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n What is Texture Mapping?
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OpenGL supports for
Three Colors + Texture

« Three Colors « Texture(bitmap)
— Ambient, diffuse, specular — Image
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Robotics

Texture(lmage) mapping
IS added on Diffuse color

N
| }* r< r camera
\ %uuminaﬁon(light source)
| | | f : Reflection
Mmage, (X’y) A : normal

« Colors with texture mapping
diffuse = cos@ =1 of
~.color = Image +diffuse = 1 (X, y) +1 o
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How to handle Image buffer
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Various Image Types

« Various types of Image formats
— Bmp, jpg, gif, png, pcx, tif, and so on

« BMP, JPG, PNG are famous image formats in Graphics
— 24bit: BMP, JPG, 32bit: PNG

« One pixel of image is described by 8, 16, 24, 32 bit.
— RGB = 24bit KT
— RGBA = 32bit
— Gray = 8bit
— RGB(RGB565) = 16 bit

. R=0~31 |

« B=0~-31 1 pixe| = .:. 6
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This Class Provides Image Library

BMP
CImagew
JPG Image >
JPG Decoder " Buffering — CImage.dll »  Wrapper
class
> Zip |
e Decoder

« Clmagew is a wrapper class for convenient purpose
— Easy to access RGB or RGBA buffer

* From Lecture 9, we will use ‘lib2’ instead of ‘lib’

7 g
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lib2" for Texture Mapping

| 2.Graphics ” | glew [h] uvector.h
. Lecture |2] Cimage.lib Ih] vArray.h
| Lecturez [h] Cimagew.cpp
. Lecture3 [h] CImagew.h
. Lectured [h] hMat.cpp
. Lectures [h] hMat.h
. Lectures [h] hvector.cpp
| Lecturs? [h] hvector.h
. Lectureg [h] uCam.cpp
. Lectureg [h] uCam.h
| SW [h] uColor.cpp
. common [h] uCelor.h
! lib Ih] uGL.cpp
. lib2 [h] uGL.h
. glew [h] uPclygon.cpp
. objcvt [h] uPelygen.h
. 2.Mechanics [h] uShader.cpp
) 3.Ex [h] uShader.h
. 3 RobotLearning [h] uTexture.cpp
J 3.5ystem Dynamics Exp @ uTexture.h
. 4.5LAM y [h] uvector.cpp
dofo

* |ib for solid color

 lib2 for image handling

 Changes in lib2

{/ Texture Mapping
class uVertex // Positiod
{
public:
uvVertex () {}
public:
uvVector wv;
uvVector n;
struct
{
float u,v;
P otx;
i
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Ex) uRT-01-Basic
Path Setting for Compliling and Linking

lib2
4 Configuration Properties Additional Include Directories S Mib 2, W Wb 2WglewWinclude
General Additional #using Directories
Cimage_”b Ad%"ﬂﬂtéd Debug Information Format Program Database for Edit And Cont
Debugging Support Just My Code Debugging Yes (/IMC)
VC++ Directories Commeon Language RunTime Support
CimageW b C/C+H+ Consume Windows Runtime Extension
4 Linker Register Cutput Mo
«lﬁeniral Per-user Redirecticn Mo
np-u.r ) Additional Library Directories S anlib 2. W wlib2wglewwWlibiWreleaseWwin3 2W
Manifest File o , —
Link | ibrarv Dependencise Yeo

o “.1./1Ib2"” is added for “Additional Library Directories”

Configuration Properties Additional Dependencies opengl32.lib;glew32.lib;cimage.lib
cimage.lib for cimage.dll ‘33”9”' d 'gnore All Default Libraries
Advance - ific Def ibrari
Is added : lgnore Specr| ic Default Libraries
Debugging Module Definition File
VC++ Directories Add Module to Assembly
b C_.“’C++ Embed Managed Resource File
4 Linker Force Symbol References
General Delay Loaded Dlls
Input

