X3D Graphics for Web Authors
Chapter 4

Viewing and Navigation

But the eyes, though they are no sailors, will never
be satisfied with any model, however fashionable,
which does not answer all the requisitions of art.

Henry David Thoreau, 1849

3D X3D

web




Contents

Chapter Overview and Concepts
X3D Nodes and Examples
Additional Resources

Chapter Summary

References

3D

CONSORTIUM

web




Chapter Overview



Overview: Viewing and Navigation

Users explore X3D worlds by choosing predefined
viewpoints and navigating through 3D space.
* Viewpoint lets authors identify key camera locations
* NavigationInfo provides options for moving around
* Bindable nodes, so only one is active at a time

Related nodes improve navigability, interaction
* Anchor makes geometric shapes linkable
 Billboard keeps child geometry facing the user

 Collision can allow or prevent a user's view from
passing through geometry
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Viewing and navigation

It is helpful to think of X3D scenes as fixed at
different locations in 3D space

* Viewpoints are like cameras, prepositioned in
locations (and directions) of interest

e Users can move their current camera viewpoint
further and change direction they are looking at

* This process is called navigation
Making navigation easy for users is important

* Authors provide viewpoints of interest with scenes
* Browsers enable camera rotation, pan, zoom, etc.,
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Goals of viewing and navigation

 Viewing a scene from different vantage points that
reveal aspects of interest, document key locations,
or help to tell a story

e Navigating changes in the user’s viewpoint
effectively by moving from place to place in an
intuitive manner

* Making geometric objects selectable so that users
can transport to another viewpoint, launch into
another scene, or receive other web content

» Taking advantage of viewpoint location for special
interactive techniques, such as user-facing billboard
rotations and terrain following
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Bindable nodes

Bindable nodes have a special property:
only one can be active at a time

 Viewpoint, NavigationInfo, Background,
TextureBackground, Fog

* Each implements X3DBindableNode type interface
for consistency

Implemented using a stack
 Similar to spring-loaded tray of plates in cafeteria
* One (and only one) is active, on top
* One can be pulled off top, sent off to the side
* One can be pulled to top, pushing down others




Binding example

Basic user operation is pretty simple:
* just select the desired Viewpoint

Complex example follows, stepping through
binding stack operations |g=

* Advanced details

* BindingOperations.x3d

* Animated with scripting

* Console results found in  [FEEEEEEEEEES Do)
BindingOperations.console.txt

New users please skip ahead to Nodes and Examples


http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.x3d
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.console.txt

Binding node operations diagram

Binding
stack 1:0 t1 tz t3 t4 t5 ts t7 ta
-
Top of _ _ , .
stack View1 isBound ) isBound gy isBound . isBound ) gy isBound default .
bounc; V|ew1—* Vlew2m V|ew3m V|ew2m View1 V|ew1m [default] View4
Rest of ) isBou isBou .
stack, | [default] [default] View1 V|eW2—v V|ew1—v iew2 [default] [default]
ordered .
[default] View1 [default] [default]
[default]
set_bind set_bind set_bind set_bind
false true false false
. -\ isBound Yy isBound . . . . Yy isBound .
Onf(f) .-thfgd View2 V|ew2m Vlew3m View4 View4 View4 View4 Vlew4m View3
u
View3 View3 View4 View3 View3 View3 View3 View2
View4 View4 View2 View2 View1
View1
set_bind set_bind set_bind
true true true

Viewpoints are activated (bound) upon selection,
ordering is governed by stack operations



Binding node operations 1

 Time t0. The initial loading of the scene has first
<Viewpoint DEF='Viewl' /> active and bound to
the top of the binding stack. Other viewpoints are
off the binding stack.

 If no viewpoints are provided in the scene, then the
default <viewpoint position='0 0 10'/>
defined in the X3D Specification is used.

 Time t1. When the user selects View2 from the
viewpoint list, it receives a set_bind="true" event
and goes to the top of the binding stack. View2
also issues an isBound="true" event, and View1
issues an isBound="false" event as it moves down
the stack.




Binding node operations 2

 Time t2. Similar to the previous transitions in step
t1, View3 receives a set_bind="true" event and
responds with an isBound="true" event, while
View?2 issues an isBound="false" event and pushes
Viewl1 further down the stack.

 Time t3. View3 receives a set_bind="false" event,
triggering a corresponding isBound="false" event
and dropping off the stack completely. Because
View2 is the next node on the binding stack, it pops
to the top to become the active Viewpoint node.
View2 also issues an isBound="true" event.




Binding node operations 3

 Time t4. The user now selects Viewl from the
browser’s viewpoint list, so View1l receives a
set_bind="true" event and sends a corresponding
IsBound="true" event. View2 is no longer bound,
and is pushed down the binding stack.

 Time t5. View2 receives a set_bind="false" event
while on the binding stack but unbound, and as a
result, it is taken completely off the binding stack.

 Time t6. Viewl is now removed off the binding
stack via a set_bind="false" event, leaving no other
defined Viewpoint nodes on the stack.




Binding node operations 4

 Time t7. With no Viewpoint nodes remaining on
the stack to bind, default viewpoint values are
used: <vViewpoint position='0 0 10'/>.
The user then selects the previously unbound
View4 from the viewpoint list.

 Time t8. View4 remains as the bound viewpoint
with no further viewpoints remaining on the stack.

Final note: same for other X3D bindable nodes

 Viewpoint, NavigationInfo, Background,
TextureBackground, Fog



back to Table of Contents

X3D Nodes and Examples
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Viewpoint node

It is helpful to think of X3D scenes as being fixed
solidly in 3D space, positioned and oriented
exactly where placed by the scene author

Viewing a scene is thus a matter of navigating
the current user point of view through space

Viewpoint nodes let X3D scene authors predefine
locations and orientations of particular interest

* Sometimes viewpoints are animated and moving
* Freedom of viewpoint is exciting and engaging, also

a major advantage over fixed-viewpoint video |
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Viewpoint position, orientation

A Viewpoint node defines a specific position and
orientation for looking at a 3D scene

 Similar to a “virtual camera” vantage point

Default Viewpoint positionis (0 0 10)
e out 10 m on +Z axis, looking back towards origin
Any changes to Viewpoint orientation are made
relative to that default direction (along -X axis)
 Different initial direction than other orientations
 Visualize the situation and then use right-hand rule

to figure out the correct orientation value |
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Viewpoint description

Each Viewpoint is given a description string to
help users decide which view to select
* Clear, understandable descriptions can guide users

e Use an object's name first when many viewpoints
follow, so they are more easily identified in a list

* Use whitespace instead of underscores for better
readability

Viewpoints are primary user tool for navigation

e Browsers provide Viewpoint List to show and select
descriptions
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Viewpoint fieldOfView, centerOfRotation

fleldOfView describes the angular width shown
* Horizontal breadth displayed
* Default is 45 degrees = pi/4 radians = 0.785
 Vertical field determined by browser aspect ration

centerOfRotation is a local position

e User's current view rotates about this point if the
bound NavigationInfo node is in EXAMINE mode

e Can be changed by a user's LOOKAT operation

picking some other geometry as new center -
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Viewpoint jump

jump can be a tricky field (but is not often used)

e jump="true' when a Viewpoint is selected means
that the current view position and orientation is
modified according to NavigationInfo transitionType

e jump='true' is usual default

* jump='false' is an advanced technique

» User's view doesn't appear to change when new Viewpoint
IS selected

* New Viewpoint is bound, but given offsets to match prior
user position and orientation (hence no jumping)

* Example use: changing bound viewpoint when moving
from one floor into an elevator, then to another floor
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Viewpoint hints and warnings

Use parent Transform node(s) for complex
Viewpoint orientation, position values

 One axis of rotation at a time can work

Keyboard shortcuts are helpful
* PageUp PageDown Home End to select Viewpoint

* Arrow keys to examine (rotate), pan, zoom, etc.
depending on current NavigationInfo mode

e Browser may allow Viewpoint reset after navigating

Distinguish between defined Viewpoint and
current navigated user-view location, directio
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1 <?¥ml wersion="1.0" encoding="UTF-3"?: | |
2 <!DOCTYPE X3D PUBLIC "IZ0Q//Web3D//DTD E3D 3.1//EN" "http://www.wsb3d.org/specifications/x3d-3.1.dced">
3 <¥3D profile='Immsrsive' wversion='3.1' xmlns:xsd='http://wyw.w3.org/2001/XMLSchema-instance’
4 xsd: nolNamespa chemalocation="http://wvow. veb3d.org/specifications/«3d-3.1.x5d' >
5= <head>
a <meta content='BindingOperations.x3d' nam=s='titles'/ =
T <meta content='Illustrate Viewpoint binding operations as described in Chapter 4 concspts.
8 Display the browssr console to sSse an svent' nams='description'/>
9 <meta content='Don Erutzman' nams='creator',/:>
10 <meta content='5 January 2008' nam=='createsd' />
11 <meta content='5S January 20028' name='modifisd' />
2 <meta content='http://X3dGraphics.com' names='reference'/>
13 <meta content='http://wvww. veb3d.org/x3d/content/examples/help.html' nams='reference' />
14 <meta content='Copyright Don Brutzman and Leonard Daly 2007' nams='rights'/=
15 <meta content='X3D book, X3D graphics, E3D-Edit, http://www.x3dGraphics.com' nams='subjesct'/>
16 <meta content='BindingOperations.console.txt' nams='reference'/>
17 <meta content='http://X3idGraphics. com/examples/X3dForWebAuthors/ Chapterd4-ViewvingNavigation/BindingOperations. x3d’
18 name='identifier'/>
1g <meta content='X3D-Edit, http://www.web3d.org/x3d/content/FEADME . X3D-Edit.html' nam=='gensrator'/=>
Z0 <meta content=',./../license.html' nam=s='license'/>
21| </ head> .
22 (= <3censx
23 <Wiewpoint]| DEF='Viewl' centerQfFotation='-g& 0 0' description='Viewpoint 1' position='-& 0 5'/>
24 <Viewpoint DEF='ViewZ' centerQfFotation='-2 0 0' description='Viewpoint 2' position='-Z 0 5'/>
25 <Viewpoint DEF='View3' centerOfPotation='2 0 0' description='Viewpoint 3' position='2 0 5'/>
26 <Viewpoint DEF='View4' centerOfPotation='g 0 0' description='Viewpoint 4' position='& 0 5'/>
27 | <GFroup>
28 <Transform DEF='Textl' translation='—-g& 0 0'>
29 <Shape>
30= «-:Tgxt string='"Vieyg" "# 1"':> X3 Viewer X W Edit Viewpoint
31 <Font3tyle DEF='CenterJustify'
zZ| </ Texts> DEF ® containerField
33 <Appearance: 0
36| </ 3hape= USE
37| - </ Transform=
38 = <Transform DEF='TextZ' translation=' centerOfRotation |_6 ||O ||O
39% description |viewpoint 1
47| - </ Transform:
22 <Transform DEF='Text3' translation=' feldofview |O.?85398 |
57 </ Transforms> jump
=Ty A =1 T= 1 - i =" . .

