Computer Graphics, Computer Animation, and Special Effects1

1Computer Animation, Computer Graphics,andSpecial EffectsStan Sclaroff

2IntroductionlComputer Graphics = SimulationlSimulaton = ApproximationlEverything must be expressed mathematically and in terms of computer programslComputationally intensivelStorage intensive

3Special EffectslRoots in traditional animation and special effectslSpecial challengesrealismmerging original footage with computer graphicsintegrated with storyimage and model manipulationlExample: The Mask

4The MasklMix of character animation and human characters:Mask grasps to faceSpins round apartmentAlarm clock bounces aroundWooden malletEyes pop outCharacter �peels� off sidewalkHorn blastlMatched computer shots with regular film footage

5Computer GraphicslRenderinglModelinglAnimationlUser Interface

6RenderinglSimulating the physics of light and its interaction with materials in the world:Surface propertiesTextures

Computer Graphics, Computer Animation, and Special Effects2Lighting, light placementInter-reflection, opticsCamera modeling

7ModelinglSimulating geometry, structure, and form:Surface geometryDetails: skin, fur, scalesPutting things together: joints and hierarchy of partsNatural forms: trees, mountains, plants, liquids

8AnimationlMotion control:Human expressionsDeformation: trees bendingMorphingAnimal motion: joints, gait, graspCollision detectionNatural phenomena: explosions, wind, water, fire, fireworks

9User InterfacelDefining and refining animation sequences:create modelscontrol modelsdisplay intermediate resultsfeedback and redisplayoutput to film recorder

10Research ClipslPlants: growth and formlChurch: subtle lightinglWind blowing leaveslModel building (digitization)lAnimation controls:slidersskeletonmorphingcamera controlsrunningsnake slither, human gaitcollision detection

11AnimationlCharacter and story developmentlStory boardlMotion studieslCharacter and object definitionlKeyframe specificationlIn-between frameslEditing and production

Computer Graphics, Computer Animation, and Special Effects3

1 2Special EffectslCharacter and story developmentlStory boardlMotion and camera specificationlFilm and sound recordinglDigitizationlComputer animationlMerge animation with filmmatch:camera, lighting, motionsynchronizationimage manipulation

13Jurassic ParklDinosaur bones and skeleton modeled on computerlPreliminary motion and behavior studies: elephants, alligators, ostriches, and lions.lModel skin, wobble of body using physical simulationlChallenge: natural movementlAlso challenging: lighting

14Jurassic Park Video ClipslClip 1: note motion of legs, neck, and swaying bellylClip 2: note roughness of walk (shown w/o sound)lClip 3: herd motion, computer controlledRemember: issues of control, realism, and synchronization.

15Terminator2lT1000: can change from amorphous metal blob into any shape (including human)lLive action footage filmed and scanned into computerlChrome human forms modeled based on motion studies of real actorslModel reflections of real scene on computer-generated metallDigital composite

16T2 Video ClipslWalking out of firereflection of fire on computer modelcomputer stunt persontransformation from virtual to reallMorphing out of floorfloor checkers movereflectionslHelicopter scenecharacter melts and spills into cabinreflection of real character on T1000

17Computer-Assisted AnimationlAnimation by hand (Simpsons)

Computer Graphics, Computer Animation, and Special Effects4lComputer models driven by animatorslComputer models driven by actorslComputer actors driven entirely by computer:behavior, direction, and goalsexpressionmotionsensing and interaction

1 8Toy StorylFirst completely computer-animated feature filml79 minutes of animation114,240 frames800,000 machine hours25,000 drawings for story boardslModeling712 animation controls for WoodyNumber of hairs on head of Sid: 15,977Houses, furniture, carstrees; 1,200,000 leavesdirt, holes, spills, spray, rust, etc.

19Toy Storyl4.5 million lines of code (270MB)lOver 10 person/years to completelNo motion capture; everything animated by handlNumber of animated cameras: 620lSmallest staff for Disney animation feature

20Are synthetic actors a threat to human actors?

21SummarylComputer Graphics = SimulationlSimulaton = ApproximationlEverything must be expressed mathematically and in terms of computer programsl4 areas of computer animation:RenderingModelingAnimation ControlUser interface