GPUs OpenGL Pipeline

Modern graphics cards have programmable
graphics processing units (GPUSs) again

Very powerful: Allows complicated things like
vertex skinning, Bezier patches, procedural

Look at the OpenGL from 3d modelling slides
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GLSL Ambient illumination model

Shaders are programs that are run for each Adds "background light"
vertex or fragment Diffuse, non-directional light source, as a result
Input and output are via special variables such of many different reflections from the
as gl_Vertex and gl_Position (the input and environment.
output to a vertex shader) =1 K
Built in vector and matrix types Whe?e :
Vertex shader outputs are interpolated and given | .= ambientlight intensity
to fragment shader k= ambient reflection coefficie
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Ambient light vertex shader Ambient light fragment shader

void main ()

{
gl FragColor = gl Color;
}

void main()

vec4 globalAmbient;

globalAmbient = gl_LightModel.ambient *
gl_FrontMaterial.ambient;

gl_FrontColor = globalAmbient;
gl_Position = gl_ProjectionMatrix *
gl_ModelViewMatrix * gl_Vertex;
}
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Diffuse illumination model

l,=1,kyN L

where

|,= intensity of light source

k .= diffuse reflection coefficient

N = Normal at point

L= Vector from point to light source

OpenGL transforms light positions into camera
space (also called eye coordinates), so easiest to
do calculations in this space.
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Diffuse fragment shader

void main()

gl_FragColor = gl_Color;
}
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Diffuse vertex shader

void main() {
vec3 normal, lightDir;
vec4 diffuse;
float NdotL;
[* transform the normal into eye space and normaliz e¥/
normal = normalize(gl_NormalMatrix * gl_Normal);
/* normalize the light's direction. */
lightDir = normalize(vec3(gl_LightSource[0].positio n));

NdotL = max(dot(normal, lightDir), 0.0);

[* Compute the diffuse term */

diffuse = gl_FrontMaterial.diffuse *
gl_LightSource[0].diffuse;

gl_FrontColor = NdotL * diffuse;

gl_Position = gl_ProjectionMatrix * gl_ModelView Matrix *
gl_Vertex;
}
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Phong

GLSL automatically interpolates output from a
vertex shader, so we don't have to anything
special to get Gourard shading

For Phong shading, must do specular lighting
calculations for each vertex, i.e in fragment
shader.
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GLSL fragment shader: Phong

void main(){
vec3 n,halfV;
float NdotL ,NdotHV;
vec4 color = ambient;
n = normalize(normal);

NdotL = max(dot(n,lightDir),0.0);
if (NdotL > 0.0) {
color += diffuse * NdotL;
halfV = normalize(halfVector);
NdotHV = max(dot(n,halfV),0.0);
color += gl_FrontMaterial.specular *
gl_LightSource[0].specular *
pow(NdotHV, gl_FrontMaterial.shininess);

}

gl_FragColor = color;
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Input devices

Not exactly part of graphics, but worth looking at
anyway.
Conventional devices (now):

Keyboard
Mouse (only since early-mid 80's)
Joystick
Touchpad
But there are others.

COMP3421: Comp Graphics — hardware Slide 15
o

File:

3D Graphics Hardware

We've discussed the theory, the software, the
APIs.

But what about the hardware?

Already done a little bit on hardware.
But a quick review + more on the 3D part.
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Tablets

Consists of a drawing area and a stylus

Use stylus to draw on pad.

Pad is multi-level pressure-sensitive. Allows
"heavy" and "light" strokes.

Especially loved by graphic artists
Use for 3D limited, but great for 2D.
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Tablets
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Spaceball: A 3D Trackball

Has 6 degrees of freedom: left/right,
back/forward, up/down, roll, pitch, yaw.

Doesn't actually move much, but senses force in
each direction
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Trackball

Like an upside down mouse. Allows rotation in
2D.
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Instrumented gloves

Gloves provide six degrees of freedom.