Assemblv Link Rescurce
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Ex) uRT-01-Basic
DLL : Interface library and header file

b 2.Graphics » sw » common » URT-01
lib2 > vs [n] testDoc.h
RT-01 ' '
u D . Debug [h] testView.cpp
ith | res [h] testView.h
Cimage.lib w7~ it I - |2/ Cimaged [h] uObj.cpp
\ Cimage.d ! X d4.png [h] uCbj.h
! \ i
. [ v | [n] MainFrm.cpp [h] uwnd.cpp
1
Cimagew \ \\I [h] MainFrm.h [n] uwnd.h
N /' | [n] Resource.h N wallpaper jpg
___________________________ &% . 4«

« If we use DLL,
— We need interface library and wrapper class

« glew32.dll & interface(glew32.lib) + include(glew.h)
 Cimage.dll < interface(cimage.lib) + Cimagew class

10
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Ex) uRT-01-Basic
Image Loading

#include "CImagew.h" void CtestView::OnInitialUpdate()
Helass CtestView @ public CVWiew {

{ CView: :OnInitialUpdate();
protected: // create from serialization only

CtestView() noexcept;
DECLARE_DYNCREATE(CtestView)

ffimg. Load("d4d.png");

img. Load("wallpaper.jpg");

S/ Attributes }
public:
CtestDoc* GetDocument() const; 2. Image loading
// Operations
public:
CImagew img;
1. Variable Declaration e 1. Declare Clmagew
void CtestView::0nDraw(CDC* pDC) .
{ « 2. Image loading
CtestDoc* pDoc = GetDocument();
ASSERT_VALID(pDoc); I
e « 3. Draw an image at
return; pOInt (0,0)
img.Draw(pDC, ©,8);
¥

3. Draw function
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Image Buffering

« Confirm Image bit first before image buffering.
 EX) d4.png > 32bit > RGBA

Compression: PNG - ZIP

Resolution: 72 x |72 DPI Change

Original size: 512x 512 Pixels (1.00)

Cument size: 512x 512 Pixels {1.00)

Print size from DPI): 18.1x 18.1cm; 7.1x 7.1inches

Original colors: 16.7 Millions (32 BitsPerPixel)

« wallpaper.jpg = 24bit > RGB

File name: wallpaper jpg
Directory: C:AFLW Lecture W Fall'2 Graphics Wswicomm:
Full path: C:AFLYY Lecture YWFall W2 Graphics Wswcomm
Compression: JPEG, quality: 100
Resolution: 96 x |96 DPI Change
Original size: 800x 500 Pixels (1.60)
Cument size: 800x 500 Pixels (1.60)
Print size §from DPI): 21.2x132cm; 8.3x 5.2inches
Original colors: 16,7 Millions (24 BitsPerPixel) 1 2 ci:

4




Ex) uRT-02-Buffering-24bit-BGR

 8bit Image buffering

Image » Image buffer, p

(0,0)/(1,0)/(2,0)|(3,0) (0,0)|(1,0)[(2,0)/(3,0)|(0,1) (1,1)|(2,1) (3,1)|((0,2)[(1,2)((2,2)|(3,2)

©o,1)|1,02,nfz,1) P[O] P[1] P[2] P[6]

0,2)[(1,2)|(2,2)[(3,2) [(X,y): Nn=W-y+X
Width=4 ex)1(2,1) = p[n]= p[4-1+2]
Height=3

24 bit image buffering R(x,y): r=3-w-y+3-X
Image G(X,y): g=3-w-y+3-x+1

B(X,y): b=3-w-y+3-Xx+2

ex)R(2,1) = p[r]= p[3-4-1+3-2]
G(2,D)=p[g]=p[3-4-1+3-2+1]
B(2,1) = p[b] = p[3-4-1+3-2+‘2]




Robotics

JPG uses BGR instead of using RGB

« JPG decoding uses BGR in general
— For proofed Image processing, you must understand everything

-] HS elS - test
File Edit View H

BYTE *p = img.GetBuffer(); e s
Jf 24bit jpg with BGR
for (int j=0;7<106;j++)
for (int i=0;i<img.w;i++)
{
p[ 3*img.w*j + 3¥i] =
p[ 3*img.w*j + 3*i+1]
p[ 3*img.w*j + 3%i+2]