;2 <Transform DEF='Text4' translation O\ €| & [B] < [Sckct rmaten sequance mryryEs orientation I:I |O ||1 ||O |
64 </Transform:> — ] position |'6 | |O | |5 |

=) - =
:2 R [ ok ||Cancel|| Help |
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Fle Edit View History Bookmarks Tools GUtl! Help

€ - - @ =M% @ -@i@ http:/fwww.x3dbook.com/examples/X3dForwebAuthors/KelpForestExhibit§_pages/page23.html |'| [b] -*|john lennon acoustic

& l
(9 [} X3D Specification, ISOfIEC 1... ' a0 X3D for Web Authors, Ke... & | <o Help: X3D Examples x0 X3D Scene Authoring Hints %10 KelpForestMain.x3d (modely... -
@ m ﬁ] m ﬂj m @ ! e NI™S simulatinn of the faunch finks
' Aqwatiom Kelp Fovest
X3D  ||[VRML97
X3D for Web Authors, Kelp Forest Exhibit: Kelp Forest Main X3DV | XHTML
- - - - X3DEB Cl4N
This 1s the main entry to the Kelp Forest that loads all of the other components as Inline oo —— = =
SCenes. Tress Dugelimm, veait and veatch,
A
<?Xml wversion="1.0" encoding="UIF-8"7?>
<!'DOCTYPE ¥X3D PUBLIC "ISO//Web3D//DTD X3D 3.0//EN" "nttp://www.web3d.org/specifications/x3d-3.0.dcd">
<X 3D profile="Tmmersive' version="3 0" xminsxsd="http'www.w3.org/2001/ XM Schema-instance' xsdnoNamespaceSchemal ocation="hitp-//www.web3d.org/specifications/x3d-3.0.xsd "> M0
<head>
<meta name="title' content="K elpF orestMamn x3d"/=
<meta name='description’ content="This is the main entrv to the Kelp Forest that loads all of the other components as Inline scenes.'/>
<meta name='creator' content="Don Brutzman'/>
<meta name="created' content="'1 June 1998'/>
<meta name="modified' content="13 June 2004"/>
<meta name="reference’ content=" http:/'web.nps.navv.mil'~brutzman kelp '/>
<meta name="reference’ content=" http:/"web_nps navv mil'~brutzman kelp/KelpF orestDesionPaper pdf />
<meta name="subject’ content="Kelp Forest 3D models'/>
<meta name="accessRights' content="All content has permissions for free use. Please provide credit to the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation
(MOVES) Institute />
<meta name="identifier’ content=" http2/"www_x3dbook. com/examples/ X3 dF or'WebAuthors K elpF orestExhibit K elpF orestMain x3d />
<meta name="'generator content="{3D-Edit_ hitp:/www. web3d org/x3d/content README X3D-Edit html'/>
<meta name='license' content="_./_license html'/>
</head:=
=l--
Index for ExternProtoDeclare dafinitions: ViewPositionOrientation, WaypointInterpolator
Index for DEF nodes: CENTER. WAVE, JEFFSCLOCK, K10 DEEP, K10 FLOOR K10 LOCALE K11 DEEP, K11 FLOOR K11 LOCALE K11 MIDWATER, K2 FLOOR,
K2 LOCALE, K2 MIDWATER, K4 FLOOR, K4 LOCALE, K4 MIDWATER. K7 FLOOR, K7 LOCALE, K7 MIDWATER, KelpExamplesNoBase, LEFT DEEP WAVE,
LEFT SHALLOW WAVE. MasterClock. Nancv. NancvInterpolator, NancvTransform, R2 DEEP. R2 LOCALE.  R2 MIDWATER. R3 LOCALE. B3 MIDWATER. R5 LOCALE.
BS5 SHALLOW, RIGHT DEEP WAVE,  RIGHT SHATLLOW WAVE, Root, Viewpoints, WAVE CLOCK
Index for Viewpoint images: Viewpoint 1, Viewpoint 2, Viewpoint 3, Viewpoint 4, Viewpoint 5, Viewpoint 6, Viewpoint 7
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& FAnd: |t00|ti |43- Mext & Previous [ Highlight al [ Match case

[=+ Done & 19405 [ M 72.52.156.96 &' 70.134.87.160 & & @ [# 0:906 L} @ Now: Light Rain, 53° F <& | Sun: 55° F <& | Mon: 54°F



) KelpForestMain.x3d (model/x3d+xml Object) - Mozilla Firefox
File Edit View History Bookmarks Tools

% [ X3D Specification, ISO/IEC 1... 30 X3D for Web Authors, Kelp F... xi0 Help: X3D Examples

Welcome to the NPS simulation of the
Monterey Bay Aquarium Kelp Forest

Find sharks! See new viewpoints!
Press PageDown, wait and watch.
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v & I . ~
explore EEME seek lewel back  forward I P
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Welcome to the NPS simulation of the
Monterey Bay Aquarium Kelp Forest

] [ ..

Find sharks! See new viewpoints!
Press PageDown, wait and watch.
= — e
— Ny - g oot
'\\ -




<3 Viewpoint

Viewpoint provides a specific location and direction where the uwser mav view the scene. Background, Fog, NavigationInfo, TextureBackground and Viewpoint
are bindable nodes.

|DEF

[DEF ID #INPLIED]
DEF defines a unique ID name for this node, referencable by other nodes.
Hint: descrniptve DEF names mmprove clanty and help document a model.

[USE IDREF #INMPLIED]

USE means reuse an akeady DEF-ed node [D, ignoring _all_ other attributes and children.
Hint: USEmng other geometry (instead of duplicating nodes) can mprove performance.
Warning: do NOT inchade DEF (or any other attribute vahies) when using a USE attribute!

deripren

[description: accessTyvpe initializeOnly, tyvpe SFString CDATA #IMPLIED]

Text description or nanvigation hint to be displayed for this Viewpoint,

Hint: use spaces, make descriptions clear and readable.

Warning: without description, Viewpoint is unlikely to appear on browser Viewpoints mem. Hint: many XML tools substitute XML character references automatically i
needed (like &=38; for & or &234; for ™).

Interchange profile hint: this field may be ignored.

[position: accessType inputOutput, type SFVec3f CDATA "0 0 10]
Position (x, v, 7 in meters) relative to local coordinate system.

orientation

[orientation: accessType inputOutput, type SFRotation CDATA 001 0")

Rotation (axis, angle in radians) of Viewpoint, relative to default -Z axis direction in local coordinate system.
Hint: this is orientation _change_ from default direction (0 0 -1).

Hint: complex rotations can be accomplished axis-by-axis using parent Transforms.

field O i

[fieldOfView: accessTvpe inputQutput, tvpe SFFloat CDATA "0.785398" (0..pi)]

Preferred minimum viewing angle from this viewpoint in radians. Small field of view roughly comresponds to a telephoto lens, large field of view roughly comresponds to a
wide-angle lens.

Hint: modifying Viewpoint distance to object may be better for zooming.

Warning: fieldOfView may not be comrect for different window sizes and aspect ratios.

Interchange profile hint: this field may be ignored.

[jump: accessType inputQutpat, tvpe SFBool (true|false) "true")
Transition mstantly by jumping, or smoothly anmate to this Viewpoint.
Hint: set jump=true for smooth camera motion when going to this viewpont.

[centerOfRotation: accessTvpe inputOutput, tvpe SFVec3f CDATA "0 00")
centerOfR otation point relates to Navigationlnfo EXAMINE mode.

[set_bind: accessType inputOaly, type SFBool (true|false) #FIXED ")
Sending event set_bind=true makes this node active. Sending event set_bind=false makes this node mnactive. Thus setting set_bind to truefalse will pop/push (enable/disable)
this Viewpoint.

|bind Time

[bindTime: accessTyvpe outputOnly, type SFTime CDATA #FIXED ™"
Event sent when node becomes active/nactive.

[isBound: accessType outputOnly, tvpe SFBool (true|false) #FIXED ")
Event true sent when node becomes active, event false sent when unbound by another node.

comtainer Field

[containerField: NMTOKEN "children')
containerField is the fisld-label prefix mdicating relationship to parent node. Examples: geometry Box, children Group, proxy Shape. containerField attribute is only supported
in XML encoding of X3D scenes.

[class CDATA #IMPLIED]

class is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML encoding of X3D scenes.




