CS 4731: Computer Graphics
Lecture 5: Tiling, Zooming and 2D Clipping

Emmanuel Agu




Applications of W-to-V Mapping

= W-to-V Applications:
m Zooming: in on a portion of object
m Tiling: W-to-V in loop, adjacent viewports
m Flipping drawings
m Mapping different window and viewport aspect ratios
(W/H)




Tiling: Example 3.2.4 of Hill (pg. 100)

m Problem: want to tile dino.dat in 5x5 across screen

m Code:
/] set world w ndow

gl uOtho2D(0, 640.0, 0, 440.0);

for(int i=0;i < 5;i++)

{
fed@it i i iz 1B KL ol LD
{ [/ .. now set viewport in a | oop
gl Viewport (i * 64, j * 44; 64, 44);
dr awPol yl i neFi | e( di no. dat) ;
}




Zooming

m Problem:
m dino.dat is currently drawn on entire screen.
m User wants to zoom into just the head

m Specifies selection by clicking top-left and bottom-right
corners




Recall: Mouse Accepting User ClickseExample

voi d nyMouse(int button, int state, int x, int vy)
{
static G.intPoint corner[2];
static int nunCorners = 0; // initial value is O
| f (button == GLUT_LEFT BUTTON &&
state == G.UT_DOMWN

corner[ nunCorners].x = X;
corner[ nunCorners].y = screenHeight — vy; //flip y coord
nuNCor ner s++;




Recall: Mouse Example (Continued)

| f (nunCor ners == 2)

{
[/ draw rectangle or do whatever you planned to do
gl Recti (corner[0].x, corner[0].y
corner[1].x, corner[1l].y);
nunCor ners ==
}

el se if(button == GLUT_RI GHT _BUTTON &&
state == G.UT_DOWN)
gldear(G_COLCR BUFFER BIT); // clear the w ndow
gl Fl ush( );




glamhH e , X = Ax - (A(W.L)-V.L)
mapping A S = By - (B(W.B)-V.B)
Zooming

Step 1 : Calculate mapping A, that maps

dino.dat (world window) to viewport Viewport

World window my first attempt
A
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A’

Step 2: Calculate reverse mapping A’ of current
viewport back to the entire world window (dino.dat)




glamhH e , X = Ax - (A(W.L)-V.L)
mapping A S = By - (B(W.B)-V.B)
Zooming

Step 3 : Program accepts two

mouse clicks as rectangle corners :
Viewport

World window my first attempt
A

2L 7B

A
Step 4: Use mapping A’ to refer

selected screen rectangle to world Step 5: Call gluOrtho2D on
smaller rectangle




Zooming

m Zooming (pseudocode):

1.

Cal cul ate mapping A of fromworld (entire dino.dat)
to current viewport

Derive reverse mapping A fromviewort to world

Program accepts two nouse clicks as rectangl e
corners

Use mapping A to refer screen rectangle to world

Sets world to smaller world rectangle (gl uGrt ho2D on
sel ected rectangle in world coordi nates)

Remaps small rectangle in world to screen viewport




What if Window and Viewport have different
Aspect Ratios?

m Aspect ratio: is ratio R = Width/Height
= What if window and viewport have different aspect ratios?

m |If different, two possible cases:
m Case A (R>=W/H): map a wide window to a tall viewport?

Aspect ratio R @

Viewport

Window
glOtho(left, right, bottom top ); \ 4
R=(right — left)/(top — bottom;: < q{
(R > WH) W

gl Viewport (0, 0, W WR);




What if Window and Viewport have different
Aspect Ratios?

m Case B (R < W/H): map a tall window to a wide viewport?

