREEEEERE

e

‘,."" preimage
<

= Note: 349 Ho]n|A] (preimage)= =+




Basic Strategy

Texture Mapping
o H2xE de)7] 933714 2
1 g E A
ol X & gt A A} AH AHA
Bl o 3
gl % 27 8t
2 Zh A M aA HRE IS
SR bl R R R R e display
o Bl2A W S A4
8 (wrapping) O Texture coordinates: T(s, t)
IJE
A E & (filtering) ; . m s={(x,y,2)
image = t=g(xy 2)
O Value:
., = LUMINANCE, RGB, RGBA
s
OpenGL Texture Example

O Uha ol A= 256 x 256 ©] VA &
AFZ+e (rectangular polygon)©ll

Eﬂ/\;q UH.JJO].oq g Es nae

qu"l—vl— )~}\ 1:!

t 256x256

Texture Mapping in the OpenGL Pipeline

o[ H X9} 7|8 5H 2 AR = 217] Th2 sho] Zejelel A
SRSEE ECEEERE-EE
= 55,0 UL} QY ek sk A el %4

1 H O
(complexity)oll A& F3F& T4 F=

geometry pipeline\
SRR "

pixel pipeline




Specifying a Texture Image in OpenGL

Define Image as a Texture

O 512x512217] 9] ©] 7] #] imageData ¢ /\Xﬂ o|H| A &
Lz agol M YA st vt ETEi 215 A CPU
ol v d = Ao gt

= GLubyte imageData[512][512];
o oA WS 25
m glEnable(GL_TEXTURE_2D)
» OpenGL+>1,234-2H g2~ WS A 4F

O glTexImage2D(target, level, components, width, height,
border, format, type, texels ) ;

target: ¥~ % E} 4], e.g.,, GL_TEXTURE_2D

level: mipmappingll 4] A}-&-

components: texel | 8.4, e.g., RGB

width, height: texel 2] 18] ¢} 3£ 0] (in pixels)

border: smoothing®ll A}-&

format, type: texel= 4 ¢] &} Z 1 3} B}

texels: texel B G ol tj gt E1H

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

Converting A Texture Image

O OpenGL-2 8|2~ o|w] %] =7]7} 28] 5= (power of 2) =
A A & of of T}
m 64x64, 64x128,512x512, .
o whek o w) A o] 21717} 28] 47k ofL R, 21 kol A
gluScalelmage & Al-&-3to] 27124 S dljofF &
m gluScalelmage( format, w_in, h_in, type_in, *data_in, w_out,
h_out, type_out, *data_out );
data_in - 9 o]u| %]
data_out - ©| "] #| A 7|7} Z2HH HF oA
O 7124 A oW A= Ae A o R Bk} ¥

m

ru&L

Mapping a Texture
o WA B Fgo] viRE AL e
o 7t JHEE glTexCoord*() & AM-&-3le] Bl 24 (32 &

x] Xg sﬂ o‘F S

(s, 1) = (02 0.8)

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




Mapping a Texture

o 7t A AEE BaA FE A4
glBegin(GL_POLYGON);
glColor3£(r0, g0, b0); / /if no shading used
glNormal3f(u0, v0, w0); // if shading used
glTexCoord?2£(s0, t0);
glVertex3£(x0, y0, z0);
glColor3f(rl, g1, bl);
glNormal3f(ul, vl, wl);
glTexCoord2f(s1, t1);
glVertex3f(x1, y1, z1);

olEnd();

0 Note: LE=2] 385 FAA717] fsto] A vl = A

Interpolation

=3
il

0 OpenGL= UH2he -4 o o gk &l =% 23
2138 2.3} (interpolation) S ©]-8-3}

ARkat7]

texture stretched
over trapezoid
showing effects of
bilinear interpolation

good selection
of tex coordinates

poor selection
of tex coordinates

W33t Checkerboard ¥ =3 &
Abete] Zol Wd sl

Texture Parameters

0 OpenGLol A Bl2=3 7} o] @A 4 8-E %] AA 5=
U} 3t Q1 2} (parameters) S Al &3l 9

= 3138 (Wrapping) - s, t7} (0, 1) 8] HAE AAS o o] E Al s, t
e o g A A A AA s F= A CLAMP, REPEAT

= I (Filter modes) - ZJAE AEH Al < HHS
A&k g

= UY Mipmapping) - B =H & o 2] 7} 9 =5 AHRS
O -=E &
M= 7.

w 37 0=} (Environment parameters) - 8] 2~ %] 137 o] 5-J
(shading)?} o B A 5 2H-8-3F 2] A4 85

