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Application Graphics

program (AP)

AAPI functionality should match the
conceptual model

A Synthetic Camera Model used for
APIs like

OpenGL, Direct 3D, Java3D, VRML,

X3D etc.

~¢—» library -~—® Hardware
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Functionality needed in the API to specify:

A Objects

A Viewers

A Light sources

A Material properties

(
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Camera specification in APIs:
A positionc usually center of lens

A orientation ¢ camera coordinate system in center of

lens
camera can rotate around those three axis

A focal lengthof lens determines the size of the image
on the film
actually viewing angle

A film plane- camera has a height and a width
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Synthetic Camera Mod€l)

Computergenerated image based on an
optical systent Synthetic Camera Model

Viewer behind the camera can move the back
of the camera; change the distancé
l.e. additional flexibility

Imaging system

Objects and viewer specifications are
iIndependentg different functions within a
graphics library



Synthetic Camerisiodel (2)

Imaging with the Synthetic Camera
Model

Afilm plane position in a camera

Aprojected scene to the projection
plane
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Synthetic Camensiodel (3 - Clipping

Not all objects can bseen- limit due to
viewing angle

Solution:Clipping rectangler clipping
windowplaced in front of the camera Q

(b) shows the case when the clipping
rectangle is shifted asideonly part of
the scene is projected (a) ()
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What isProjectior?

Any operation that reduces dimension (e.g., 3D to 2D)

-
- - —

projector |-

ﬁ projection plane

= cop

1. Perspective Projection 2. Orthographic Projection

ﬁ Focal point = the eye A focal point at infinity
Pa_ral_le_l lines may converge A rays are parallel and orthogonal to the
at infinity

image plane
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Comparison

Orthegraphic Perspective

i

= Everything seems equal « Closest things seems bhigger
» No Vanish-Point » Has Vanish-Paoint
» Parallel lines never touch = Parallel lines touch at infinity




Projection Transformation from 3D (world) to 2D (eye/screen)

AFrom XYZ (world .
coordinates) to UV T =
(screen coordinates

AFrustum Culling 2 el

,-'"li. plane




FrustumCulling




ViewFrustum in X3D

Oblique view

X3DViewFrustum Example



http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustumExample.x3d
http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustumExample.x3d
http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter14-Prototypes/ViewFrustumExample.x3d

Clipping, Projection asterization

A Clippings used to remove those parts of the world

1 x | x| % X
that cannot be seen. AP AL
x P\ Rl | 1 XK | x ></
- ~ ~ W ~ A v P 4 M ~ X ~ ~ ~ ~ Xi/\ ) } ><\
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possible. After transformation and clipping must be ———+ 1 2 N4 Y
projectedto 2D somehow S\ A
x R B G 4 X X x * b 4 x

A projected objects or their parts must be displayed [ =[x [ =« |«

and thereforerasterized

All those steps are performed on your graphics cards X | (oross = conter: xy @ 0.5)
In hardware nowadays.
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All together: Graphics Pipelidgchitectures

Vertices—p» Transformer—p» Clipper —p» Projector — = Rasterizer — = Pixels

There are 4 major steps in the geometric pipeline:
A Transformations; like scaling, rotations, translation, mirroring, sheering etc.
A Clippingc removal of those parts that are out of the viewing field
A Projectionc world (xyz) to screerug) coordinates
A Rasterizatiorg from points to pixels (analog to digital)



Modeling vs Rendering
Polygonal Models



Modelingvs.Rendering; Understanding the Paradigms

Interface file
Modeler p Renderer

AIn many applications the modeling is separated from production of an
Imagec rendering(CAD systems, animations etc.)