Users can select predefined Viewpoints
» Defines both position and direction of view

Users can further navigate around scene

Navigation model

* Using pointing device or hot keys
* Chosen viewpoint remains bound

Key Emulated Action WALK mode FLY mode EXAMINE mode

Up arrow Pointer up forward forward orbit up

Down arrow Pointer down backward backward orbit down

Left arrow Pointer left left left orbit left

Right arrow Pointer right right right orhit right
web|3D 3D
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Navigation model 2

User's current view can be animated

 ROUTE new position/direction event values to the
Viewpoint itself, or to parent Transform nodes

* User navigation offsets to that view remain in effect

* Thus “over the shoulder” viewpoints can follow a
moving object around, while still allowing user to
look around while in that moving viewpoint

Lefty and Lucy shark in the Kelp Forest Main
scene use this technique as virtual tour guide
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NavigationInfo node

NavigationInfo indicates how a browser might
best support user navigation in the scene

Multiple NavigationInfo nodes may exist in scene
* Or in multiple Inline scenes loaded together

NavigationInfo is an X3DBindableNode
* So only one can be active at a given time

* Follow the same binding rules as Viewpoint, but not
easily selectable

e Can be linked to a given Viewpoint by ROUTE that
connects isBound of one node to set bind of other

3D oD,
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NavigationInfo type

Primary field is type which indicates which of the
various modes of navigation are relevant

"EXAMINE" best for rotating solitary objects

e "FLY" allows zooming in, out and around

« "WALK" also allows exploration, but on the ground

* "LOOKAT" use pointer to select geometry of interest

* "ANY" lets user select any mode

* "NONE" gives user zero control of navigation

MFString array default type=""EXAMINE" "ANY" '

» which gives users plenty of flexibility
web|3D )<3D
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NavigationInfo type details 1

 "EXAMINE" Used to view individual objects. Scene
navigation consists of rotating the user viewpoint
about the center of the observed object. The
centerOfRotation field of the currently bound
Viewpoint node values determines which local point
centers the view rotation.

 "WALK" Used when exploring a virtual world on
the ground. The user’s eye level stays above the
ground geometry and collision detection prevents
the user from falling if underlying geometry is

present. |
web|3D )<3D
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NavigationInfo type details 2

 "FLY" Similar to "WALK", but terrain following and
collision detection is ignored. This type of
navigation has the fewest constraints. Shifts the
current view and related centerOfRotation values to
track or zoom toward objects of interest to user.

« "ANY" Browser is allowed to provide whichever
navigation type seems appropriate for the task at
hand, modifying the user interface if necessary.

 "NONE" All navigation disabled and hidden.
Navigation remains possible via animation of
viewpoint fields or by binding other viewpoints
(using viewpoint-list selection or Anchor node).
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NavigationInfo speed, headlight

speed determines how fast navigation occurs
* Default value 1 meter/second is usually pretty slow
* Might need to vary widely from ground to space

headlight is whether a light is shining ahead from
user's point of view

* Otherwise one or more Light nodes is needed
(covered in Chapter 11), or else world goes black
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NavigationInfo transitions

transitionType determines type of path followed
when transitioning between viewpoints
* "ANIMATE" browser chooses smoothing algorithm
e "LINEAR" interpolation of position, orientation
 "TELEPORT" immediate repositioning to destination
transitionTime

e initial array value used for linear, otherwise multiple
values can be used by browser-specific "ANIMATE"

transitionComplete lets author know when done

e SFBool boolean event sent when move is finished,/
web|3D )<3D
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avatarSize SFVec3f array

avatarSize[0] = 0.25m
Allowed collision distance

4,.47

¢ avatarSize[1] = 1.6m

Viewpoint height above terrain

¢ avatarSize [2] = 0.75m

Maximum step-over height

Y=0

A Local ground level



NavigationInfo visibilityLimit

visibilityLimit defines the maximum range that
may be rendered by the browser

* Measured from the user's point of view

* Geometry beyond that distance are not drawn

* visibilityLimit="'0.0" means no limits are imposed
Quality thumbrule: meet following relationship

» gvatarSize.collisionDistance [ visibilityLimit < 10,000

* Avoids floating-point roundoff error on graphics card
and almost-coplanar polygon tearing/aliasing

 Exactly coplanar polygons still suffer from aliasing ,
web|3D )<3D
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W Navigationinfo.x3d - Editor =3
%Navigaﬁnnlnfﬂ.ﬂd xl

RE-5- ATHE #L% G 00 v¥ 9
<?¥ml version="1.0" encoding="UTF-8"2>

<I1DOCTYPE X3D PUBLIC "IZO//Web3D//DTD XE3D 3.1//EN" "http:/ /www.weh3d.org/specifications/=x3d-53.1.dcd">
<H3D profile='Immersive' wversion='3.1' xZmlns:xsd='http://wuv.w3.org/2001/XML3chema-instance’

xzd:nollamespaceichemalocation="http://vww.web3id.org/specifications/ x3d-3.1.x=sd' =

<head>

<meta content='NavigationInfo.x3d' nams='title' />

<meta content='NavigationInfo override example for EKelp Forest world.' nams='description'/:

<meta content='Leonard Daly and Don Brutzman' nams='greator'/ =

<meta content='14 November 2Z005' nams='created' />

<meta content='g January 2008' namse='modified' />

<meta content='http://X3dGraphics.com' nams='reference' />

<meta content='http://www.wveb3id.org/x3d/content/examples/help.html' nam=='reference'/>

<meta content='Copyright (o) 2005, Daly Fealism &amp; Don Brutzman' nams='rights' />

<meta content='X3D book, X3D graphics, X3D-Edit, http://wuw.x3dGraphics.com' nams='subject'/>

<meta content='http://X3dGraphics.com/examples/X3dForTebluthors/ Chapterl4-Viewingllavigation/MavigationInfo.x3d"

name='identifier'/> ¥ Edit Navigationinfo &l
<meta content='X3D-Edit, https://savage.nps.edu/X3ID-Edit' nams=='gensrat -

<meta content='../license.html' nams='license'/ />
</ head=>
<S3cense> USE &

DEF @ | contanerField

eI AMINE

e = navigation modes
<NavigationInfo type='"EEAMINE"™ "ANY"'/ >
<Inline url='
", ./ /EelpForestExhibit/EelpForestMain. 34"
", ./ /EelpForestExhibit/EelpForestMain.wel"™
"http://E3dGraphics.com/examples/ E3dForTebAuthors/EelpForestExhibit, speed
"http://E3dGraphics.com/examples/ E3dForTebAuthors/EelpForestExhibit, headight

</Scene> - |
| </H3D= fransitionType |LINEAR

transitorTime |1

visbilityLimit |0

avatarSize |0.25 |16 |[0.75

[ ok ||Car1ce||| Help |
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= NavigationInfo

Navigationlnfo describes the viewing model and physical characteristics of the viewer's avatar.

Hint: for inspection of simple objects, usability often improves with type="EXAMINE" "ANY"

Hint: Navigationlnfo types ""WALK" "FLY"' support camera-to-object collision detection. Background, Fog, Navigationlnfo, TextureBackground and
Viewpaint are bindable nodes.

HEF

|[DEF ID §INIPLIED]
DEF defines a wuque ID name for this node, referencable by other nodes
Hint: descripte DET names anprove clanty and help document a model

USE

|[USE IDREF #IMPLIED)

USE means reuse an akready DEF-ed node ID, ignoring _all  other attributes and children
Hint: USEmg other geometry (instead of duplicating nodes) can improve performance
Warning: do NOT mchde DEF {or any other attnbute vaboes) when using a USE attribute!

trpe

|[tvpe: accessTvpe imputOutpat, tvpe MFString CDATA "EXAMINE™ "ANY"]

Enter one or mare quoted Strngs: "EXAMINE "WALK" "FLY™ "LOOKAT "ANY" "WONE". Hmt for mspection of smple objects, usababity often moproves with
type="EXAMINE" "TANY". Hnt: types WALK and FLY force stnct camera-to-obpect collision detection. Hmtt see Collszon node for further detads on camera-to-object
colksion detection. Hmt: Strings can have nultiple vahies, so separate each string by quote marks [ “hitpe/'wwor urll.org” "hitpewwwr a2 org” "ete.” |

Ii'nh'rrh.'mgdl profile hint: dus held may be ignored

||sp9e-d'_ aceess Tyvpe impatOutpat, tvpe SFFloat CDATA "1.0%)]

[0, .= mfimity) Defanlt rate at which viewer travels through scene, meters/secomnd
Warning: default 1 m's usnally seems slow for ordinary navigation
|Interchange profile hint: this field may be ignored.

[T

[headlight: accessTyvpe inputOutput, type SFBool (true|false) " true”|
Enable/dizable drectional hght that alvays pomts m the drecton the user 15 lookmg

Va5 i

[avatarSize: accessType inputQuiput, iype MFFloat CDATA "0.25 1.6 0.75"]

avatarSize triplet values are: (a) colision distance betovesn user and geometry (near culbng plane of the view frustrem) (b) viewer height above terramn (c) tallest height viewer
can WALE over, Hint keep (visshityLanst / avatarSize CollisionDistance) < 10,000 to avoid aliasing artifacts (1.2, polvgon “tearmg™)

Interchange profile hint: thes field may be ignored

vhdbility Lims

[visibilitv Limit: accessTyvpe inputQutput, tvpe SFFloat CDATA "0.0"]

Geometry beyond the visibahityLimst may not be rendered (far culbng plane of the view frostrem). visibilityLmmit=00 0 indicates an mifinite visibiity Emit. Hint: keep visibilityLmst
»= zero. Hmt keep (visibilitvLmit | avatarSire CollisionDistance) < 10,000 to avoid abasmg artifacts (Le. polvgon "tearing”)

Interchange profile hint: ths field may be ignored.

mansitieaTyps

Enter one or more quoted Stnngs: "ANIMATE™ "LINEAR™ "TELEPORT
Interchange profile hint: this field may be ignored

rranLien T mme

[transitionTime: accessTyvpe inputQutput, type MFFloat CDATA *1.0%)
Dhration of viewpomt transiton. Hint: if transitonType is "ANIMATE", transitonTmme provides browser-dependent ansmation parameters
Interchange profile himt: this field may be ignored.