@;

B;
= 255;

JPEG is NOT R8GS8BS,
but BEG8R8 model

Ready



32bit RGBA Vs. BGRA
* EX) uURT-03-Buffering-32bit-BGRA

R8G8BSAS B8G8RBAS8
R(X,y): r=4-w-y+4-X B(X,y): r=4-w-y+4-X
G(X,y): g=4-w-y+4-x+1 G(X,y): g=4-w-y+4-x+1
B(X,y): b=4-w-y+4-x+2 R(X,y): b=4-w-y+4-x+2
A(X,y): a=4-w-y+4-x+3 A(X,y): a=4-w-y+4-x+3

« For example, “wallpaper32.png” is 32 bit PNG

15
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Robotics

RGB Color Space

RGB is linear? Is it Independent?

y Linear vector space
L > "\
Transform, T
X
X = (x
X'=TX

Color that we see is NOT linear
— Red(10%) + Red(20%) #* Red(30%) - Non Linear

RGB buffer in images are linear

Thus, Nonlinear Color Scene - Capture - Storing
linearly - RGB buffer is linear

16
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Y'UV Space

« YUV is transformed by YUV space
Y’ : luminance component

UV: Chrominance component

U :Blue projection

V: Red projection

(Y "

WV

.

\

0.299

—0.1473

0.615

0.587  0.114 \(R)
028886 0436 || G
051499 —0.10001)\ B,

8.2998

-B8.1473

8.6150

7rank({fA)

3

a.5878 8.1148

-8.2889 8.43608
-8.5158 -08.10088

Rank =3
Y'UV is a linear transform of RGB

Robotics
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5 Texture Mapping in OpenGL
with lib2
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New uVertex class
for Texture Mapping (UV mapping)

 uVertex in lib2

{/ Texture Mapping

{
public:
uVertex () {1}
public:
uVector w;
uvVector n;
struct

{

float u,v;

-y

class uVertex // Position(32), normal(3),

v

E:.

Robotics

1 tx; (0,1)
bi
n
O f f K}D igf

Three © Three Three
Points t Normals X UVs for

N é Image
O s position




uTexture for Image Loading

uTexture: :uTexture ()

I olaza uTexture
tid= 0;

, {

public:

BOOL uTexture: :Load(char *p) uTexture {}l r

{ ff load image pl‘lblic:
BOOL bRet = img.Load(p); Image BOOL Load (char *);
:!_Ilt W h;__ Ioadlng P'_J_}jl_'i_.:: OpenGL
if (bRet==FALSE) return FALSE; and CLuint tid-
img.BGR2RGE () ; buffering : .| Texture
BYTE *pa — img.GetBuffer(); CImagew 1mg; handle
.'"."' e 3 FIE— | R } ;
o Creace CeXTure Durrer

glGenTextures(l, &tid);
glBindTexture (GL TEXTURE 2D,tid);

glTexParameterf (GL_TEXTURE 2D, GL TEXTURE WRAP S, GL REPEAT);
glTexParameterf (GL TEXTURE 20, GL TEXTURE WRAF T, GL REPEAT);
glTexParameterf (GL_TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR);
glTexParameterf (GL_TEXTURE 2D, GL TEXTURE MIN FILTER,GL LINEAR);

ff 32 bit image
glTexImageZD (GL_TEXTURE 20, 0O, GL_RGBQ,img.w,img.h, 0, GL_RGES, GL_UNSIGNED_BYTE,img.GetBuEfer{}};

glBEindTexture (GL_TEXTURE_ 2D,0);

return bRet;

