Viewing Transform and Visible
Surface Determination
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Looking at our world

Now we have models in world coordinates ...
what do we do with them?

Find a plane in the space ... this is called the
projection plane.

Project all the points, lines, etc onto the plane.

Like putting a big sheet of glass in the space and
trying to paint what we see onto the glass.

Ancient idea ... dates back to Renaissance.
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Today ... in Graphics

Viewing transform

How do we get 3D stuff onto a 2D surface like a
monitor?

What if we want to move the camera around?
Describing camera positions.

Converting intuitive descriptions into a matrix.
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Parallel projections

All rays are projected in parallel onto the
projection plane.

Like looking at things from a far way away
through a telescope (so the rays are almost
parallel).
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Matrix for parallel projection

Assume plane of projection is parallel to the xy
plane at z=0.

Then it's like throwing away the z value.

So, matrix is:
1 000
0100
0 00O
0 001
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Parallel projection - pros & cons

All objects appear the same size - far away and
close.

Looks pretty unnatural
See Nate's projection tutor.
Computationally simple ... no division.

Don't even need matrix, just look at x and vy.
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Diagram
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Note: Window->Viewport

Just as in the 2D case, we still have to do the
window to viewport transform.

Only difference is that the window is somewhere
on the projection plane.

Can use the same window to viewport
transformation as we did for the 2D case.
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2D and 3D?

When you do 2D stuff, you use this projection as
well.

Parallel projection useful for CAD/Architectural
work, but appearance is unrealistic.

COMP3421: Comp Graphics - Viewing Slide 9

File: /home/lambert/graphics/slides/view/COMP3421-view.odp

Diagram

+Z axis

Projection plane

Figure 7. Perspective projection.
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So ... what's the alternative?

Perspective projection

A realistic model.

Again we have a screen ... but the projectors do
not project in parallel, they project to a point
where your eye goes.

When doing perspective projection manually,
parallel lines meet at vanishing points.
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What is the matrix for perspective
transform?

Assumptions: Projection plane is at z=0, eye is at
z=-d.

Use similar triangles.

Proof: OHP 1 0 0 0
Final answer 0100
0 0 0O
1
0 0 =1
d
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Perspective ... weird!

Matrix looks a little strange .... doesn't it? What's
this 1/d in the bottom corner?

Unusual matrix.

Means we need to do division on every point.
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Camera positioning

Before we assumed the camera was at z=-d with
projection plane at z=0.

But sometimes we want the camera to be
elsewhere!

How do we do this?
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Viewing transform: WARNING

Probably the most difficult part of the course, so
I'll take my time.

Try to pay attention.
Important to understand.
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Have we done this before?

Last week, we studied modeling transform, which
given UVN coordinates allows us to convert to
XYZ coordinates.

Can think of camera as having its own coordinate
system.

We need to map things into the camera'’s
coordinate system.
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Diagram

UVN is camera space.

What are coordinates
of p in UVN space,
given coordinates in
XYZ space?

Plane of projection is
uVv.

View is along N.
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Opposite of what we did before!!

Modeling: Given UVN basis, can we transform
coordinates in UVN space to XYZ space?

Viewing: Given UVN basis, can we transform
coordinates from XYZ space to UVN space?

In other words, this is the exact opposite of the
modeling transform.
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How we want it.

We want UV to be like
the XY plane in our
simple mapping.

We want N to point
towards us from the
object we're looking at.

Look at camscene.wrl
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if we know the matrix for modeling

what is matrix

If modeling transform is MXYZ<-UVN’

N P
for viewing transform M = *

We know it would undo M, to produce the

identity matrix |, since we'd expect:
Miunexvz MyyzeomP = P for all p.

Hence M =1, since l.p = p for all p.

.M
UVN<XYZ™ " XYZ<-UVN

nexyz IS called the inverse of M
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Inverses.

We say:

1

UVN<-XYZ MXYZ<-UVN

The inverse of a matrix A, A is the matrix so
that:
ALA =
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So ... what's the trick?

