


Demos ar e achallenge:

Thereisno strict definition of a demo,
sense it iIsa blend of real-time graphics a

Demos aretheresult of a collaboration: A
of people getstogether and producesthe visual
(by programming) and the music that goes with
visuals.

Usually 3-8 minutes of content - just like a video-cli

Demos are then presented at parties, and compete wit
each other based on artistic and technical merit .



What does a demo look like ?

To get thefeeling of a demo, wep
our demoswith my group ASD:

Planet Risk (2004) and | conoclast (200

Some of the effectswill be analyzed later In
mor e detalil.



How do you.start ?

Months of experimentation.
First build a smple demo-engine.

Write dozen of effects- best onesarek
the end demo.

Samefor the music : Make small tracks,
a few and gluethem at the end.

Put everything together and optimize - make
smooth and fast — Frame-rate isimportant, to
low and the movements become jerky.



... And what about the toolsinvolved ?

Demos ar e usually made by program
and another language that gives you som
computer graphicsfunctionality.

Almost everythingisin theform of a'black bo
unit that has an input and an output.

Example: Todraw atriangle, you definethe verti
and call the execution of the routine, which drawst
triangle.

Everything isserialized, and from the humbletriangle
one can build the most complicated structures!

INn C/C++




At a high level, we need to take care of the following
problem:

| nput:

A scene of objects (static or animating) that
described in a 3D space

A Camerathrough which welook at the scene
Qutput:

A 2D imagethat isdisplayed on our monitor




Computer graphics crash course

Computer graphics arethe essence of
used to synthetically generate images.

Demos usereal-time 3D rendering. Real-time
Everything is generated on thefly, unlike an an
like, for example, Toy-Story.

Everything that isrendered on screen is made out
triangles. Every triangle has 3 vertices. Every vertex
defined by a point in 3D space.

0S. They are



Computer graphics crash course

All vertices of all trianglesaretransfor
to properties of the camera.

Thetransformed vertices arethen projected
Image - our monitor.

The operation isa ssmple vector to matrix
multiplication, and isautomated: In reality, we onl
need to define where our camerais, and whereit loo
at - all triangles are then properly aligned and
projected.

according



Computer graphics crash course

Finally, we need to 'fill' thetriangles wi color or a

texture.
Therearedifferent 'shading’' modelsfor ever

Different shading models can make the model |
It iIsmade out of wood, or gold or even glass. We
look at glass emulation in more detail later on...



Computer graphics crash course




Buildingra scene

We build a scenein ademo, by adding
different visual elements

Elements can be either static/animating mod
particle systems

We move the camera around the sceneto reveal
detail

Eventually we 'spice-up’ things by adding post-
processing effects, for example noiseto emulate an 'ol
film' look



Particle systems ?

Attempt to ssimulate fuzzy phenomena as sparks,
falling leaves, clouds and snow

Each 'particle isadynamic entity and can h
unigue position and behavior.

It iIsusually rendered asa quad (two triangles) wi
texture.

However, a particle system usually needs hundredst
thousands of particlestolook realistic!



Particle sy example




Summary

Demos ook complex but they are not. are made

out of a series of building blocks.
Divide and conquer : Build your demo one st
time.

Theideasareusually straightforward, and them
Involved very simple.

To demonstrate, we will look at 3 cases, from a high-
level per spective, without any implementation details.



A Particle system for the bloo
Planet Risk

Theglassbox in Planet Risk

Theribbonsaround an object Iin
| conoclast




Blood cells particle system

Hypothesis: the cell particles should m
end of the 'tube' tothe other in a'organic

Organic ? - motion not strictly linear

Also : What happenswhen they reach theend o
tube ? They must appear again at the other end !

from one
lON



Blood cells particle system

We assign a position vector for a number o
Original position should beinside a cylinder.

 Then assign a direction for each particle:




Blood cells particle system

At each iteration increase P by D:

« Addan ‘organic’ parameter. A 'swirling' motio
thelength :

e Where small random values, and rand1,2,3 a
random phase difference



Blood cells particle system

We add random rotations of the particlec
their origin, in asimilar fashion.

The camera follows a path which isa combinati
linear motion in Z and sin/cosin X and Y



Blood cells particle system

What happens at the end points ? Po
hasto bereset, so:

\on of particle

« Weadd ascaling factor so that the particlejust d
disappear and pop-up, but rather getssmaller asit
to the beginning and end of the run:



Blood cells particle system

The particle system isnow ready to ren
triangles. We spice things up by render wi
photo-realistic technique, and sometoken po

processing filter (bloom effect and 16:9 pseudo
ratio).

ing



Theg box

A very different effect. We want to emulate a

looks like glass and animate that surfacein orgal
fold problem.

First problem : Glass effect. Recall refraction :

gh surface that
lon. Two-

For each point on the surface of cube we define a unique normal
vector that followsthe rough surface.



The glass box.refraction

Any incoming ray is'bent' fractionall thisnormal:

 ThisisNOT proper refraction, but end result |
closeto'glass. It isavery smple formula withou
expensive Fresnel operations.

« Remember 'If it lookscorrect it iscorrect ' old comp
graphicssaying. Weadd : 'And isalso fast enough'.



Theanimation of_glasstexture

Static 'glass texturelooks nice. We
Emulate an organic swirling effect. Exa
for different detail levels and speed:

Explicit: Add functions of phased sin/cos an
In time. Fast but looks very synthetic

Perlin noise: Spectral synthesis of multiple layer
noisetextures. Triesto imitate the pseudo-random
of nature. Natural looking but not asfast.

Emulation of fluid dynamicsusing Navier-Stokes
equations or wave simulation using a differential
equation. Still not very fast but give best results.

Improve:



Theanimation of_glasstexture

We use wave simulation: I'n each iteragon, our 2D
scalar Map[x,y] isperturbed at random Sgints. The
spreading of the wavesis emulated through ISCrete
version of the differential equation for waves.

 And thedamping factor, so that waves are weakened
with time:



Ribbons around an object

Thisisnot exactly an effect, but a pre-pr
to create an effect.

Problem : Given a 3D model, how can we find
of seemingly random ribbonsthat unfold over th
mode! ?



Ribbons around an object

to the object. D can change as a sin/cos functio
(Just likethe position of particlesin previous exal

P = new vertex.

Storeall P in a sequence and repeat until weare
outside of the modd!.

The sequence of Ps can berendered using lines, splines
or particles.



Ribbons around an object

at a 3D modd
del can

Thereisan extraproblem: Rememb
IS made out of triangles. In some cases, th
be very sparse. Assuch, theribbons propag
abrupt, zigzag manner .

We need to populate the model with new vertices
lie on thetriangles, so asto increase density.

Trivial : For each triangle, just add random vertices
that between the 3 original vertices of thetriangle
(triangle/ vertex test)



Summary

I|n demos, apparently irrelevant solutidRs are used to

Improve the quality of the visuals.

Themathsused arevery smpleaslong asth
modular: Complicated tasks must be separat
treated in different steps

Other effects borrow heavily from thefields of alg
analytic geometry, fractal geometry, and differential
equations.



Summary

The secret isprobably to know what sort
would give aresult that 'looks about right.
enough.

All in all, computer graphicsin demosrequire
experimentation and imagination ! The ability to th
out of the box.



Discussion / Questions