Aln this case the modeling might be different from the renderer

AThe connection between both parts can be simple or highly complex using
distributed environments
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AObijects are defined by points or vertices, line segments, polygons etc.
to represent complex objects

AAPI primitives are displayed rapidly on the hardware

AUsual API primitives:
A points
A line segments
A polygons
A text



An Example API

OpenGL defines primitives through list of verticgsangular polygon
IS drawn by

gIBegifGL_POLYGON);

glVertex3f(0.0, 0.0, 0.0);
glVertex3f(0.0, 1.0, 0.0);
glVertex3f(0.0, 0.0, 1.0);

glEnd );
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What is a Polygon ?
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What Is X3D?

AX3D:
A Stands foeXtended3D
ARoyaltyfree, international standard for 3D graphics on the Web
AUses a variety of tags amtributes (some resemblance with HTML)

AUse text editors or IDEs to create X@xument
AWe useNotePad-+
AWith syntax highlighter



Motivation (1)

AOver35years of steady growth and innovation have made 3D graphics an
exciting field

AKey professional organization is SIGGRAPH for computer graphics and
Interactive techniques

A technical experts
A artists

ANevertheless, few people actually build 3D models themselves
A Usually requires advanced programming skills
A Costly proprietary tools and approaches compete



Motivation (2)

ARather than creating another expensive technical niche, X3D is designed for Web
Interoperability
A Support capabilities common to most (or adipls
A Provide import/export publishing compatibility for many other formats
A Align 3Dwith the Architecture of the World Wide Web

AThis approach works well for simple 3D models, scaling up to-$@aje virtual
environments

AUltimate X3D success means that 3D graphics becorties ONH (B & fad A 0 A |
Web Multimedia




Why Is X3D important?

A There are many types of 3D graphics engines and plugins available. Best known:
A Computer graphics games
A Animated movies

A Wellkept secret: these are rarely interoperable

Example:
A no 2 experts can run the other's demo ;
Aa{ArAtfteé¢ ljdzSadAazyy KSeés tSiYa YAE W 3FJlYSa (23S0K
A ... why should adding models together be so hard?

A Proprietary software actively prevents such mergers

A Interoperabilityover Web can change all that



Why Is X3D important?

A}Nebtrs]tandards let different companies do what they do well, then interoperate
ogether

AToday there are many small islands of functionality
ATomorrow might bring a much bigger playing field for 3D graphics to work with

AA shared Web is good for everyone
A Business, public, government, universities
A Best practices emerge
A More information, more connectivity, more progress
A @A rising tide lifts all boags




X3D and other Standards

X3D File
wrl, .wrz Encodings x3d
VRML 97 XML Encoding
Specification DTD, Schema
1ISO 14772-2 X3dv ISO 19776-1 DOM
Classic VRNIL Document
Encoding Object Model

X3D _
ifi i ISO 19776- Recommendations
ek E}tpse:‘.'ff;?t“’" Abstract, API W3C
componentized Specifications

and extensible ISO 19775-1,2
.}.(3C|b \ H-Anim Scene Access
Bmal:}; ISO 19774 Interface (SAl)
Encoding scripting AP
: for Java
Enc):::ﬂpl’;ion, ISO 19776-3 /' / Scene Access ISO 19777-2
Authentication Interface (SAl)
. scripting API
RECGmﬂ;”C’:‘E“D”S for EcnaScript Programming
ISO 19777-1 Language
Bindings
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ApplicationDomains (1)

A Entertainment Industry
A Online gamesMMRPG), Avatanteraction
A Virtual Museums, Virtuajalleries

A Medical Industry

A Medical Modeling Surgicatraining,
Patienteducation

A Initial Technical Focus
A Representation of human anatomy in X3D

A Association of 2D images (from multiple
modalities) with 3D skeletal structure with
registration

A Extension of X3D to accommodate image
textures in context of 3D anatonmjodel
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ApplicationDomains (2)

A Architecture and Design Industry
A City planningl.andscaping

A Manufacturing Industry
A Production planning automated manufacturing

A Realtime system simulation of plants, machinery,
peripherals an@omponents

A Advertisement Industry
A see Google Earth + 3D restaurants + cities etc..