-



uTexture for Image Loading

uTexture: :uTexture ()
I olaza uTexture

tid= 0; {
1 .
public:
BOOL uTexture::Load({char *p) uTexture () ;
{ . .
{f load image p.ll:ll_'l_-: - N
EOOL bRet = img.Load(p); BCOCTL Load (char *);
int w,h; public:
if (bRet==FLLSE) return FALSE; . C oo
img.BGR2RGE () ; GLuint Fldr
BYTE *pa — img.GetBuffer(); CImagew 1mg;
// create texture buffer Generate i
glGenTextures(l, &tid); texture

glBindTexture (GL TEXTURE 2D,tid);

handle

glTexParameterf (GL_TEXTURE 2D, GL TEXTURE WRAP S, GL REPEAT);
glTexParameterf (GL TEXTURE 20, GL TEXTURE WRAF T, GL REPEAT);
glTexParameterf (GL_TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR);
glTexParameterf (GL_TEXTURE 2D, GL TEXTURE MIN FILTER,GL LINEAR);

ff 32 bit image
glTexImageZD (GL_TEXTURE 20, 0O, GL_RGBQ,img.w,img.h, 0, GL_RGES, GL_UNSIGNED_BYTE,img.GetBuEfer{}};

glBEindTexture (GL_TEXTURE_ 2D,0);

return bRet;

-



uTexture for Image Loading

uTexture: :uTexture ()
I olaza uTexture

tid= 0; {
1 .
public:
BOOL uTexture: :Load|char *p) uTexture () ;
{ _ .
. ublic:
{f load image B .
BOOL bRet = img.Load(p); BOOL Load {':h-ar ::' H
int w,h; public:
if (bRet==FLLSE) return FALSE; ' o
img.BGR2RGE () ; GLuint Fldf
BYTE *pa — img.GetBuffer(); CImagew 1mg;
L }i
// create texture buffer

glGenTextures(l, &tid);
glBindTexture (GL TEXTURE 2D,tid);

glTexParameterf (GL_TEXTURE 2D, GL TEXTURE WRAP S, GL REPEAT); Texture setting
glTexParameterf (GL TEXTURE 20, GL TEXTURE WRAF T, GL REPEAT);
glTexParameterf (GL_TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR);
glTexParameterf (GL_TEXTURE 2D, GL TEXTURE MIN FILTER,GL LINEAR);

ff 32 bit image
glTexImageZD (GL_TEXTURE 20, 0O, GL_RGBQ,img.w,img.h, 0, GL_RGES, GL_UNSIGNED_BYTE,img.GetBuEfer{}};

ngindTexture{GL_TEKTURE_EE,:};

return bRet;

-



uTexture for Image Loading

uTexture: :uTexture ()
I olaza uTexture

tid= 0; {
1 .
public:
BOOL uTexture: :Load|char *p) uTexture () ;
{ _ .
. ublic:
{f load image B .
BOOL bRet = img.Load(p); BOOL Load {':h-ar ::' H
int w,h; public:
if (bRet==FLLSE) return FALSE; ' o
img.BGR2RGE () ; GLuint Fldf
BYTE *pa — img.GetBuffer(); CImagew 1mg;
L }i
// create texture buffer

glGenTextures(l, &tid);
glBindTexture (GL TEXTURE 2D,tid);

glTexParameterf (GL_TEXTURE 2D, GL TEXTURE WRAP S, GL REPEAT);
glTexParameterf (GL TEXTURE 20, GL TEXTURE WRAF T, GL REPEAT);
glTexParameterf (GL_TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR);
glTexParameterf (GL_TEXTURE 2D, GL TEXTURE MIN FILTER,GL LINEAR);

ff 32 bit image
glTexImageZD (GL_TEXTURE 20, 0O, GL_RGBQ,img.w,img.h, 0, GL_RGES, GL_UNSIGNED_BYTE,img.GetBuEfer{}};

ngindTexture{GL_TEKTURE_EE,:};

Copy Image buffer into
return bRet; GPU by handle, tid.