Viewport
A
Aspect <:>
ratio R HR H
< >
v
< >
Window W

glOtho(left, right, bottom top );
R= (right — left)/(top — botton;
|f(R < WH)

gl Viewport (0, 0, H*R, H);




reshape( ) function that maintains aspect
ratio

[/ glOtho(left, right, bottom top )is done previously,
[/ probably in your draw function

[/ function assunes variables left, right, top and bottom
/| are declared and updated gl obally

voi d nyReshape(double W double H){
R=(right — left)/(top — bottom;

i f(R > WH)
gl Viewport (0, 0, W WR);
else if(R < WH)
gl Vi ewport (0, 0, HR H);
el se
gl Viewport (0, 0, W H); [/ equal aspect ratios




Cohen-Sutherland Clipping

m Frequently want to view only a portion of the picture

m For instance, in dino.dat, you can select to view/zoom In
on only the dinosaur’s head

m Clipping: eliminate portions not selected

m OpenGL automatically clips for you

m We want algorithm for clipping

m Classical algorithm: Cohen-Sutherland Clipping

m Picture has 1000s of segments : efficiency is important




Clipping Points

m Determine whether a point
(Xmax, ymax) (x,y) is inside or outside of
the world window?

Py If (xmin <= X <= xmax)
and (ymin <=y <= ymax)

then the point (X,y) is inside

(Xmin, ymin) else the point is outside




Clipping Lines

/ (Xmax, ymax)

/

1

3

(Xmin, ymin)

m 3 cases:
m Case 1: All of line in
m Case 2: All of line out
m Case 3: Part in, part out




Clipping Lines: Trivial Accept

m Case 1: All of line in
m Test line endpoints:

(Xmax, Ymax)

T Xmin <= P1.x, P2.x <= Xmax
and
Ymin <= Pl.y, P2.y <= Ymax

m Note: simply comparing X,y
_ _ values of endpoints to X,y
(Xmin, Ymin) values of rectangle

m Result: trivially accept.
m Draw line in completely




Clipping Lines: Trivial Reject

m Case 2: All of line out
m Test line endpoints:

pL. _—
" pl.x, p2.x <= Xmin OR
" pl.x, p2.x >= Xmax OR
" pl.y, p2.y <=ymin OR
= pl.y, p2.y >= ymax
p2 - m Note: simply comparing X,y

values of endpoints to X,y
values of rectangle

m Result: trivially reject.
m Don’t draw line in




Clipping Lines: Non-Trivial Cases

pl delx

dely  delx

dely

Case 3: Part in, part out

Two variations:
s One point in, other out
m Both points out, but part of

line cuts through viewport

Need to find inside segments

Use similar triangles to figure
out length of inside segments




Clipping Lines: Calculation example

m If chopping window has

p2 (left, right, bottom, top) =
/ ﬁ (30, 220, 50, 240), what happens when
/ the following lines are chopped?
/ € dely
/ i — SV m (a) pl = (40,140), p2 = (100, 200)
P elx
m (b) p1 = (20,10), p2 = (20, 200)
d e

dely del x = (c) pl = (100,180), p2 = (200, 250)




Cohen-Sutherland pseudocode (fig. 3.21)

I nt clipSegnment (Poi nt2& pl, Point2& p2, Real Rect W
{
do{
I f(trivial accept) return 1; // whole |line survives
if(trivial reject) return O; // no portion survives
/'l now chop
| f(pl is outside)
[/ find surviving segnent
{
1f(pl is to the left) chop against |eft edge
else if(plis to the right) chop against right edge
else if(pl is below) chop agai nst the bottom edge
else if(pl is above) chop against the top edge




Cohen-Sutherland pseudocode (fig. 3.23)

else // p2 is outside
[/ find surviving segnent

{
1f(p2 is to the left) chop against |eft edge
else if(p2is to right) chop against right edge
else if(p2 is below chop agai nst the bottom edge
else if(p2 is above) chop agai nst the top edge
}

Ywhi | e( 1) :




Cohen-Sutherland Implementation

TTFF |  FTFF
TFFF FFFF
TFFT |  FFFT

Need quick efficient comparisons
to get quick accepts, rejects,
chop

Can use C/C++ bit operations

Breaks space into 4-bit words
m Trivial accept: both FFFF
m Trivial reject: T in same position
m Chop everything else

Systematically chops against four
edges

Important: read Hill 3.3




Remember to read

m Section 3.2.2 on pg. 92 of Hill
m Hill 3.3
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