We break it into two matrices - a translation and
a change of basis:

u, v. n. O1 1 0 0 O][u, v, n, O
w, v, n, O/_|10 1 0 Offu, v, n, O
u, v, n, O [0 O 1 O|u, v, n, O
0 0 0 1 0 00 1JJ0 0 0 1
M,vz<om To B
UVN<-XYZ = MXYZ<-UVN_1 = Buvn_l'To_l
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Uh oh ...

How can we work out the inverse?

In general it's a pain.

In some cases, the inverse doesn't even exist!
(Example: projection).

But in this case ... can we pull a trick?

Yes, if we assume that UVN is an orthonormal
basis!

Hint: (A.B)* =B*.A"
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Great! Now we have two problems
instead of one!

What now?

Inverse of T is easy: T |
Inverse of B ? It's the transpose!!

Proof -> OHP.

So finally: M =B, "T,.

UVN<-XYZ n

In other words, the vector with the basis as rows,
rather than columns, plus offset.
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So what?

This allows us to convert from XYZ coordinates
to UVN coordinates.

And this means all we need to specify to move
the camera around is the basis UVN.

So now we can put the camera anywhere we
like.

In fact we can animate camera movement ... SO
we can do fly-throughs and stuff like that.
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What we need

A point in space where the camera is. Called the
view reference point (VRP).

A vector telling us which way the camera is
pointing ... i.e. what direction the n axis should
be. Called the view plane normal (VPN).

A vector indicating which way is up (since | can
rotate the camera about the n axis) (VUP).

DEMO - whatwewant.wrl
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Natural ways to define camera
positions

Defining UVN isn't a natural way to say where a
camera is.

What information do we need to define a
camera's location and orientation?

Think ...
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Diagram
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How do | form a basis from this
info?

We want this to work out in the following way:
We want the VPN to be parallel with n.
We want u to be perpendicular Vup and VPN
We want v to be perpendicular to both u and n.

Look at whatwewant.wrl

AN
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What's next?

Could either work out u or v next.

We'll work out u.
u is orthogonal to Vup and VPN and hence:
= Vup < VPN
Vup < VPN

once normalised.
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Finding Basis - n

Want VPN to be same direction n.

To be orthonormal, must be unit vector

_ VPN
n —_

VPN
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Finally v

Third basis vector is always easy to work out.

Take cross product of other two.

_nXu
nxu

Trick: cross product of two orthonormals is also
orthonormal. Hence: v=nxuy
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Example Timel!

Consider isometric projection.

Some of you may recall from Engineering
Science or Tech Drawing.

VRP: (5, 5, 5).
VPN: (1, 1, 1).
Vup: (0, 1, 0).
What is the matrix?
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Visible surface determination

We'll postpone doing this in OpenGL for a little
while ... until we've covered visible surface
determination, since OpenGL "hacks" things a
little.

Visible surface determination: What can we see,
what can't we see, what can we avoid wasting
time drawing unnecessatrily?
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Choosing a window

Window is now on the UV plane.

Note that (0,0,0) ,, need not be the centre of the
window, though it frequently is.
One way:

Specifyu v _,u v

min * “min ’ “max ' max
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So now ... visible surface
determination

What can we see?

In 2D ... easy!!
Just clip lines + polygons against the window.
In 3D? Not so easy. Need

Back face culling

Clipping
Which polygon is in front?
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Clipping

What: Remove all polygons that, given our
projection, can not be seen. Why? To reduce
number of polygons.

Clip against view volume: the part of 3D space
that we can see.

2D clip window defines four sides.
We just add a near and far clipping plane.
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Clipping with perspective
projection

Clip against six planes ....

Top, Bottom, Left, Right, Near and
Far clipping planes.

Still gives back a polygon
Basically the same as 2D
clipping, just clip six times
instead of four.

lookat viewvolpersp.wrl
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Why use near and far clipping
plane?

Well, nothing mathematically to stop us seeing
what's behind us ....

Stops object from coming "too close” to eye.

Allows to impose a maximum and a minimum
value on the z-value of any point ... important for
z-buffer later.
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Clipping with parallel projection

Even easier than parallel projection, since once
things are in UVN space, it's easy.

lookat viewvolpar.wrl
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Assumption

We will for now assume that all objects are
described as polygons.