-



uTexture for Image Loading

uTexture: :uTexture ()
I olaza uTexture

tid= 0; {
1 .
public:
BOOL uTexture: :Load|char *p) uTexture () ;
{ _ .
. ublic:
{f load image B .
BOOL bRet = img.Load(p); BOOL Load {':h-ar ::' H
int w,h; public:
if (bRet==FLLSE) return FALSE; ' o
img.BGR2RGE () ; GLuint Fldf
BYTE *pa — img.GetBuffer(); CImagew 1mg;
L }i
// create texture buffer

glGenTextures(l, &tid);
glBindTexture (GL TEXTURE 2D,tid);

glTexParameterf (GL_TEXTURE 2D, GL TEXTURE WRAP S, GL REPEAT);
glTexParameterf (GL TEXTURE 20, GL TEXTURE WRAF T, GL REPEAT);
glTexParameterf (GL_TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR);
glTexParameterf (GL_TEXTURE 2D, GL TEXTURE MIN FILTER,GL LINEAR);

ff 32 bit image
glTexImageZD (GL_TEXTURE 20, 0O, GL_RGBQ,img.w,img.h, 0, GL_RGES, GL_UNSIGNED_BYTE,img.GetBuEfer{}};

glBindTexture (GL_TEXTURE 2D,0); Close Texture handle

return bRet;

-



uWnd and uObj for Texture Mapping

void ulind::Loading() void uObj::MakeBox(float a,float b,float c)

[ {
SetBK(RGB(255,255,255));
m cam.T = m _cam.T.Trans(8,8,-18.5);

Alloc(8,12);

= uVector(9,0,8);
= uVector(a,8,0);
= uVector(a,b,®);
= uVector(®,b,8);
= uVector(B,8,c);
= uVector(a,®,c);
= uVector(a,b,c);
= uVector(B,b,c);

m_sh.Load("PhongTex.vsh","PhongTex.fsh");
m_tx.Load("d4.png");

L
N

= =% < = £ <€ <€ £
|

Load
Image,
d4.png

pVer[8]. tx.
pVer[1].tx.
pVer[2].tx.
pVer[3].tx.
pVer[4].tx.

[

[

[

ha w
[

[
pVer[1].tx.
pVer[2].tx.
[3].tx.
pVer[4]. tx.
[
[
[

haw
haw

s ham
s ham

haw
haw

pVer[5]. tx.
pVer[6].tx.
pVer[7].tx.

pVer[5]. tx.
pVer[6].tx.
pVer[7].tx.

haw haw
haw ham

£ £ E E E E £ £
I

2R3 &3 &
-

haw

o T
I
Lo B wor B S R v B v B

haw

« UV value for MakeBox and MakeCyl

25
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VBO for Texture Mapping

// Texture Mapping
class uVertex // Position(3), normal(3), UV(Z)
{
public:
uVertex () {1}
public:
uvector v; Position: (x,y,z) for 12 bytes
uvector n; Normal: (X,y,z) for 12 bytes
struct
{
float u,v; UV: (u,v) for 8 bytes
botx;
i
Oth Three elements
// call wertex buffer Position (X,y,z)
glEindBuffer{GL_ﬁRRﬁY BEUFFEE o ;
glEnableVertexhttrib
glvertexhAttribPointef (0,3, G} FLOAT, FALSE, sizeof (uVertex), (void¥)0); /f wertex,w
glEnableVertexfAttriblrray(l);
glVertexfhttribPointer (1,2, GL FLOAT, FALSE,sizeocf (uVertex), (void¥*)1l2); /{ normal,n
glEnableVertexhttribhrray (2) ;
glVertexhAttribPointer (2,2, GL FLOAT, FALSE, sizeof (uVertex), (void¥*)24); /{ texture uv



VBO for Texture Mapping

// Texture Mapping
class uVertex // Position(3), normal(3), UV(2)
{
public:

uVertex () {1}
public:

uvector v; Position: (x,y,z) for 12 bytes

uvector niy  Normal: (X,y,z) for 12 bytes

struct

{

£float u,v; UV: (u,v) for 8 bytes

Potx;

bi
1st Three elements After 12 bytes
// call wvertex buffer Normal (x,y,z) from

glEindEuffer{GL_ARR&Y_BUFFER, wa);
glEnableVertexfAttriblrray (0);
glVertexhttribPointer (0,3, GL
glEnableVertexhttribphrray (1)
glVertexfhttribPointef (1,32, G} FLOAT, FALSE, sizeocf (uVertex), (void¥*)1l2); /{ normal,n
glEnableVertexhttriblhrray ;

glVertexhAttribPointer (2,2, GL FLOAT, FALSE, sizeof (uVertex), (void¥*)24); /{ texture uv