[transitionComplete: accessTvpe outputOaly, tvpe MFFloat CDATA #FIXED "]
Event signaling viewpomt transition complste
Interchange profile hint: ths beld may be ignored

e _frimd

[set_bind: access Tvpe imputOaly, tvpe SFBool (true|false) sFIXED ")

‘lm osition Tvpe: accessTvpe inputQutput, tvpe MEString CDATA "ANINATE"]
|Stl‘tiﬂ._|{ set_bind true makes this node active setting set_bind false makes this node mactive. Thus setting set_bind true false will pop/push (enable/ disable) this node

[bind Time: accessType outputOnly, type SFTime CDATA #FIXED ")
Event sent when node becomes active mactive.

nBeand

[isBound: accessType outpuiOaly, tvpe SFBool (frue/false) SFIXED "")
Event true sent when node becomes active, event falee sent when unbound by another node

G omiaumet Fetid

[eontainerField: NMTOKEN "children"]
containerField is the field-label prefic mdicating relationship to parent node. Examples: peometry Box, children Group, proxy Shape. containerField attribute is only supported
i XML encoding of X3D scenes




¥ AliasingExample.x3d - Editor Z

e AliasingExample x3d X] Jrl=lgl
Cx
RE-5- AFE fF&% @6 o0 v ¥ @
<?xml version="1.0" encoding="UTF-8"2>=
<IDOCTYPE X3D PUBLIC "ISO//Weh3D//DTD X3D 3.1//EN" "http://www.web3id.org/specifications/x3d-3.1.dcd">
<E3D profile='Interchange' wversion='3.1' xmlns:xsd='http://www.w3.org/2001/XMLSchema-instance’

wad:nollamespaceSchemalocation="http://vuw.webh3id.org/specifications/®3d-3.1.xs5d"' >

- <head:>

<meta content='AliasingExample.x3d' nams='title'/:>

<meta content='Illustrates the effect of aliasing (tearing) by the coplanar overlap of two cubes with different colors.'
name="'description' />

<meta content='Leonard Daly and Don Brutzman' name='greator' />

<meta content='19 June 200&' name='created'/:>

<meta content='7 January 2008' names='modified'/>

<meta content='http://X3dGraphics.com' name='reference'/>

<meta content='http://wuv.web3d.org/x3d/content/examples/help.html' nams='reference'/>

<meta content='Copyright (¢) Z00&, Daly Fealism and Don Brutzman' nams='rights'/>

<meta content='X3D book, X3D graphics, X3D-Edit, http://www,.x3dGraphics.com' nam=='subject'/>

<meta content='http://X3dGraphics.com/examples/X3dForebAuthors/ Chapter04-Vievingllavigation/AliasingExample.x3d' nams='identifiesr'/>

<meta content='X3D-Edit, https://savage.nps.edu/E3ID-Edit' name='generator'/:>

<meta content='../license.html' nam=='licenses'/>
- </ head>
[=] <3cenex
O or=" ! . .
<Background skyColor='1 1 1'/> ®j3D Viewer b

<NavigationInfo headlight='trus' type='"EEAMINE"™ "ANY"'/ />
<Viewpoint description='Book View'/:=

- <Transform translation='-.25 0 0'>

<Shapes>

- <Appearancex

<Material diffuseColor='1 0 0'/>

- </ Appearance:

<Box/ >

r </Shape=

- </ Transform:

- «<Transform translation='.25 0 0'>
<Zhape>

- <Appearance:>

<Material diffussColor='0 1 1'/=
- </ Appearance>

<Box/>

- </ Shape>

- </ Transform>

- </ Scenss @ ‘%’ @ ﬁ §>' { Book ... = }

S| </ H3D

=3.82
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Anchor node

Anchor is another grouping node that can
contain other nodes

Geometry rendered by contained nodes is
activated and can be selected
* Clicking on Anchor geometry launches url link

 Alternatively can select a viewpoint in the scene
(similar to HTML bookmark)

e Thus similar to HTML anchor tag

Selected link can replace current X3D scene, or
else can launch into another browser window,

3D oD,
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Anchor description

The description field provides the user with a
single-string summary of what is selected
when the Anchor geometry is selected, e.g.

 description='click door, open portal to new world'
* description="jump to next viewpoint...'

X3D browsers usually pop up the text description
when the pointing device is over the selection
geometry

3D X3D

web




ur! Uniform Resource Locator

The ur/field provides either

* Address to new X3D scene, HTML page, or another
Web resource, or else

* Viewpoint bookmark within the scene
MFString array provides alternate url addresses
 url addresses can be either local or online

* Point to alternate versions of same resource

» X3D browser goes sequentially through ordered list,
one at a time, until one retrieval succeeds

3D oD,
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Anchor parameter

parameter provides additional information to
browser regarding redirection of loaded result
* parameter="target=_blank' sends to new frame
* parameter="target=frame4' sends to named frame

* May be ignored if browser is solely X3D capable,
rather than (for instance) a Web-browser plugin

Once again, designed to match HTML anchor tag

3D X3D

web




Anchor hints and warnings

Strictly match capitalization of directories and
filenames

* Unix and http are case sensitive and fail otherwise

* Windows is forgiving but actually this hides errors
XML escape characters

e & (ampersand) &amp;

* ' (apostrophe) &apos;

" (double quote) &quot;

3D X3D

web
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<?¥ml wversion="1.0" encoding="UTF-8"?
<IDOCTYPE X3D PUBLIC "ISCQ//Web3D//DTD E3D 3.1//EN" "http://wwy.wsb3d.org/specifications/x3d-3.1.dcd">
<¥3D profile='Immersive' wversion='3.1' zZmlns:xsd='http://www.w3.org/2001/EML3chema-instance'
wsd:nollamespaceSchemalocation="'http://wyw. webh3d. org/specifications/x3d-3.1.xsd' =
<head>
<meta content='Anchor.x3d' nams='title'/:>
“meta content='Anchor example using the Eelp Forest world.' name='description'/>
<meta content='Leonard Daly and Don Brutzman' name='creator' />
<meta content='14 November 2Z005' nams=='created' />
“meta content='7 January 2007' name='modified' />
<meta content='Show Anchor link to Monterev Bay Aquarium webh site for Eelp Forest exhibit' name='reference' />
<meta content='http://vvw.mbavaq.org/efc/kelp.asp' name='reference'/:>
<meta content='http://wow.web3id.org/x3d/content/examples/help.html' nams='reference' />
<meta content='Copyright (c) 2005, Daly Bealism Lamp; Don Brutzman' nams='rights'/:=
<meta content='X3D book, X3D graphics, E3D-Edit, http://wuw.x3dGraphics.com' nams='subdesct'/>
<meta content='http://E3dGraphics.com/examples/X3dForebAuthors/ Chapter04-Vievingllavigation/ Anchor . x3d’
nam=='identifier' /=
<meta content='X3D-Edit, https://savage.nps.edu/E3D-Edit' nams='gensrator' />
<meta content='../license.html' nam=='licenses'/>
</ head>
«<Zoenex
<Transform translation='0 8§ 30'>
<Viewpoint description="wview Anchor text" position="0 -1 12"/=>
<Anchor DEF=!'AnchorExamplese' description='Agquarium Exhibit Web Site!
paramster='target=_blank' url='http://wvw.nbavag.org/efo/kelp.asp' =
<8hape bbox3ize='-1 -1 -1'>
<Text string='"Click orangs text for" "Monterevy Bavy Aquarium” "kelp forest webh site!':»
<FontStyle Jjustify='"MIDDLE™ "MIDDLE"™' siz=='0.&'/>
</ Texts
<Appearance:
<Material DEF='Autumnll' ambisentlIntensity='0.25&41' diffuseColor='0.,7955918 0.273554 0.00&8&1'
shininess='1' specularColor='0.48€55 0.319155 0.44403&' />

</Appearance:
</ Shape=
</ Anchor>
</ Transform:
<Inline url='",./EelpForestExhibit/EelpForestMain.x3d4"

", . /EelpForestExhibit/KEelpForestMain.url”

"http://E3dGraphics. com/examples/K3dForWebAuthors/KelpForestExhibit/EelpForestMain. k34"

"http://E3dGraphics.com/examples/X3dForWebAuthors/EelpForestExhibit/EelpForestMain. wrl™' /=
</ Zcenes

Lrre T
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Anchor example scene, editor

X

¥ Edit Anchor

Welcome to the NPS simulation of the

Monterey Bay Aquarium Kelp Forest DEF ® [AnchorExample | containertield
Click orange text for 0
1. s R Af K USE O
Monterey Bay Aquarium
kelp forest web site
iR — Aquarium Exhibit Web Site
description

url |http: /fwww. mbayaq.org/efe fkelp.asp

parameter |target=_blank

bboxCenter |D | |D | |r:| |

bboxSize |-1 |[-1 |[-1 |

| Ok ||Car1cel|| Help |

web|3D
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Anchor is a Grouping node that can contain most nedes, Clicking Anchored geometry loads content specified by the url field, Loaded content completely
replaces current content, if parameter is same window,

Hint: insert a Shape node before adding geometry or Appearance.

|DEF ID #IMPLIED)
DEF defines a wanque D name for this node, referencable by other nodes

I III: | I.‘Ilt' '--.'|i'|:"'r.':" D'.':F DLETE S ST Ove clarty iEI(I. I'.:"I'FI I.Il\.ll\.'IZI'.:"I'll & I:III\.:':!:"I

|USE IDEEF #IMPLIED]

USE means reuse an already DEF -ed node ID, ignoning _all_ other attributes and children
Himi: USEmg other geometry (mstead of dupbeatng nodes) can maprove performance

Al do NOT inchade DEF (or any other attribute vaboes) when using a USE atribute!

[description: accessTvpe inputOutput, tvpe SFString CDATA #IMFPLIED]
Text description to be displayed for action of this node. Hint many XML tools substitute XML character references sutomatically & needed (Bke &#38; for & or &234; for ©

Imterchange profile hint: this field may be ignored

|url: aceessType imputOutput, tvpe MFString CDATA #IMPLIED)

Address of replacement world, activated by chckang Anchor geometry

Hint: pamp to a world's mternal viewpoint by appending sieopomt name (&g, #ViewpomtName, someOtherCoalWorld ordoGrandT our)
Hint: pmp to a kecal viewpomt by oaly using viewpomt name (&5 #GrandTowr)

Hint: Strngs can have multiple values, so separate each string by quote marks [ Thetp: el org™ Thitpe w2 org” "ete.” ]

Hint: XML encodmng for ™ 15 &quot; (a character sntity)

| stmictly match directory and filsname captabzation for hitp knks!