See R2D2 model

COMP3421: Comp Graphics - Viewing Slide 41

File: /home/lambert/graphics/slides/view/COMP3421-view.odp

Back face culling

Remember: Only draw one "side" of the polygon.

So ... what if the polygon is facing away from us?
No need to draw it.

But ... what does "facing away" mean?

Look at backface.wrl
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Overview: The Rendering Process

Viewing
Transform
% Projection

Modeling
Transform

Visible
—| Surface
Determination
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Answer:

If angle between normal and View Plane Normal
(VPN) is more than 90 degrees ... then the back
of the object is facing us ... so throw it away!

How can we work out if angle is > 907?

Use dot product. If dot product < 0, angle is > 90.
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Example: Cube

Parallel view of cube.

Note: Don't need to do this for assignment.

Exercise: What is the maximum number of sides
we could possibly see?
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Approach 1: Sort the polygons

Most obvious approach.

Very simple
Sort polygons by decreasing z (i.e. from farthest to
closest).
Draw polygons from greatest z (furthest away) to least
z (closest).
So the last polygon drawn (and the polygon that
remains) is the closest to us.
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The third part ... polygon sorting

We started with a list of polygons.

Now we've eliminated:
Polygons that are outside the viewing area.
Polygons that are not facing towards us.

But there is still one problem left: polygons can
obscure other polygons!!
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Polygon sorting

Algorithm is known as: painter's algorithm or
depth sorting.

lookat ds-*.wrl
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But wait

This works most of the time ...

But things can get messy because polygons can
overlap in z value.

How to fix?
Sometimes, have to split polygons.
Some examples -> anims.

Doing it correctly is tricky and slow.
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Basic ldea

Reminder: Polygons have a normal.

Take each polygon and consider the plane the
polygon is in.

This plane partitions the space into two
subspaces:

In front of the polygon.
Behind the polygon.
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Approach 2: BSP Trees

BSP = Binary Space Patrtitioning

Partitioning: Breaks things.
Space: This case - 3D space.
Binary: In two.

Splitting the world into two parts.
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Polygons partition space

\
\
\
\
\
Behind polygon
In front of polygon
\
\
\
. . \
Side view N
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What if we ...

We could repeat the process to subdivide the
space.

Pick another polygon in front, say.

Then repeat to subdivide the space in front of the
first polygon.

Would end up with a tree.
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Making a tree.

Say we have 5 polygons. How to make BSP
tree?
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A BSP tree

Like binary search trees.
Each node has:

A polygon (and its normal).
Two child BSP trees:
Front: All polygons in front of the polygon at the node.

Back: All polygons behind the polygon at the node.
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The algorithm

public class BSPTree {

Polygon p;

BSPTree front;

BSPTree back;

public static BSPTree MakeBSP(PolygonList pl){
BSPTree retval;
retval.p = a random polygon from pl;
PolygonList inFront = pl.selectinFrontOf(p);
PolygonList behind = pl.selectBehind(p);
if(linFront.empty()) retval.front = MakeBSP(inFront);
if(!behind.empty())retval.behind = MakeBSP (behind);
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But what use is it?

Big deal! We have a BSP tree.
What use is it?

We can use it to work out drawing order!
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Drawing order

IF I am in front of the polygon:
Draw what's behind the polygon.
Draw the polygon.

Draw what's in front of the polygon.

IF I am behind the polygon:
Draw what's in front of the polygon.
Draw the polygon.

Draw what's in behind the polygon
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Drawing algorithm

if(m != null){
if(m.p.inFront(myPos)){
/I'1f 1 am in front of the polygon at this node...
drawBSP(m.behind,myPos);
draw(m.p);
drawBSP(m.front,myPos);

else { // We must be behind the polygon at this node.
drawBSP(m.front,myPos);
draw(m.p);
drawBSP(m.behind,myPos);
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Some more detail ...

Few more issues with BSP trees.

Issues:
Splits
Changing polygon positions.
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Splitting polygons

What if one of the planes cuts another polygon?
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Bad BSP trees

If we choose a bad root node, then we'll get
many splits.

Bad! May have to split polygons many times ...
Optimal BSP tree is hard to work out.

