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Today’s Topic
ow to play with images (load, display,
d write)?

ow to map screen to world and world to
reen?
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Screen Space

In today’s world, graphics are
generally presented by (0.0
establishing colors for a set of

discrete samples called “pixels”

(width-1,0)

Pixels are displayed on screen in
windows

Logically, pixels are addressed as
two-dimensional arrays, whose

indices are called “Screen-space” ;
coordinates (0,height-1) (width-1,height-1)
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OpenGL Tools Available

ical OpenGL code to establish a window:

utlnitWindowSize(400,400);
utlnitWindowPosition(100,100);

le to set up a viewport:
iewport(0, 0, (GLsizei) w, (GLsizei) h);

Lovveur l‘n%
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rom screen coordinate to world

>ame approach

width 1—-(—
solve for x

width

. S X — S OX Sereen.Ox :
width

one
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Beyond [-1, 1]: A Bigger World

establish a world space coordinate system:

10rtho2D(world.l, world.r, world.b, world.t);

Sx-S0x x-Wl
width ~ W.or-Wl

S.x—S.0x
X=W.r-W.FH* +
W ) width

W.l

ow do we get S.x? How do we get S.Ox? How
do we get width? Why do we need it?

esizing, multiple viewports, etc.
o]Getlntegerv(GL VIEWPORT, viewport);

: 1 'E ll%
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Normalized Device Coordinates

* Rather than construct a single mapping from
world-to-screen, we will instead introduce an
intermediate “rendering-space” and compose this

WO m 1Ngs.
two mappings -0l x

* This “rendering-space” is
what we’ve been using a our
default to this point.

* This space is called Normalized
Device Coordinates (NDC)

e Sometimes called

“canonical screen” space

e N
Conevrer )
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Why introduce NDC?

Easy to convert NDC to a fixed-point
representation. Why?

Simplifies many rendering operations and
makes them more amenable toa H/W
implementation (Clipping, Computing
coefficients used in interpolation)
Separates the bulk of geometric processing
from the specifics of rasterization
(sampling)
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World to Screen: Rendering
a World to NDC mapping:

e know
-(-1) Wx-W1
-(1) Wr-wil "

oWX-WI i

T Wr - W
Xx=A*Wx+B 1 :

World.left :
\, /That’sjust a Linear Mapping. orid.le World.right
? We know of a compact notation for such
A\ mappings

ere.
Al 2 o Wr+wl
Wr — Wi Wr — Wi

Coreuvry ll%
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Mapping as a Matrix
Multiplication

since our world space to rendering space

appings are linear, they can be

2

W.t -W.b

0

Lecture 3

iccomplished via a matrix multiplication

Wir-+ Wi 7
—wirwi || YVX
W.t +Wb
—witwa || YWY
1 1

2/17/2015
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rom NDC to screen coordinates

>ame approach

Sx-S.0x x—(-0)
width ~ 1-(-) ™
s0lve for S.x e
5.x = X width + S.Ox o
Sx=Ax +B i |
here | |
A= Wdth g width o 5y

2
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apping from world to screen

he NDC-to-screen mapping “could” be implemented as a
natrix transform, but, generally, it is not (dedicated
ardware) Window System: (0,p)
— World-to-NDC floating point
— NDC-to-screen fixed-point

Graphics System: (0,0

nserts an opportunity to compensate for differences in
oordinate frames

DpenGL provides a lot of helpful tools, but not enough.
e often need to construct a screen-to-world mapping
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Screen-to-World in Practice

nitialize( )

iewport(0, 0, (GLsizei) w, (GLsizei) h); // NDC-to-screen mapping
atrixMode(GL_PROJECTION); // specify camera model
oadIdentity();

Ortho2D(world.l, world.r, world.b, world.t); // World-to-NDC
apping

atrixMode(GL_MODELVIEW); // specify object transformation
oadIdentity();

etIntegerv(GL_VIEWPORT, viewport); // squirrel away for later
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he “GLUTSs"” of the program

int argc, char** argv)