Wrapping Mode

0 Clamp: (0,1) & ¢ W= gt A4 =4
w ok, b 1R AW, 15 A
w REeFs, t7F0R T 2F o, 05 AHE
O Repeat: (0, 1) S Hol Al gholl el 8] =4 whig
= st %1S A
glTexParameteri(GL_TEXTURE_2D,
GL_TEXTURE_WRAP_S, GL_CLAMP)

glTexParameteri(GL_TEXTURE_2D,
GL_TEXTURE_WRAP_T, GL_REPEAT)

t ﬁ ﬂ

:ﬁﬂiﬁ

— 5

GL _REPEAT  GL_CLAMP

texture wrapping wrapping




Magnification and Minification

o] (Magnification) - texel©] gt pixel .t} & 1
4x (Minification) - texel©] &t pixel 2.t} 25 o

o &
o5
o ZS1E AZE5 (Point sampling)

|

Filter Modes

o oA BE 44
= glTexParameteri( target, type, mode )
= glTexParameteri(GL_TEXTURE_2D, GL_TEXURE_MAG_FILTER,

A3 H ¥ (linear fﬂtermg) ERJE AMEH | o3l A4 ¥ g9 GL_NEAREST);
o] SO Tatal A 18 - ] exParameter1 _ 2D, GL_ _ - ,
9o ¥ R E=No i =z ],% glTexP i(GL_TEXTURE_2D, GL_TEXURE_MIN_FILTER
= 24 (nearest) - 418 B.7kol) o8 AR gtol 714 F1ke €4 GL_LINEAR);
E AL
T
] |
| R
Texture Polygon Texture Polygon
Magnification Minification
Mipmapped Textures Aliasing Example
o 9 (Mipmapping) & U@ S4¥ 2719 827 i -
(prefiltered texture map)< A3 ot A& 318 sampling filtering
e e AR BaA PAE WA BATAE 2
o g Jojd A AT dEE A A+
s glTexImage2D( GL_TEXTURE_*D, level, ... )
0 GLU YHishrs SallA Ao x Fa49 A7)0 923 A4
m gluBuild2DMipmaps(GL_TEXTURE_2D, GL_RGB, 64, 64, GL_RGB,
GL_UNSIGNED_BYTE, imageData)
o OpenGLoﬂ A HA o s 3 ERIE M EH S o] &6l mipmapped mipmapped
93 TS f A AR point lincar
. sampling filterin
s glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, &

GL_NEAREST _MIPMAP_NEAREST)

s glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER,
GL_LINEAR_MIPMAP_LINEAR)




Texture Environment

Perspective Correction Hint

0 glTexEnvifi}[v](..) & AF&3}o] 8 2~ &} 3-F 119
Ao AgS A8
glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, mode);
[ GL_TEXTURE_ENV_MODEQ E’_E:

GL_BLEND: &7 *ﬁ“ 7} 39 %
GL_REPLACE: 8]~ %] Al gk Al-g-3}
= GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE,
GL_MODULATE

o ¥4 A2 GL_TEXTURE_ENV_COLORS. = %] 3}

o 8~ el A 17k
= OpenGLell A B} 24 g5 37] s 2391 23 A A1

W72 AL
= 550l 3= 4 o] SrhEA R ARG i w4
2ol AEF W] Sut2A) gg (it} =)

0 28 o] 270 (edge)l A H% Fr el A B2, glHint
BERP A £ RN
u nglnt(GL_PERSPECTIVE_CORRECTION_HINT, hint)

hint: GL_DONT_CARE, GL_NICEST, GL_FASTEST

Generating Texture Coordinates

Texture Objects

0 glTexGen(ifd)[v]( & AH&-3to] B4 R E AEH 02

<
/\gﬂz‘;_lr I 91

= B (plane)& A A sl of g - Gl o2 F-E] o] Aol npE
Eﬂ 2~ % Jq, =2 }\g /H

GL_OBJECT_LINEAR: Ebz} Acte] YA S 9%
GL_EYE_LINEAR: £% 0 & 27 o]& A< 9|3
GL_SPHERE_MAP: 37 9ol A A&t

o &

(o]
ogh 1t
%
o
]
2

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 + V2

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
w 02 AAY g2 92X 5 7EzItd, OpenGL-2 CPU
H el oll A 2 v R & ofF F dlo]H & A oo g
o #H 4! OpenGL2> 81 2~ 74 A]| (texture objects)E 7+
w B2 A G 1) o] u]A]
w924 W 1Y (Texture memory) o & 7l €23 A A& 7H

2= o)
T())V]\E!




Environment Mapping S

o $7 %W (Environment Maps)
EEAAL QL= T 91 #Hdo] o] EAol] WhALE = A2

n 374% F7ko] v~ & 7HdA - (sphere) == WA (cube)©ll

ol &l =R thaL 7FHg skal Second mappmgoﬂ A Al A
WIAFE B & AFE - A4 91 ol mheh M 2 ohE BG5S Bl
Spherical environment mapping - 180% 2}o] = = A==
N2 317 o] n| x| Z5-H spherical map A8 $ A5 8 2~% 3R
e