Positon X,y,z

OAT, FALSE, sizeof (uVertex) , (volid¥A Q) ; /f wertex,w

27 @
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VBO for Texture Mapping

// Texture Mapping
class uVertex // Position(3), normal(3), UV(2)
{
public:
uVertex () {1}
public:
uVector v; Position: (X,y,z) for 12 bytes
uvector niy  Normal: (X,y,z) for 12 bytes
struct
{
float u,v; UV: (u,v) for 8 bytes
PotE;
bi
After 24 bytes
2nd TWO elements Position(x,y,z)
// call wvertex buffer Textures (u,v) +

glEindEuffer{GL_ARR&Y_BUFFER, wa);
glEnableVertexfAttriblrray (0);
glvertexhAttribPointer (0,3, GL FL#AT, FALSE, sizeof (uVertex), (void¥ /f wertex,w
glEnableVertexfAttribirray(l);
glVertexhAttribPointe
glEnableVertexhttrib
glVertexfhittribPointe

Normal(x,y,z)

/{ normal,n

FLOAT, FALSE, sizeof (uVertex), (void¥*) 24); /{ texture uv

28 =
<



uODbj:.:Draw() for Drawing Texture

class uTexture

J/ call texture _ ;ublic:

if (pCurrentTexture) Bind texture handle  uTexture();

{ pubiie BOOL Load {char *);
glEnable(GL _TEXTURE 2D); public: , ¥
g1BindTexture(GL TEXTURE 2D,pCurrentTexture->tid); e

} e b:

glDrawElements(GL_TRIANGLES, 3*nPoly, GL_UNSIGNED SHORT, (void*)@);

if (pCurrentTexture) _
[ Unbind texture handle

glDisable(GL_TEXTURE_2D);
glBindTexture(GL TEXTURE 2D,8);

29 &=
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UV value Is defined as
Normalized Image Position

* Image pixel coordinate
(x,¥)=(0,0)

(511,511)
* Normalized Position by U and V

(u,v)=(0,0) (1,0)

(0,1) (1,1)
30
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Ex) uGL-20-TextureMapping

« Original Image MakeBox(10,10,1)

4(0,0,¢) y
Uv=(0,1)

pVer[4].v = uector(B,8,c);
pVer[5].v = uVector(a,®,c);
pVer[6].v = uector(a,b,c);

Width=1024 pVer[7].v = uector(B,b,c);

Height=1024
pVer[4].tx.u = 8; pVer[4].tx.v =1;
pVer[5].tx.u =1; pVer[5].tx.v =1;
pVer[6].tx.u =1; pVer[6].tx.v = B; 31 5=
pVer[7].tx.u = 8; pVer[7].tx.v = 8; %!D




Ex) uGL-20-TextureMapping

It looks somewhat Unusual. Why?

1,1
(0,1) 32
(1,1)

“%



UV Tricks
ex) uGL-20-TextureMapping?2

Original

U= 1 at right
U=0.5 at right
pVer[4].tx.u = 8; pVer[4].tx.v =1; pVer[4].tx.u = 8; pVer[4].tx.v = 1;
pVer[5].tx.u =1; pVer[5].tx.v = 1; pVer[5].tx.u = 0.5; pVer[5].tx.v =1;
pVer[6].tx.u = 1]; pVer[6].tx.v = 0; pVer[6].tx.u = 0.5; pVer[6].tx.v = 8;
pVer[7].tx.u = 8; pVer[7].tx.v = 8; pVer[7].tx.u = 8; pVer[7].tx.v = 8; 3 =

“%



Features of Texture Mapping

* Images are wrapped and skewed by UV map
— Use uGL-20-TextureMapping, testG36-big.exe