Hint: can replace embeddad blankis) n wl quenies with %620 for each blank character

Hint: pop up a new wadow with wl valoe as follows: "JavaScptomdow openpopop. himl, popup’, width= 1240 haight=240") location href="Helo World wil™

parkmeT

[parameter: accessTyvpe inputOutpat, rype MFString CDATA #IMPLIED]

Passed parameter that signalls web browser how to rediect wl loading. Hint set parameter to target=_blank to load target wrl into a blank frame. Hint set parameter o
Larg el ﬁ.:n':_l:l.:l:ur 1o load tar Bet wrl info ancther frame. Hint ‘:I.l:':u_.:'.- can have |:|'.'.|]I:_,JJ: vahses, so LEparale each :.hi.rlg_ |.l:-' Li- 110 markes -:.'I['.[."' www o] \.':!:'_-
“hitpweww orl2 org” “ete.” )

Imterchange profile hint: this Geld may be ignored

|bhoxCenter: accessTyvpe imitializeOnby, type SFVec3T CDATA "0 0 07)
Bounding box center: position offset from ongn of local coordinate system

[bboxSize: accessType mitialzeOnly, tvpe SFVec3I CDATA -1 -1 -17]

Bounding box size: automatica alculated, can be specified as an optenzration or constramt

postuisir Fikd

|contaimerField: NAMTOKEN "children™]
contamerField is the field-label ].'llcﬂ-'_\. :|J.ia.'.|J'.ir.=" :l::..:ll;cauh:ip 3 piarent node E!'.a.l:||.l|.c:- Bedanetry Bax, children f:reu-p PrOXY ‘}|'....1'|.'lc contamer Field attribute is l.u:.]:. -_-.u-r_-:.*-m'[rf_'
in XML encoding of X3D scenes

[class CDATA #INMPLIED]
class is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is only supported in XML encoding of X3D scenes




Billboard node

Billboard is another X3DGroupingNode

Child-content geometry faces user
» Special effect that improves readability or visibility

axisOfRotation field determines Billboard pivot
 Relative to local coordinate system

e Default is axisOfRotation='0 1 0' which swivels
about vertical (Y axis)

e Rotations unpredictable when above (on axis)
* Define axisOfRotation="0 0 0' for circular rotation

to always fully face user without axis constraints ,
web|3D )<3D
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Billboard hints and warnings

DEF, USE allowed for multiple Billboards nodes
« Each copy should independently face user

Put Billboard as close to moving geometry as
possible, nested inside a positioning Transform

Do not put a Viewpoint under a Billboard
* Creates a feedback loop
» Unpredictable behavior likely to result

3D X3D

web
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<?ml version="1.0" encoding="UTF-8"?:
<!DOCTYPE X3D PUBLIC "I3O//Web3D//DTD X3D 3.1//EN" "http://wwuw.web3d.org/specifications/x3d-3.1.dcd">
<H3D profile='Immersive' wversion='3.1l' xmlns:xsd='http://www.v3.org/2001/XMLSchema-instance’

wad:nollamespaceSchemalocation="http://wyw. wehid.org/specifications/x3d-3.1.xsd"' »

- <head>
<meta content='Billboard.x3d' name='title'/ >
<meta content='Illustrates Eillboard operation using Kelp Forest example scenes for Figure 4.4, ¥3D for Web Authors.' nams='description'/
<meta content='Don Brutzman and Leonard Daly' name='creator' />
<meta content='13 June 2004' name='created'/>
<meta contcent='7 January 2007' nam=='modified'/:>
<meta content='http://web.nps.navy.mil/~brutzman/kelp' name='reference'/>
<meta content='http://web.nps.navy.mil/~brutzman/kelp/KelpForestDesignPaper.pdf' name='reference'/>
<meta contcent='Kelp Forest 3D models' name='subject'/>
“<meta content='Revisions Copyright (c) Z00&, Daly Fealism and Don Brutzman. Original content has permissions for free use. Please provide
<meta content='http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-Viewingllavigation/Billboard.x3d' name='identifier'/>
<meta content='X3D-Edit, https://savage.nps.edu/X3D-Edit' nams='gensrator' />
<meta content='../license.html' names='license'/:>
o </ head>
= <Scenes
<Background groundingle='1.309 1.571' groundColeor='0.1 0.1 0.0 0.4 0.25 0.2 0.&£ 0.& 0.&' skyAngle='1.309 1.571' skyColor='0.0 0.5 1.0 0.C
<Vieypoint description='Text message from ahead' position='0 -5 45'/>
<Viewpoint description='Text message EBillboard effect' orientation='0 1 0 0.8&' position='37.01 -5 229.59'/>
= <Billboard| axisOfFotation='0 1 0'>
<Inline url=' . ! -
", ./EelpForestExhibit/ IntroductionMessage. wrl"” w Edit Billboard [Z|
", ./EelpForestExhibit/ IntroductionMessage. x3d"
"http://E3dGraphics.com/examples/X3dForTebAuthors,/EelpForest
"http://X3dGraphics. com/examples/¥3dForTebAuthors/KelpForest DEF @ | | containerField
o </Billboard>
«Inline url=' USE D D
", ./EelpForestExhibit/HelpTank.wrl"
", ./EelpForestExhibit/KelpTank.x34"
"http://E3dGraphics.com/examples/X3dForTebAuthors/KelpForest . .
"http://X3dGraphics. com/examples/X3dForTebAuthors/EelpForest EXISOROEUOH |CI | | | |I:I |
o </ Scene>
L| «/¥3D= bboxCenter |D | |D | |D |
bboxSize |—1 | |—1 | |—1 |
| OK | | Cancel | | Help |

[«]
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Billboard example

Starting at initial
viewpoint and
navigating with
mouse or arrow
keys reveals that
Billboard Text
remains facing
the viewer,
improving
readability

web|3D

CONSORTIUM

Welcome to the NPS simulation of the
Monterey Bay Aquarium Kelp Forest

i,

Find sharks! See new viewpoints!
Press PageDown, wait and watch.

Welcome to the NPS simulation of the
Monterey Bay Aquarium Kelp Forest

Find sharks! See new viewpoints!
Press PageDown, wait and watch.



Billboard is a Growping node that can contain most nodes. Content faces the user, rotating about the specified axis. Set axisOfRotation=0 0 0 to fully face the
cCamera.
? Billboard i o5& e geomeiry as possible, nested inside Transform for loca ordinate
i Billboard,
insert a Shape node before adding geometry or Appearance.

[DEF 1D #IMPLIED]

def aw

- Fr
|USE IDEEF #INFPLIED]

bbeal smiar

hape. containerField attribute i

CDATA #IMPLIED]
ed Bst Yy | ted i XML en




Collision node

Defines camera-to-object collision-detection
properties between child geometry and user

* enabled="true' blocks user navigation through the
geometry

* enabled="false' blocks user navigation through the
geometry

Not used for object-to-object collision detection

Authors can detect when collision occurs
* SFTime outputOnly event collideTime

 SFBool outputOnly event /sActive |
web|3D )<3D
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Collision detection and terrain following

Terrain following depends on +Y axis being “up”

e Other coordinate systems are possible but do not
match this X3D convention

e Thus datasets using other coordinates must be
converted to match
WALK mode is another form of collision detection

* Viewer's camera drops until NavigationInfo avatar
rests on geometry serving as the ground plane

e Step-over distance (an avatarSize parameter)
governs whether user can rise over obstacles

3D X3D

web




Collision proxy field

Child geometry may be quite detailed, irregular
* Complicating collision-detection calculations and
thus slowing rendering performance
Can substitute SFNode proxy child as alternate

e Shape containing a Box, Sphere or Cylinder can
provide simplifying geometric alternative

e proxy geometry is not rendered

<Collision DEF='Example' enabled='true'>
<Shape containerField='proxy'><Cylinder/></Shape>
<Inline url='SomeComplicatedObject.x3d'/>

WEb <3/CDollision> 3D
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Collision hints and warnings

<NavigationInfo type=' "WALK" "FLY" '/>
modes support camera-to-object collision
detection

Only polygonal geometry can be used for
collision detection
* No points or lines
e Special limitation: no Text node collisions

* Nevertheless can achieve same collision effects
by adding a transparent Box or polygon, thus
providing the necessary polygons as boundaries

3D oD,
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<?¥ml version="1.0" encoding="UTF-3"?>
<!DOCTYPE X3D PUBLIC "ISO//Web3D//DTD X3D 3.1//EN" "http://www.web3id.org/specifications/x3d-3.1.4dcd">

E <¥3D profile='Immersive' wversion='3.1' xmlns:xsd='http://vww.w3.org/2001/EMLSchema-instance' =sd:nollamespaceSchemalocation='htep://wuw. web3id.
- <head>

<weta content='Collision.x3d' nams='title'/:>

<meta content='Illustrate Collision node: lset enabled="tru=" to block zooming through glass. 'l11-_=|m-2='description'_a’>

<meta content='Don Brutzman and Leonard Daly' name='creator'/:>

<weta content='1l Juns 1998' names='created' /> ¥ Edit Collisior

<meta content='1l3 June 2004' name='translated'/>

<weta content='7 January 2008' nam=s='modified'/> \ . .