= 256, h = 256;

it(&argc, argv); // gives GLUT a shot at the command-line arguments
itDisplayMode(GLUT_SINGLE | GLUT_RGB);

itWindowSize(w,h);

itWindowPosition(100,100);

reateWindow(“Image Viewer"); // Set’s the text on the Title Bar

JisplayFunc(display); // routine used to draw the screen
ouseFunc(onMouseButton); // routine used to process mouse
eyboardFunc(onKeyPress); // routine used to process keyboard presses
eshapeFunc(resize); / / routine that resets viewport on a resize event
lize();
ainLoop();

// user routine to initialize state
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ots of global variables and classes

(and an old Friend)
M0penGLimage: void ImageWindow::Init( int w, int h, Extent world)
5 ImageWindow; { e P
def struct { height = h
double |, 1, b, t; glViewport(0, 0, w, h);
ent; glMatrixMode(GL_PROJECTION);

glLoadldentity();
ntworld ={-1, 1, -1, 1}; gluOrtho2D(world.l, world.r, world.b, world.t);
t viewport[4]; glMatrixMode(GL_MODELVIEW);

glLoadldentity();
display() { glGetintegerv(GL_VIEWPORT, viewport);
g_win->Draw(); if (firstTime) {
tPostRedisplay(); glEnable(GL_TEXTURE_2D);
glGenTextures(MAX IMAGES,
image Textures);

firstTime = false;

onen :mt% }
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Initialize

xecuted before any other OpenGL calls, called

hen major Changes OCCUr:
void initialize()

{
glMatrixMode(GL_PROJECTION);

glLoadldentity();

gluOrtho2D(world.l, world.r, world.b, world.t);
glMatrixMode(GL_MODELVIEW);
glLoadldentity();
glGetintegerv(GL_VIEWPORT, viewport);

}
ote: by default GLUT set’s up a viewport, we
nly need to mess with it if the window size
hanges.

W)
PHICS Lecture 3 2/17/2015
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An Updated Old Friend

void ImageWindow::Draw() {
glClearColor(0, 0, 0, 1);
glClear( GL_COLOR_BUFFER_BIT );
for (inti=0; i< nextTexID; i++) {
imagelList[i]->draw( );
}

glutSwapBuffers();
}

Lecture 3 2/17/2015
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Texture Map the Quad

void OpenGLImage::draw() {

/I Clear the transformation matrix and load the new one:
glLoadldentity();

updateXform();

glLoadMatrixd(glMatrix_);

// Bind the texture associated with this QUAD
glBindTexture(GL_TEXTURE_2D, texturelD );

// Draw the QUAD: specify texture coordinates for each vertex
glBegin(GL_QUADS); {

glTexCoord2d(0, 0);

glVertex2d(-1,-1);

glTexCoord2d(((double)width_-1)/texWidth_, 0);

glVertex2d(1, -1);

glTexCoord2d(((double)width _-1)/texWidth_, ((double)height_-1)/texHeight );

glVertex2d(1, 1);

glTexCoord2d(0, ((double)height -1)/texHeight );

glVertex2d(-1, 1);

ies Lecture 3 2/17/2015

18



Recap all the GLUT stuft

void main(int argc, char** argv)

{
glutlnit(&argc, argv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowSize(400,400);
glutInitWindowPosition(100,100);
glutCreateWindow("Julia Set (a.k.a. Whoville)");
glutDisplayFunc(display);
glutMouseFunc(onMouseButton);
glutKeyboardFunc(onKeyPress);
glutReshapeFunc(resize);

initialize();
c.re =0.109; c.im = 0.603;
glutMainLoop();
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Stepl:
Loading Image Using CxImage

\ n API for image i{nt readFileCxImage (const char *filenamel, int &width, int &height)

string ext = FindExtension(string(filenamel));

9 ading/ Writing/ p if (ext == *") return FALSE,

int type = FindType (ext);

OCeSSing CxImage * image = new CxImage 0

image—>Load (filenamel, type);
FfInitialize the image info structure and read an image.