Plus sensors on fingers.
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Motion capture Touch-sensitive screen

Can capture data from someone's movement, Layer that goes on top of monitor.
using either cameras or magnetic sensors. Detects where you press
Useful for 3D animation Tablet PCs.

iPhone

Lets you write on screen
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Range Imaging Output devices
Combine a camera with a laser Conventional options:
range finder Monitor
Get a depth for each pixel, ie a 3D LCD screen
Image 3D glasses (anaglyph, LCD shutter, polarised light).
More exotic
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Head-mounted Displays (HMD)

Wear it on your head

Usually has 2 LCD displays

Usually includes a
position tracker

COMP3421: Comp Graphics — hardware Slide 25
o

\\\\\

3D display

Actuality Systems: Perspecta
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CAVEs

Computer-aided virtual environment.
At UNSW: AVIE

Four pairs of projectors, stereo projecting onto a
cylinder
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Haptic devices

Add motors to input
device so it can provide
force feedback

Eg Sensable Phantom
has a stylus with six
degrees of freedom for
input (x,y,z and
rotations) and force
feedback for x,y,z
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Graphics processing hardware

First approach: dumb framebuffer, all code in
software.

Then slowly more got absorbed in to the
hardware: Line drawing, then rectangle drawing,
then polygon drawing, then polygon filling, then
texture mapping of polygons, then transform and
lighting, then general programs.

Will take a historical look

COMP3421: Comp Graphics — hardware Slide 29
File: Ol

1996: Voodoo

Voodoo chipset
manufactured by 3Dfx

3D-only graphics
chipset (you needed
another card for 2D!)

first consumer-level 3D
accelerator.

Combined hardware (Voodoo chip) and software
(Direct3D/OpenGL/Glide) solution.
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1996: Original Quake 1 Engine

Almost completely software. All
graphics card provided was frame
buffer.

Polygon rendering engine

Perspective-corrected Gouraud-
shaded texture mapping

Used texture mapping for detail; monsters were only
150-300 polygons

Used pre-rendered lighting wherever possible
Visible surface determination (BSP/Z Buffer hybrid)
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Voodoo hardware

Filled 50 Million pixels/s; 1 million triangles/s
Hardware z buffer (16-bit).
4 MB Video RAM

Perspective corrected Gouraud-shaded texture-
mapped triangles done in hardware.

Alpha blending (allows transparency)

Software provided polygons, normals and textures,
and did all the geometry (modelling, viewing) and
lighting itself.
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1999: Nvidia GeForce 256

First cards starting to appear cost $500.

One chip solution; 2D and 3D support. 2D
includes MPEG-2 (DVD) decoder.

RAM from 32MB-64MB

23 million transistors ... more than Pentium IIl.
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Hardware features - cont'd

Hardware support for:

Phong shaded texture-mapped polygons
Bump mapping
Environment mapping

480 Mpixels/s, 15 million polygon/s.
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Hardware features

Transformation and lighting in hardware. Means
more CPU for game physics etc.

4-stage pipeline:
Transformation
Lighting
Triangle setup & clipping
Rasterisation

4 pipelines (16 units).
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2001: Nvidia Geforce 3

Programmable with shaders

Per vertex

Per pixel
64-128Mb, 1600 Mpixel/s
1 Vertex, 4 pixel pipelines
57 million transistors
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2002: ATI Radeon 9700 Pro 2008: Geforce 9800 GX2

110 million transistors 2 GPUs, each 750M transistors, 19.2 Gpixel/s,

Full screen anti-aliasing, anisotropic filtering 1GB RAM, 197 Watts!

128Mb, 2600 Mpixel/s Unified shader architecture: 2x128 stream
processors, each can perform as pixel or vertex

4 Vertex, 8 pixel pipelines shaders, or do physics calcs

128 bit High Dynamic Range colour (32 bit floats
for red, green, blue)

$700 — can use two at once for extra power!
Geometry shaders can create geometry
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2009: ATI Radeon HD 5870 X2 Render farms
2 GPUs, each 2.1G transistors Similar to Beowulf clusters
2x1600 stream processors Idea: Use many tightly-coupled off-the-shelf
Hull and domain shaders allow control of machines to do rendering
conversion of NURBs patches to polygons on Problem: Dividing the work
GPU But sometimes easy, e.g. one frame per machine

Example: Pixar used a 2400 computer render
farm for raytracing “Cars”
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Pixar's Render Farm
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Future of 3D graphics?

Pixels = Picture elements.

Voxels = Volume elements.

So scene will be represented using a 3D array,
just like we use a 2D array for images now.

Then suddenly ray-tracing is easier, atmospheric
effects are trivial and more.

... heed lots of memory!
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Future of 3D graphics?

As hardware has become more powerful,
techniques that were only used if you lots of time
to render each frame have became possible in
real-time.

E.g. Phong shading is now done in real time.
Coming soon: real-time ray tracing
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