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!ǇǇƭƛŎŀǘƛƻƴ tǊƻƎǊŀƳƳŜǊΩǎ LƴǘŜǊŦŀŎŜ

ÅAPI functionality should match the 
conceptual model

ÅSynthetic Camera Model used for 
APIs like
OpenGL, Direct 3D, Java3D, VRML, 
X3D etc.

Functionality needed in the API to specify:

ÅObjects

ÅViewers

ÅLight sources

ÅMaterial properties
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!ǇǇƭƛŎŀǘƛƻƴ tǊƻƎǊŀƳƳŜǊΩǎ LƴǘŜǊŦŀŎŜ

Camera specification in APIs:

Åpositionςusually center of lens

Åorientationςcamera coordinate system in center of 
lens 
camera can rotate around those three axis

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

Åfilm plane- camera has a height and a width
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Synthetic Camera Model (1)

Computer-generated image based on an 
optical system ςSynthetic Camera Model

Viewer behind the camera can move the back 
of the camera ςchange the distance d
i.e. additional flexibility

Objects and viewer specifications are 
independent ςdifferent functions within a 
graphics library

Imaging system

Dr. Felix Hamza-Lup - Fulbright Lecture, Bangkok University 
2015



Synthetic Camera Model (2)

Imaging with the Synthetic Camera 
Model

Åfilm plane position in a camera

Åprojected scene to the projection 
plane
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Synthetic Camera Model (3) - Clipping

Not all objects can be seen - limit due to 
viewing angle

Solution: Clipping rectangleor clipping 
windowplaced in front of the camera

(b) shows the case when the clipping 
rectangle is shifted aside ςonly part of 
the scene is projected
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What is Projection?

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

2. Orthographic Projection

Å focal point at infinity 

Å rays are parallel and orthogonal to the 
image plane
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1. Perspective Projection
Å Focal point = the eye
Å Parallel lines may converge 

at infinity



Comparison



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

ÅFrom XYZ (world 
coordinates) to UV 
(screen coordinates

ÅFrustum Culling
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FrustumCulling



View Frustum in X3D
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X3D ViewFrustum- 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 & Rasterization

ÅClippingis used to remove those parts of the world 
that cannot be seen.

ÅhōƧŜŎǘǎ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƛǎ άƪŜǇǘέ ƛƴ о5 ŀǎ ƭƻƴƎ ŀǎ 
possible. After transformation and clipping must be 
projectedto 2D somehow

Åprojected objects or their parts must be displayed ς
and therefore rasterized.

All those steps are performed on your graphics cards 
in hardware nowadays. 
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All together: Graphics Pipeline Architectures

There are 4 major steps in the geometric pipeline:
ÅTransformations ςlike scaling, rotations, translation, mirroring, sheering etc.

ÅClipping ςremoval of those parts that are out of the viewing field

ÅProjection ςworld (xyz) to screen (uv) coordinates

ÅRasterization ςfrom points to pixels (analog to digital)
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Modeling vs Rendering 
Polygonal Models
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Modeling vs. Rendering ςUnderstanding the Paradigms

ÅIn many applications the modeling is separated from production of an 
image ςrendering (CAD systems, animations etc.)

ÅIn this case the modeling might be different from the renderer

ÅThe connection between both parts can be simple or highly complex using 
distributed environments
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!ǇǇƭƛŎŀǘƛƻƴ tǊƻƎǊŀƳƳŜǊΩǎ Interface (API)

ÅObjects are defined by points or vertices, line segments, polygons etc. 
to represent complex objects

ÅAPI primitives are displayed rapidly on the hardware

ÅUsual API primitives:
Åpoints

Åline segments

Åpolygons

Åtext
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An Example API

OpenGL defines primitives through list of vertices ςtriangular polygon 
is drawn by:

glBegin(GL_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?

ÅX3D:
ÅStands for eXtended3D

ÅRoyalty-free, international standard for 3D graphics on the Web

ÅUses a variety of tags and attributes (some resemblance with HTML)

ÅUse text editors or IDEs to create X3D document
ÅWe use NotePad++

ÅWith syntax highlighter
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Motivation (1)

ÅOver 35 years of steady growth and innovation have made 3D graphics an 
exciting field

ÅKey professional organization is SIGGRAPH for computer graphics and 
interactive techniques 
Åtechnical experts

Åartists

ÅNevertheless, few people actually build 3D models themselves
ÅUsually requires advanced programming skills

ÅCostly proprietary tools and approaches compete
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Motivation (2)

ÅRather than creating another expensive technical niche, X3D is designed for Web 
interoperability
ÅSupport capabilities common to most (or all) tools

ÅProvide import/export publishing compatibility for many other formats

ÅAlign 3D with the Architecture of the World Wide Web

ÅThis approach works well for simple 3D models, scaling up to large-scale virtual 
environments

ÅUltimate X3D success means that 3D graphics becomes a άŦƛǊǎǘ-Ŏƭŀǎǎ ŎƛǘƛȊŜƴέ for 
Web Multimedia
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Why is X3D important?

ÅThere are many types of 3D graphics engines and plugins available. Best known:
ÅComputer graphics games
ÅAnimated movies

ÅWell-kept secret: these are rarely interoperable

Example: 
Åno 2  experts can run the other's demo
Åά{ƛƭƭȅέ ǉǳŜǎǘƛƻƴΥ ƘŜȅΣ ƭŜǘϥǎ ƳƛȄ н ƎŀƳŜǎ ǘƻƎŜǘƘŜǊΗ
Å ... why should adding models together be so hard?

ÅProprietary software actively prevents such mergers

ÅInteroperabilityover Web can change all that
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Why is X3D important?

ÅWeb standards let different companies do what they do well, then interoperate 
together

ÅToday there are many small islands of functionality

ÅTomorrow might bring a much bigger playing field for 3D graphics to work with

ÅA shared Web is good for everyone
ÅBusiness, public, government, universities
ÅBest practices emerge
ÅMore information, more connectivity, more progress
ÅάA rising tide lifts all boatsέ
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X3D and other Standards
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Application Domains (1)

ÅEntertainment Industry
ÅOnline games (MMRPG), Avatar interaction
ÅVirtual Museums, Virtual galleries

ÅMedical Industry
ÅMedical Modeling , Surgical training , 

Patient education
ÅInitial Technical Focus 
ÅRepresentation of human anatomy in X3D 
ÅAssociation of 2D images (from multiple 

modalities) with 3D skeletal structure with 
registration 
ÅExtension of X3D to accommodate image 

textures in context of 3D anatomy model
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Application Domains (2)

ÅArchitecture and Design Industry
ÅCity planning, Landscaping

ÅManufacturing Industry
ÅProduction planning automated manufacturing 
ÅReal-time system simulation of plants, machinery, 

peripherals and components

ÅAdvertisement Industry
Åsee Google Earth + 3D restaurants + cities etc..
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