<meta content='http://web.nps.navy.mil/~brutzman/kelp' name='reference'/> DEF| @ | \ containerField

<meta content='http://web.nps.navy.mil/~brutzman/kelp/EelpForestlesignPaper.pdf!’ LSE * |

<mweta content='Kelp Forest 3D models' nam=='subject' />

<meta content='Fevisions Copyright (o) 2Z00&, Daly Pealism and Don Brutzman. Origi enabled

<meta content='http://X3dGraphics.com/examples/X3dForTebAuthors/EelpForestExhibit] 1

<meta content='http://E3dGraphics.com/examples/X3dForVebAuthors/Chapter04-Viewing colideTime | \ |

<meta -:-:unt-ant.='X3D—E.Zdit., https:_a’_a’savage..nps.edu_a’XSD—Edit.' nams='genserator' /> T | ‘\ | | | | |

<meta content='../license.html' nam=='license'/:> \
- </head> bboxCenter |O \ | |O | |O |
=] <Scenss \

<MavigationInfo spesed='3' type='"FLY"™ "ANY"'/=> bboxsize |_l \ | |_l | |_1 |

<Viewpoint description='Outside Tank' orientation='0.21 0.97 -0.14 1.202' positig

<Viewpolint description='Inside Tank' orientation='0.21 0.97 -0.14 1.202' positior | oK I|CEHCE| || HE|D | -
= I <Collision =nabled='false's>

<Inline url='", /EelpForestBghibit/EelpTank.wrl™ "../KelpForestExhibit/KelpTank.x3d" "http://X3dGraqphics. com/examples/ X3dForWebAuthors,

- </Collision>
- </Scens>
| </ E3D=

initial view outside tank glass zoom into tank, collision off blocked by glass, collision on

@}- ¢ |outside Tank ~| & |1 &% & @} € |outside Tank ~| & || &k [[H] _ideTank - » || Ak




Collision example

Example screen shots
first show the viewer
being stopped by
glass geometry, then
the viewer passing
through the tank glass
for a closer view.

Collision enabled="true"
or enabled="false"
result in different
navigation responses.

web|3D

CONSORTIUM

%x3dGraphics.com



i
Collision detects camera-to-object contact using carrent Viewpoint and NavigationInfo avatarSize. Collision is a Grouping node that handles collision

detection for its children. Collision can contain a single proxy child node for substitute collision-detection geometry. Note: proxy geometry is not rendered.
Mote: PointSet, IndexedLineSet, LineSet and Text do not trigger collisions.

¥ Collision

Hint: improve performance using proxyv for simpler contact-calcalation geometry,

] I:.'|| - ‘iﬂ'l i?_:l‘lillnlﬂ I-“ !I\ ilﬂl."u I"Y'l -ilh L] I'-] .t‘"‘ '\.|:||:|||nr|r! camera-tioe rl]lil'{'! I.'I'I]Ii‘hilll'l Iil"l l'f‘il)ﬂ.
Hint: insert a Shape node before adding geometry or Appearance.

[DEF ID sIMPLIED]

DEF defnes a unique [D name for this node, referencable by other nodes

Hint: descrnptive DEF names mprove clanty and help document a model

[USE IDREF SIMPLIED)

USE means reuse an abready DEF -ed node ID, mnorme _all  other attnbutes and children
Hint: USEing other geometry (nstead of duplicating nodes) can mmprove performance
Warning: do NOT inclode DEF (or any other attribute vahoes) when using a USE attribute!
[bboxCenter: accessTvpe imitializeOnly, tvpe SFVec2f CDATA "0 0 0™)

Bounding box center: position offset from origm of local coordinate system

[bboxSize: access Tyvpe imitializeOnly, type SFVec3f CDATA -1 -1-1")

Bounding box size; automatically calculated, can be specified as an optimization or constramt

[emabled: accessType inputCutpat, tvpe SFBool (true/false) "true™]
Enables/disables collision detection for children and all descendants
Hint: former name “collide” in VEML 97 specification

[isActive: accessTyvpe ontputOnly, tvpe SFBool (truelfalse) SFIXED ")

isActrve troefalse events are sent when triggening the sensor, sActve=true when view-object collsion coours, isActive=false when view-object collision no longer coous
[collideTime: accessType ontputOaly, type SFTime CDATA #FINED "'

Time of collision between camera (avatar) and geometry

onixinerFiekd [contaimerField: NAMTOKEN "children')

containerField is the field-label prefic ndicating relatonship to parent node. Examples: geometry Box, children Group, proxy Shape. contmnerField attmibute is only supported
m AML encodmg of X350 scenes

[elass CDATA #INPLIED]

class is a space-separated bst of classes, reserved for use by XML stvlesheets. class attnibute is only supported in XML encoding of X3D scenes
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File formatting

X3D-Edit has a Netbeans capability for formatting

» Alt-shift-F Format acts upon highlighted text blocks,
also available via right-click menu

 Warning: do not reformat embedded ECMAscript
source code

X3D Canonicalization (C14N) also reformats X3D
* Performed prior to examples being placed in archive
* Will be added to X3D-Edit Tools menu

3D X3D
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Pretty-print HTML capabilities

Pretty print means to reformat nicely in HTML,
usually with color coding

* facilitates reading and printing
X3D-Edit has this Netbeans feature
e File > Print to HTML

X3dToXhtml.xslt stylesheet

 Includes indices and hyperlinks to DEF/USE,
ROUTEs, images, url values, prototypes, etc.

e Can be launched via XSL Transformation button

* Will be added to X3D-Edit Tools menu |
web|3D )<3D
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Launching other XSLT stylesheets

Extensible Stylesheet Language for XML (XSLT)
stylesheets support a variety of conversions
e X3dToVrml97.xslt * | X3dToXhtml.xslt
» X3dToClassicVRML.xslt * others

W BindingDperations.x3d - Editor
e BindingOperations x3d XI

RER-5- ATSE #F2% @ 0 v@l@l

(=169
e

1 <?xml version="1.0" encoding="UTF-8"?> . -~

2 | <1DOCTYPE X3D PUBLIC "IS0O//Web3D//DTD X3D 3.1//EN" "I'I}{SLTrEHSfOrmaUOH"'Lg_a’specificatins_a’de— -E

3 E <¥3D profile='} ' ' = = — = :

4= <head> W Open

3 <meta COonts | P

' -

- emeta concd LOOKIN: ) stylesheets B CF|5E| B=

7 <meta conty ¥ 3dExtrusionToSvaviaxsitl. 1.xslt ¥ 3dTovrmIa7.xslt fEzh ¥ 3dToxhtml.xslt

=] <meta contd |a .. . T - L )

i mEka con ¥ 3dExtrusionToSvgViaxst2.0.xslt ¥ 3dTox 3dvClassicVrmEncoding. xslt

= <meta contd
10 <meta contqd [4] s [ T»
11 <meta contd , . o I iy

File Mame: |C.kwww.webHd.org‘nxBdHtOOIsE,x.BdEdltS.E‘u,x.BDksrckwww.web3d.org‘p<3d‘gst-;lesheets| | Open |
2 <meta contd
13 <meta concq Fles of Type: |alFies v| Cancel
1A = ]
000 e— : e

14:52 || INS I




File Edit View History Bookmarks Tools GUGll Help

- - @ -l % O L] |@ http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.html |‘| [>]

<?xml version="1.0" encoding="UIF-8"7>
<!DOCTYPE X3D PUBLIC "IS0Q//Web3D//DTD X3D 3.1//EN" "nttp://www.web3d.org/specifications/x3d-3.1.dtd">

<X 3D profile="Tmmersive' version="3.1" xmlnsxsd="htipwww.w3.org/2001/ XML Schema-instance' xsdnoNamespaceSchemal ocation="hitp://’www.web3d org/specifications/x3d-3.1 xsd >
<head=>
<meta name="title' content="BindinsOperations.x3d'/>
<meta name="description’ content="Tlustrate Viewpoint binding operations as described in Chapter 4 concepts. Display the browser console to see an event'/>

<meta name="creator' content="Don Brutzman'/>
<meta name="'created' content="5 January 2008"/>
<meta name="modified' content="5 January 2008"/>
<meta name="reference’ content=" http:/X3dGraphics.com />
<meta name="reference’ content=" http-/'vwww.web3d.org/x3d/content/examples help html '/=
<meta name="rights' content="Copyvright Don Brutzman and Leonard Daly 2007'/>
<meta name="subject’ content="X3D book, X3D graphics, X3D-Edit, http:'www.x3dGraphics.com />
<meta name="reference’ conteni='BimndingOperations_console_txt'/>
<meta name="identifier’ content=" http:/ X 3dGraphics.com/examples X3 dF orWebAuthors/Chapter04-ViewingNavigation BindingOperations.x3d "=
<meta name="generator’ content="{3D-Edit, http:/'www web3d org/x3d/content README X3D-Edit html'/>
<meta name="license' content="_/_license html'/=
</head>
<!--

Index for DEF nodes: BindingSequencerEngine, CenterJustify, ClickToAnimateView, Clock, Textl, Text2, Text3, Textd, TextTouchSensor, TimingSequencer, View], View2, View3, Viewd
Index for Viewpoint images: View]l, View2, View3, View4, ClickToAnimateView

>

<Scene>
<l-- Viewl ROUTEs: [from BindineSequencerEngine bindView] fo set bind | [from isBound fo BindingSequencerEngine view1Bound | -->
<Viewpoint DEF="View]' centerOfR.otation="-6 0 (' description="Viewpoint 1' position="-6 0 5'/>
<!-- View2 ROUTEs: [from BindingSequencerEngine bindView?2 fo set bind ] [from isBound fo BindingSequencerEngine view2Bound | -->
<Viewpoint DEF="View2' centerOfR.otation="-2 0 () description="Viewpoint 2' position="-2 () 5'/>
<l-- View3 ROUTEs: [from BmdingSequencerEngine bindView3 fo set bind ] [from isBound fo BmdingSequencerEngine view3Bound | --=
<Viewpoint DEF="View3' centerOfRotation='2 [ 0" description="Viewpoint 3' position="2 0 5'/>
<l-- Viewd ROUTEs: [from BindingSequencerEngine bindViewd fo set bind | [ffom isBound fo BindingSequencerEngine view4Bound | -->
<Viewpoint DEF="View4' centerOfF.otation="6 0 (' description="Viewpoint 4' position="6 (0 5'/>

<Group>
<Transform DEF="Text]' translation="-6 0 (">
<Shape>
<Text string="View" "# 1" solid="true">
<FontStyle DEF='CenterJustify' justify="MIDDLE" "MIDDLE" />

<Text>

<Annearance>

& Find: | x| |4E Next & Previous [ | Highlight al [] Match case

| €

[<~ Done & 0.359s [ i 72.52.156.96 ! 205.155.65.236 & @ @ [(# 0:907 {j @ Now: Overcast, 54°F <» | Sun:55°F <% Mon:54°F .
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Chapter Summary

Users explore X3D worlds by choosing predefined
viewpoints and navigating through 3D space.
* Bindable nodes, so only one is active at a time
* Viewpoint lets authors identify key camera locations
* NavigationInfo provides options for moving around

Nodes to improve user navigability, interaction:
e Anchor makes geometric shapes linkable, like HTML

 Billboard for axis-aligned geometry facing the user
 Collision permits or blocks a user's current camera

view from passing through collidable geometry
web|3D )<3D
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Open-source license

Copyright (c) 1995-2008 held by the author(s). All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

e  Redistributions of source code must retain the above copyright notice, this list of conditions and the following
disclaimer.

e  Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

e Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.