L]
Ou Wlll need that Ff Set the data size to accomodate thiz new image.
width = image—GetWidth();
Or yo r 1st height = image—HGetHeight ();
J Ff Thizs iz the method for reading pixels that compiles and works,
SSlgnment Ff az opposed to GetImagePixels or GetOneFixel, which wouldn t compile.

if [ file_data )
delete [] file_data;

tore an image aS file_data = new GLubyte[width#height#3];

ffElip rgb and toph
* for (unzigmed int j=0; j<height; j++) {
n array O plxe S for (unsigned int i=0; i < width; i+ |
Jf 0 data ranges 0 to 256
. Jf Swap data wertically, to match WM conwvention
What a-re plxels?) file_data[jewidth#3+i%3+0]= image-GetFixelColor (i, height - j) rzbRed;
. file_datal[jwwidth#3+i#3+1]= image—GetPixelColor (i, height - j). rgbGreen;
file_datal[j#width#3+i*3+2]= image—A7etFixelColor (i, height — j). rgbBElue;
1

1

return 0O,
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How to Display an Image?

oad the image
Use C++ packages like CxImage
hat is an Image?

An image is an array of pixels
Each pixel has Red

Blue

pixel[0]

width = 40;
height = 8;

pixel[280] pixel[319]
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Step 2: Displaying

Method 1: OpenGL Imagin
glDrawPixels() - WII:') s

the framebuffer

glReadPixels() - Reads an region of the
framebuffer into an array of pixels in main
memory

glCopyPixels() - Copies a region from one
part of the framebuffer to another

glRasterPos*() - Sets the current drawing
position for glDrawPixels() and destination
position of glCopyPixels()

1
Con UTE n‘
RESE LN LTS Lecture 3 2/17/2015

ites an array of pixels to

22



Method 2: Texture Mapping

irst, draw a quad

=2 ImageVYiewer

second, texture map
he quad with an
age
ow?
— Generate a texture
— Enable GL_TEXTURE

— Specity texture/vertex
correspondences

— Call glVertex()

Cox "
FRAPHICS Lecture 3 2/17/2015
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What is Texture Mapping?

Spatially-varying modification of

surface appearance at the pixel level
haracteristics

- Color

— Shininess

— Transparency

— Bumpiness

- Etc.

Sprite when on image-aligned polygon

-
T Lecture 3
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Texture mapping applications:
Billboards

Lecture 3



J)penGL: Texture coordinates at vertices

To draw textured shape, texturing must first be enabled:
glEnable(GL _TEXTURE_2D)

Designate texture image with gl TexImage2D()

—  Width, height must be powers of 2 (plus 2 if border is used)

—  Only one texture current; faster to change textures by preloading
all el:lnd switching with gIBindTexture() rather than reloading
each time

Assign texture coordinates (S, 1) to vertices with
gl TexCoord()

—  Similar to glColor() command —sets a property for
subsequent vertices that holds until it is changed

To be able to use glColor(), texturing must be disabled:
glDisable(GL_TEXTURE 2D)

mn‘
.
R Lecture 3



OpenGL: Corresponder
JITexImage2D() designates entire texture
mage

all gl TexSubImage2D()to specify an

ffset and width, height parameters to use
nly part of texture image

Lecture 3



Corresponder function

Maps from (U, V) to texture image coordinates
(S, t) in units of pixels

(U, V) in range [0, 1] are displayed;

corresponder decides:

— What part of texture image this references (all
or only part) (0, 1) (1, 1)
- Wrapping: How to handle values  outs
[0, 1]
(including negative)
. (0, 0) (1, 0)
: for example, a 256 x 256

texture image
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Corresponder function

Maps from (U, V) to texture image coordinates
(S, t) in units of pixels

(U, V) in range [0, 1] are displayed;
corresponder decides:

— What part of texture image this references (all
or only part)

- Wrapping: How to handle values
[0, 1]

including negative

| (0, 0) (1, 0)
Convvuren for example, a 256 x 256

texture image
Lecture 3 .