Long Legs

Skewed examples

S

Camera walking
is based on
Perspective Projection,
Which is
Non Euclidean

\ Transform. / 34

Original

1
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Ex) UV setting ( 24 vertices)
uGL-21-TX-box

N

gew.cpp // Dack
— Back cpp pVer[12].v = uVector(0,b,0); pVer
tor.cpp pVer[13].v = uVector(a,b,0); pVei
Frm.cpp pVer[14].v = uVector(a,b,c); pVe!
TOP x.cpp pVer[15].v = uVector(@,b,c); pVei
. pp pVer[12].tx.u = @8; pVer[12].tx.v =
(Inltla| oc.cpp pVer[13].tx.u = 1; pVer[13].tx.v =
View) iew.cpp pVer[14].tx.u = 1; pVer[14].tx.v =
1.cpp pVer[15].tx.u = @; pVer[15].tx.v =
Front or.cpp pPoly[6].Set(12,14,13);
PP pPoly[7].Set(12,15,14);
cpp
igon.cpp /7 left
Fier.cpp pVer[16].v = uVector(@,b,0); pVel
Left t‘irfcc;;p pVer[17].v = uVector(0,0,0); pVel
e v s s
Jlass View 100% ~| 4

35
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Special Point of OpenGL Texture
« Keep in your mind.

« Every Dimension of OpenGL Texture MUST be
power of 2.
— D4.png, width and height =512=2"9
— G36.png, width and height = 1024 = 2710

« Texture with width = 512 and height=1024 is also
Good.

36
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Robotics

Meaning of that
Vertices in a Polygon are NOT Duplicated

« Each Polygon has its own vertices.
— UV mappings and Normal vectors are not used for other polygon

« Important features for Shading and UV Mapping
— Flat and Gouraud shadings require Independent Normal Vectors
— UV mapping also requires their own vertices for polyogns

AV AY

Duplicated vertex NON-Duplicated vertex 37 f—:
=




Robotics

Meaning of that
Vertices in a Polygon are NOT Duplicated
ex) uGL-47-Morgan-Prof 1 and 2

U=U +0.01
3& ‘M e
of ;; &V g‘y ,
. A ..

338
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Dynamic Drawing
(Dynamic Vertex in OpenGL)

rrrrrrrrr



OpenGL has
Two Types for Object Building in GPU

 Static Mode
— Data with vertex and element(face) are INVARIANT

glEindBuffer (GL_ARERAY BUFFER, v3);
glBufferData (GL ARRAY BUFFER, zizeof (uVertex)* nVer, pVer, GL STATIC DRAW) ;

* Dynamic Mode
— Data with vertex and element are Varying.

glBindBuffer (GL_ARRAY BUFFER, v=);
if (bStatic) glBufferData (GL ARRAY BUFFER, sizeof (uVertex)* nVer, pVer, GL STATIC DRZ&W);
elae glBufferData (GL ARRAY BUFFER, zizeof (uVertex)* nVer, pVer, GL DYNAMIC DERAW) ;

— Update again with modified vertex (ReUpdate())

vold uCb]::ReUpdate ()
{

glBindBuffer (GL_ARRAY BUFFER, wvs);
glBufferSubData (GL ARRAY EBUFFER, 0O, zizeof (uVertex)* nVer, pVer); 40 ~—
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Robotics

Concept of Dynamic Vertex

e Static Mode

 Dynamic Mode

Update() GPU
glBufferData Fixed
pVer > GPU Vertex memory
H > H
pVer[0].v=... Update is Not possible

Update() _ _ GpPU i
glBufferData | |
pVer > GPU Vertex memory

L o |
H > H
I~ < ~ - pVeI‘[O] V=
/ 7 V= _ _
I / glBufferSubData ReUpdate is Possible

» Rendering
» Rendering
41 o=
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Ex) uGL-22-TX-Dynamic

« Use wallpaper.png(32bit)

« What's wrong?  Normal vector must be changed,, .
S



Change of Normal Vector
In Dynamic Mode
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