X3D Graphics for Web Authors
Chapter 4

Viewing and Navigation

But the eyes, though they are no sailors, will never
be satisfied with any model, however fashionable,
which does not answer all the requisitions of art.

Henry David Thoreau, 1849
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Overview: Viewing and Navigation

Users explore X3D worlds by choosing predefined
viewpoints and navigating through 3D space.
* Viewpoint lets authors identify key camera locations
* NavigationInfo provides options for moving around
* Bindable nodes, so only one is active at a time
Related nodes improve navigability, interaction
* Anchor makes geometric shapes linkable
* Billboard keeps child geometry facing the user

* Collision can allow or prevent a user's view from
passing through geometry

30 X3D

web
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Viewing and navigation

It is helpful to think of X3D scenes as fixed at
different locations in 3D space

* Viewpoints are like cameras, prepositioned in
locations (and directions) of interest

* Users can move their current camera viewpoint
further and change direction they are looking at

* This process is called navigation

Making navigation easy for users is important
 Authors provide viewpoints of interest with scenes
* Browsers enable camera rotation, pan, zoom, etc.

3D 3D
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Difficult navigation leads to users becoming “lost in space” or, worse yet from an
author's perspective, simply leaving the scene because it is incomprehensible.
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Goals of viewing and navigation

* Viewing a scene from different vantage points that
reveal aspects of interest, document key locations,
or help to tell a story

* Navigating changes in the user’s viewpoint
effectively by moving from place to place in an
intuitive manner

* Making geometric objects selectable so that users
can transport to another viewpoint, launch into
another scene, or receive other web content

» Taking advantage of viewpoint location for special
interactive techniques, such as user-facing billboard
rotations and terrain following

3D 3D
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Bindable nodes

Bindable nodes have a special property:
only one can be active at a time

* Viewpoint, NavigationInfo, Background,
TextureBackground, Fog

» Each implements X3DBindableNode type interface
for consistency
Implemented using a stack
* Similar to spring-loaded tray of plates in cafeteria
One (and only one) is active, on top
One can be pulled off top, sent off to the side
One can be pulled to top, pushing down others

Stack (data structure) http://en.wikipedia.org/wiki/Stack_%28data_structure%29

Chapter04-ViewingNavigation



Binding example

Basic user operation is pretty simple:
* just select the desired Viewpoint

Complex example follows, stepping through
binding stack operations |gm
* Advanced details
* BindingOperations.x3d
* Animated with scripting
* Console results found in

BindingOperations.console.txt

New users please skip ahead to Nodes and Examples

Related chapter for event passing: Chapter 8, User Interactivity Nodes
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.console.txt
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Binding node operations diagram

Binding
stack to t t ts ts ts ts t; ts
Top of .
stack, | View1 View1 2220 View2 22! o view3 2 View2 20 viewd View1 =222 [default] Viewd
bound faise ¥ faise ¥ false ¥ 1eWZ e ¥ false ¥
Rest of default X . isBound . isBound .
stack, | [default] [default] View1 View2 =y > View1 iew2 [default] [default]
ordered
[default] View1 [default] [default]
[default]
set_bind set_bind set_bind set_bind
false true false false
. i isBound X isBound ) . X ) ) isBound X
ﬁf(f) 'ﬁzf:a View2 VleWZm V|ew3m View4 View4 View4 View4 Vlew4m View3
View3 View3 View4 View3 View3 View3 View3 View2
View4 View4 View2 View2 View1
View1
set_bind set_bind set_bind
true true true

Viewpoints are activated (bound) upon selection,
ordering is governed by stack operations

X3D for Web Authors Figure 4.1. Binding node operations: set_bind events control
whether bindable nodes go to the top of the stack or pop off the stack.
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Binding node operations 1

Time t0. The initial loading of the scene has first

<Viewpoint DEF='Viewl'/> active and bound to
the top of the binding stack. Other viewpoints are

off the binding stack.

If no viewpoints are provided in the scene, then the
default <viewpoint position='0 0 10'/>
defined in the X3D Specification is used.

Time t1. When the user selects View2 from the
viewpoint list, it receives a set_bind="true" event
and goes to the top of the binding stack. View2
also issues an isBound="true" event, and View1l
issues an isBound="false" event as it moves down
the stack.

See preceding figure

11
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Binding node operations 2

Time t2. Similar to the previous transitions in step
t1, View3 receives a set_bind="true" event and
responds with an isBound="true" event, while
View2 issues an isBound="false" event and pushes
View1 further down the stack.

Time t3. View3 receives a set_bind="false" event,
triggering a corresponding isBound="false" event
and dropping off the stack completely. Because
View2 is the next node on the binding stack, it pops
to the top to become the active Viewpoint node.
View2 also issues an isBound="true" event.

See preceding figure

12
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Binding node operations 3

Time t4. The user now selects View1 from the
browser’s viewpoint list, so View1 receives a
set_bind="true" event and sends a corresponding
isBound="true" event. View2 is no longer bound,
and is pushed down the binding stack.

Time t5. View2 receives a set_bind="false" event
while on the binding stack but unbound, and as a
result, it is taken completely off the binding stack.

Time t6. Viewl is now removed off the binding

stack via a set_bind="false" event, leaving no other
defined Viewpoint nodes on the stack.

See preceding figure

13



Binding node operations 4

* Time t7. With no Viewpoint nodes remaining on
the stack to bind, default viewpoint values are
used: <viewpoint position='0 0 10'/>.
The user then selects the previously unbound
View4 from the viewpoint list.

* Time t8. View4 remains as the bound viewpoint

with no further viewpoints remaining on the stack.

Final note: same for other X3D bindable nodes

* Viewpoint, NavigationInfo, Background,
TextureBackground, Fog

See preceding figure

Chapter04-ViewingNavigation
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Viewpoint node

It is helpful to think of X3D scenes as being fixed
solidly in 3D space, positioned and oriented
exactly where placed by the scene author

Viewing a scene is thus a matter of navigating
the current user point of view through space
Viewpoint nodes let X3D scene authors predefine
locations and orientations of particular interest

* Sometimes viewpoints are animated and moving
* Freedom of viewpoint is exciting and engaging, also

a major advantage over fixed-viewpoint video
web[3D X3D
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Viewpoint position, orientation

A Viewpoint node defines a specific position and
orientation for looking at a 3D scene
* Similar to a “virtual camera” vantage point
Default Viewpoint positionis (0 0 10)
* out 10 m on +Z axis, looking back towards origin
Any changes to Viewpoint orientation are made
relative to that default direction (along -X axis)
+ Different initial direction than other orientations
* Visualize the situation and then use right-hand rule

to figure out the correct orientation value
web[3D X3D
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Viewpoint description

Each Viewpoint is given a description string to
help users decide which view to select
* Clear, understandable descriptions can guide users

* Use an object's name first when many viewpoints
follow, so they are more easily identified in a list

* Use whitespace instead of underscores for better
readability
Viewpoints are primary user tool for navigation

* Browsers provide Viewpoint List to show and select
descriptions

3D X3D
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Viewpoint fieldOfView, centerOfRotation

fieldOfView describes the angular width shown
* Horizontal breadth displayed
» Default is 45 degrees = pi/4 radians = 0.785
* Vertical field determined by browser aspect ration

centerOfRotation is a local position

» User's current view rotates about this point if the
bound NavigationInfo node is in EXAMINE mode

* Can be changed by a user's LOOKAT operation

picking some other geometry as new center
web{3D X3D
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Viewpoint jump

jump can be a tricky field (but is not often used)

* jump="true' when a Viewpoint is selected means
that the current view position and orientation is
modified according to NavigationInfo transitionType

* jump='true' is usual default

* jump="false' is an advanced technique

* User's view doesn't appear to change when new Viewpoint
is selected

* New Viewpoint is bound, but given offsets to match prior
user position and orientation (hence no jumping)

* Example use: changing bound viewpoint when moving
from one floor into an elevator, then to another floor

3D 3D
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Viewpoint hints and warnings

Use parent Transform node(s) for complex
Viewpoint orientation, position values
* One axis of rotation at a time can work

Keyboard shortcuts are helpful
* PageUp PageDown Home End to select Viewpoint

* Arrow keys to examine (rotate), pan, zoom, etc.
depending on current NavigationInfo mode

* Browser may allow Viewpoint reset after navigating
Distinguish between defined Viewpoint and
current navigated user-view location, directio

3D 3D
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gOperations.x3d - Editor

e BindingOperations x3d x} =

EE-L- aTsE e °o v¥

1 <?xml version="1.0" =ncoding="UTF-8"2> []
2 <IDOCTYPE X3D PUBLIC "ISO//Web3D//DTD ¥3D 3.1//EN" "http://www.web3dd.org/specifications/x3d-3.1.ded">