Try 5 or 6 different trees ... usually "good
enough".

Building BSP tree is slow.
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Splitting ...

Must split polygon 1 into 1a and 1b!

-
-
-
4
>/5 front  back
1a, .. 1b, ..
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Change in a BSP tree

If viewpoint moves around, no problem!!

But what if polygons move around?
Need to rebuild BSP tree.

Some nodes worse than others, e.g if things near
root of BSP change ... ouch!
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BSP Trees - Pros

Trades a one-off performance penalty (making
the BSP tree) for good real-time performance -
better than depth sort and software z buffer.

Viewer independent, so great for building
walkthroughs.

Simple algorithm.

Optimisations possible (clipping big chunks, draw
buffers, possible view sets, obscuration)
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Why study BSP tree?

Not used that much these days, except on low-
end hardware.

But still very important conceptually.

In real-world games and apps, algorithms similar
to BSP trees are used

Example: visibility trees; collision detection for
games.
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BSP Trees - Cons

Building trees is slow.

Changing the polygon positions requires
rebuilding the tree.
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Approach 3: Z buffer

Just like a frame buffer, but stores closest z value
seen so far.

Idea: Before we fill in a pixel, we check the z
buffer to see if our z value is less than the z value
in the z buffer.

If it is, we fill the pixel in the frame buffer and
update z value.

Otherwise, we don't do anything.
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Setup for algorithm

Assume that we have applied viewing transform.

Let far clipping plane = minimum z (i.e z=0).

Let near clipping plane = maximum z
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Pseudocode

Class ZBuffer {
int[][] zbuffer
void zBuffer(PolygonList polylist, FrameBuffer fb){
this.ClearzBuffer(); // Writes zeros to the z buffer
for each poly from polylist
for each pixel (x, y) from poly
pz = poly's z value at (x, y)
if(pz > zbuffer[x][y]){
zbuffer[X][y] = pz;
fb.writePixel(x,y, poly.color(x,y));
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Practical Z buffers

Same size as the frame buffer.

Frequently on the graphics card's memory.
Typically uses 16 bits of z buffer for each pixel:
Far plane =0
Near plane = 65535
Scale z appropriately.
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Interpolation issues

How to interpolate in z buffer?

(17, 20) z = 200

Z=1§9 5=7O

(26, 10) z = 50

(10, 2) z = 100
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Z buffer: Cons

Blanking z buffer can take time if done in
software.

Used to need a lot of memory.
Processors don't really cope well with branches.
Doesn't work with transparent objects
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Z buffer: Pros

Very efficient if done in hardware. We can build it
straight into the polygon filling algorithm.

Simple to understand and implement.

Invariant to changes ... e.g. adding many more
polygons doesn't do much damage.

COMP3421: Comp Graphics - Viewing Slide 78

File: /home/lambert/graphics/slides/view/COMP3421-view.odp

These days ...

Almost all 3D graphics cards use Z buffering.

One of the things the "extra" space on a graphics
card is used for.

Hardware support for blanking.
Hardware support for "test-set" operations.

Memory use is no longer such an issue.
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Viewing in OpenGL

OpenGL combines both clipping and view
volume stuff into one thing.

But to understand, first need to look back at
some of the matrix stack stuff.

| did not tell you the complete truth.

OpenGL actually has four matrix stacks, not one!
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Open GL Matrix Stacks

Each one of these has its own stack.

Most are rarely used, except for the modelview
stack.

The modelview stack has a maximum size.
OpenGL must provide modelview stack size of at
least 32.

Projection and viewport stacks are usually only 2
deep.
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OpenGL matrices

OpenGL function gIMatrixMode(GLEnum mode);

Mode can be:

GL_MODELVIEW (for viewing and modeling).

GL_PROJECTION (for defining the projection and
view volumes)

GL_VIEWPORT (for controlling window to viewport
mapping).
GL_TEXTURE (for controlling texture mapping)
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OpenGL Rendering Pipeline

How do we get from models to pixels?