Wrapping modes

repeat: Start entire texture over (0, 3) @&

2 ®(3, 3)

G,
G
(

B
¢,
B
¢,
1)
( B,

B
(.

1)
(5

aa
mirror: Flip copy of texturein (0, 0) 8=~
each direction :

— Get continuity of pattern

®(3,0)

1)

B
B
B,
5N
p)

a2

| 2
AR ) (

D/ (

|
B A

| NIC |
IR |

(
(
(

clamp to edge: Extend texture
edge pixels

clamp to border: Surround with
border color

< I‘] “%
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OpenGL: Border handling

Set with gl TexParameter (GL_TEXTURE_2D,
pname, params), where:
— pname

e GL_TEXTURE_WRAP_S, GL_TEXTURE WRAP T
e GL_TEXTURE_BORDER_ COLOR

— params
e GL_CLAMP
e GL_ CLAMP_TO_EDGE
e GL_REPEAT
e [r, g, b, alpha]

Default is to repeat; default border color in
L CLAMP modeis (0O, 0, O, 0)

Cone *m%
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How can we see more?

Jur world view only
llows us to see so =2 jmageViewer
nuch

e need to define a
napping from our
lesired world view to
Yur screen.
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Speaking of Mouse Click

ouseButton(int button, int state, int x, int y) {
mouseX, mouseY,
dx, dy;

on == GLUT _LEFT_BUTTON) && (state == GLUT_DOWN)){
seX = xScreenToWorld(x);

seY = yScreenToWorld(y);

(world.r - world.l)/4;

(world.t - world.b)/4;

d.| = mouseX - dx;
BB ouseX + dx: f’ if ((button == GLUT_RIGHT_BUTTON) && (state == GLUT_DOWN))

d.b = mouseY - dy; { mouseX = xScreenToWorld(x);
d.t = mouseY + dy; mouseY = yScreenToWorld(y);
lize(); dx = (world.r - world.l);
lay(): dy = (world.t - world.b);

1 world.l = mouseX - dx;
world.r = mouseX + dx;
world.b = mouseY - dy;
world.t = mouseY + dy;
initialize();
display();
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Screen-to-World Mapping

ble xScreenToWorld(int x) {

eturn ((world.r - world.l) * (x - viewport[0]) / viewport[2]) + world.l;

&
¢

That sure was a lot
of lecture for so
little code!

Corveurn Il%
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hanges

Half of the
new width is
added and
subtracted
from the
world’s center

{

Speaking of Resize

esize gets called when the window size

void resize(int w, int h)

double |, r;

glViewport(0, 0, (GLsizei) w, (GLsizei) h);
glMatrixMode(GL_PROJECTION);

glLoadldentity();

| = 0.5%(world.r + world.l) - (0.5*(world.t - world.b)*w)/h;
r = 0.5%(world.r + world.l) + (0.5*(world.t - world.b)*w)/h;
world.l = 1;

world.r =r;

gluOrtho2D(world.l, world.r, world.b, world.t);
glMatrixMode(GL_MODELVIEW);

glLoadldentity();

glGetintegerv(GL_VIEWPORT, viewport);

Lecture 3 2/17/2015
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Why didn’t he show us
yScreenToWorld()?

He's lazy, and was running out time
preparing the lecture

There must be some trick

He’s probably going to put something like
it on a quiz at some point

All of the above

Conre
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How does the world’s width

change on a left mouse click?

Hlnt dx = (world.r - world.1)/4;
dy = (world.t - world.b)/4;

world.l = mouseX - dx;

world.r = mouseX + dx;
world.b = mouseY - dy;
world.t = mouseY + dy;

It's a quarter of original window’s size
It's half of original window’s size

[t’s unrelated to the original windows size
This code will never work

C DM f'f'fl'] li%
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Next Time

’D Graphics and Imaging in OpenGL

C L R%
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