A: The models get shoved through the OpenGL
rendering pipeline

glBegin() Stuff in Stuff in
MODEL-| camera| PRO- |cyy

glEnd() VIEW | coords JECTION coorgs | CPPING

Stuff in
_ cw
Pixels Raster Stuffin coords
L a— 3DVP__v/iewport
Screen! Isation | coords
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What each stage does

Modelview: Transforms things into camera's
coordinate system.

Projection: Does parallel or perspective
projection, but does them in a very odd way, and
combines with window definition.

Why? To reduce computation. If you combine
window and projection into one thing, you can do
clipping more efficiently.
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Parallel projection in OpenGL

gluOrtho2D(left, right, bottom, top)

top

bottom

Poure 3-15  Orthographic Viewing Volume
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Viewing transformation

gluLookAt takes three triples of numbers defining
the eye position, point looked at and an up vector
and sets the matrix to transform from world to

camera space.

Modeling and the view transform are combined in
the modelview matrix.

Do gluLookAt first, because view transform is
done after modeling transforms
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How OpenGL does it

Projection matrix is really a matrix that "squishes"
things into the standard cube.

Standard cube is also known as the Canonical
(i.e. standard) View Volume.

Clipping against CVV is really easy.

Introduces distortion and stretching, but the
viewport transformation is modified to undo this.
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Perspective in OpenGL

Takes a slightly different view.

Plane of projection is at z=-near, eye is at z=0.
Also allows perspective which is not centered.

Incorporates aspects of window to viewport
transformation as well.

COMP3421: Comp Graphics - Viewing Slide 89

File: /home/lambert/graphics/slides/view/COMP3421-view.odp

Another way for perspective

Specify

Aspect ratio (ratio of u:v)

Field of view (FOVY) - vertical angle.

Assume centre of window is the VRP.
Can show how to convert from one to the other.
Proof -> OHP.
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Perspective in OpenGL

glFrustum(left, right, bottom, top,
near, far)

Figure 3-13 Perspective Viewing Volume Specified by glFrustum()
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Perspective in OpenGL

gluPerspective(fovy, aspect, near,
far):

Figure 3-14 Perspective Viewing Volume Specified by gluPerspective()
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Using in OpenGL

Recall: Separate matrix stack for projection
matrix.

Typical usage:
gIMatrixMode(GL_PROJECTION);
glLoadldentity();
gluPerspective(60,1,1,1000);

See Nate's projection demo

COMP3421: Comp Graphics - Viewing Slide 93

File: /home/lambert/graphics/slides/view/COMP3421-view.odp

Viewport in OpenGL

Recall we have a different matrix stack for
viewport.

Frequent usage:
gIMatrixMode(GL_VIEWPORT);
glLoadldentity();
glViewport(0,0,width,height);
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Viewport matrix

Takes the standard view volume and converts it
into screen coordinates. BUT does not throw
away z value.

This is the so-called "3D viewport".

Has the same x and y dimensions as the
viewport, but also has z dimension of -1 to 1.
This is so we can still use z-buffer.

glViewport(leftx,boty,width,height)
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Backface Culling in OpenGL

Enabled as:
glEnable(GL_CULL_FACE)

Can tell whether to cull back or front facing polys
glCullFace(GL_FRONT) culls front faces (default
is back faces)

What does gICullFace(GL_FRONT_AND_BACK)
do?

Speeds things up a bit ... see demo on ToyFinal.
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Z-buffer in OpenGL

Called the depth buffer

To set z-buffer resolution

GLCapabilities caps = new GLCapabilities();
cap.setDepthBits(16);

GLCanvas canvas = new GLCanvas(caps);

To enable z buffering:
gl.glEnable(GL.GL_DEPTH_TEST);

To clear the z-buffer (after every frame):
gl.glClear(GL.GL_DEPTH_BUFFER_BIT)
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Trivia: Internet Ray Tracing
Competition

www.irtc.org
Entrants submit, public vote.
Two competitions: Stills and animations.

Many use POVRay, a free ray tracing library
http://www.povray.org

We'll be looking at ray-tracing later.
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More on OpenGL

Clearing has to be done efficiently, so allows a
function for more than clearing one bit of the
buffer.

Recall: Buffer is a chunk of memory for
temporarily storing stuff.

What happens when we fiddle with z-buffers,
colour buffers and backface culling?

Demo!
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