3[) <x3D profils=' Immersive' version='3.1' xmlns:xsd='hucp://www.ws.org/2001/EMLSchema-instance'

a hemaLocation='http://wew. veb3d.org/specifications/x3d-3.1.xad' >

Ho a

8 <meta content='BindingOperations.x3d' name='title'/s

7 <meta concenc='Illustrate Viewpoint binding operations as described in Chapter 4 concepts.

a Display the bromssr consols to Sz an svent' name='dsscription'/>

s <meca nt='Don Brutzman' name='creator'/>

10 <m=ta =nt='5 January 2008' name='crsated'/>

1 <meca nt='5 January 2008' nam=='modified’/>

2 <msta nt='htep://X3dGraphics.com' nams='rsfsrence’ />

13 <meta =nt='http://wuw.web3d.org/x3d/content/examples/help.html' name='r=ference'/>

14 <msta contenc=' Copyright Dom Brutzman and Leonard Daly 2007' name='rights'/>

15 <meta nt='H3D book, ¥3D graphics, ¥3D-Edit, http://www.x3dGraphics.com' subject'/>

18 <meta ='BindingOperations.console.txt' name='refersnce’ />

17 <meta =nt='http://¥3dGraphics.com/=xamples/K3dForlichAuthors/ Chapter04-Vicwingllavigation/ BindingOperat ions . x3d'

18 identifier'/>

19 <m=ta nt='K3D-Edit, hutp://wsw.uwsb3d.org/x3d/content/README,KID-Edit.html' gensrator' />

20 <meca '../../license.heml' 'license'/>

2| </head> |
22 <Scene>

23 <Vizwpoint| pEF=1view scription='Viewpoint 1'

24 <Viewpoint DEF='View2' scription='Viewpoint 2

25 <Viswpoint DEF='Views' fRotation='2 0 0' ription='Vievpoint 3'

26 <Viewpoint DEF='Viewd' fRotation='6 0 0' ription='Viewpoint 4'

27 <Group>

28 <Transform DEF='Textl' translation='—-6 0 0'>

] <Shape>
Edit Viewpoint
a0 <Text string=!Viewr f 17 Z B &
a1 <FontStyle DEF='CenterJustify!
2| </ Texer DEF® contanerField
(]
</shape> =0
</Teansforms
<Transgorm DEF='Textz' transistio centeomomoen [ Jo o ]
<sha description

Viewpoint 1 ‘

</Transtorm»
<Transform DEF='Text3' translatio
<Shaj

fiddOfview [0.785398 |

LI

][ €) A |82 ¢ [sct insn sasrce EDET onentaton [0 J8 I lo

) postion b1

</Transform>
<Transform DEF='Text4' translation=

</ Transform>

</Group>

INS

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.x3d
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Fie Edt View History Bookmarks Tools GUtl! Help
@-o-@ -l O
19 [ X3D Specfication, ISO/IEC 1...

& il iy i M M [l e —( o [ s

Monterey Bay Aquariom Kelp Fovest

_ X3D |[VRMLST

http://www.x3dbook.com/examphes/)@dForwebAuthors/KelpForestExmbmlpagas/pagaz3.htm\ \'| l>| ~hohn lennon acoustic

0 X3D for Web Authors, Ke... (3 | %o Help: X3D Examples 0 X3D Scene Authoring Hints 0 KelpForestMain.x3d (mode}... e

X3DV || XHTML

X3D for Web Authors, Kelp Forest Exhibit: Kelp Forest Main

.. . . X3DB CI4N
This is the main entry to the Kelp Forest that loads all of the other components as Inline ot —— = =
[ B
scenes. *
&
<?xml version="1.0" encoding="UTF-8"2> 1
<!DOCTYPE X3D PUBLIC "IS0//Web3D//DID X3D 3.0//EN" "http://www.web3d.org/specifications/x3d-3.0.dtd">

<X3D profile=Tmmersive' version="3.0' xminsxsd="http/www.w3.org/2001 XML Schema-instance’ xsctnoNamespaceSchemal ocation=' http://www.web3d org/specifications'x3d-3.0.xsd "> u

<head>

itle' content="K elpF orestMain x3d />

escription’ content="This is the main entry to the Kelp Forest that loads all of the other components as Inline scenes./>
‘ereator’ content="Don Brutzman'/>
‘created’ content='1 June 1998"/>
'modified’ content="13 June 2004'/>
eference’ content=" http://web. =

eference’ content="hitp://web.nps.navy.mil~br kcelp/KelpForestDesignPaper.pdf />

‘subject’ content="Kelp Forest 3D models'f>

ccessRights' content="All content has permissions for free use. Please provide credit to the Naval Postgraduate School (NPS) Modeling Virtual Environments and Similation
(MOVES) Instifute />

<meta name="identifier' content="http/‘www x3dbook. / X3 dF orWebAuthors/KelpForestExhibit KelpF orestMain x3d />

<meta name="generator’ content="X3D-Edit, http-//www web3d org'x3d/ /README X3D-Edit html />

<meta name='license' content="_./_ /license html'/>
<head>
<l

Index for ExternProtoDeclare - ViewPositionOrientation, Waypoints l
Index for DEF nodes: CENTER. WAVE, JEFFSCLOCK, K10 DEEP, K10 FLOOR, K10 LOCALE K11 DEEP, K11 FLOOR, K11 LOCALE K11 MIDWATER, K2 FLOOR,
K2 LOCALE, K2 MIDWATER, K4 FLOOR, K4 LOCALE, K4 MIDWATER, K7 FLOOR, K7 LOCALE, K7 MIDWATER, KelpE: lesNoBase, LEFT DEEP WAVE,
LEFT SHALLOW WAVE, MasterClock, Nancy, Nancy] l NancyTransform. R2 DEEP. R2 LOCALE. R2 MIDWATER. R3 LOCALE. R3 MIDWATER. RS LOCALE

R5 SHALLOW., RIGHT DEEP WAVE. RIGHT SHALLOW WAVE, Root. Viewpoints, WAVE CLOCK
Index for Viewpoint images: Viewpoint 1. Viewpoint 2. Viewpoint 3. Viewpoint iewpoint 3. Viewpoint 6. Viewpoint 7

@ Find: | toolti @ Next @ Previous [ Highight al [] Match case

[<= Done ) 1.040s [ 8 72.52.156.96 ! 70.134.87.160 & @ © [# 0:906 (f @] Now: Light Rain, 53° F <& | Sun:55° F <& | Mon:54°F

[£3

http://www.x3dbook.com/examples/X3dForWebAuthors/KelpForestExhibit
then select Kelp Forest Main
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%) KelpForestMain.x3d (model/x3d+xml Object) - Mozilla Firefox
Fie Edt View History Bookmarks Tools GUtl! Help

- e -0 QO L] @ http://www.x3dbook.com/examples/X3dForWebAuthors/KelpForestExhibit/KelpForestMain. x3d l\'| l)] [GI-|john lennon acoustic “

19 [} x3D Speciication, ISO/IEC 1...

@ Find: | toolti @ Next @ Previous [ Highight al [] Match case

0 X3D for Web Authors, Kelp F... %0 Help: X3D Examples %0 X3D Scene Authoring Hints

Welcome to the NPS simulation of the
Monterey Bay Aquarium Kelp Forest

Find sharks! See new viewpoints!
Press PageDown, wait and watch.

%0 KelpForestMain.x3d (mo... &3 ~

Iﬁ Done

§ 1.953s B4 8 725215696 ! 70.13487.160 @ O © 2 0:906 {f @] Now:Rain, 51°F <3 | Sun:55°F < | Mon: 54°F .~

Chapter04-ViewingNavigation
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Welcome to the NPS simulation of the
Monterey Bay Aquarium Kelp Forest

w"n

Find sharks! See new viewpoints!
Press PageDown, wait and watch.

Chapter04-ViewingNavigation
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[Viewpoint provides a specific location and direction where the user may view the sceme. Back d, Fog, Navigati Textur d and Viewpoint
lare bindable nodes.

If Viewpoint
DEF

[DEF ID #IMPLIED]
[DEF defines a unique [D name for this node, referencable by other nodes.
Hint: descriptive DEF names improve clarity and help document a model

[USE IDREF #IMPLIED]

|USE means reuse an already DEF-ed node ID, ignoring _all_ other attributes and children.
Hint: USEmg other geometry (instead of mg nodes) can mpr

[Warning: do NOT include DEF (or any other attribute vahies) when using a USE attribute!

[description: accessType initializeOnly, type SFString CDATA #IMPLIED]

|Text description or navigation hint to be displayed for this Viewpoimt.

Hiat: use spaces, make descriptions clear and readable,

Warning: without description, Viewpoint is unlikely to appear on browser Viewpoints mem. Hint many XML tools substitute XML character references automatically if
needed (ke &#38; for & or &=34; for ).

[Interchange profile hint: this field may be ignored.

[position: accessType inputOutpat, type SFVec3f CDATA "0 0 10"]
[Position (x, v, z in meters) relative to local coordinate system.

[orientation: accessType inputOurtpat, type SFRotation CDATA "0010"]

[Rotation (axis, angle in radians) of Viewpoint, relative to default -Z axis direction in local coordinate system.
[Hint: this is orientation _change_ from default direction (0 0 -1).

[Hint: complex rotations can be ac lished axis-by-axis using parent Ti

[fieldOfView: accessType inputOutput, type SFFloat CDATA "0.785398" (0..pi)]

[Preferred minimum viewing angle from this viewpoint in radians. Small field of view roughly corresponds to a telephoto lens, large field of view roughly comesponds to a
[wide-angle lens.

Hint: modifying Viewpoint distance to object may be better for zooming.

[Warning: fieldOfView may not be correct for different wmdow sizes and aspect ratios.

lInterchange profile hint: this ficld may be ignored.

[u=p

[jump: accessType inputOutput, type SFBool (true|false) "true"]
I Transition instantly by jumping, or smoothly animate to this Viewpoint
[Fint: set jump=true for smooth camera motion when going to this viewpoint

[centerOfRotation: accessType inputQutput, type SFVec3f CDATA "0 00"
lcenterOfRotation point relates to Navigationlnfo EXAMINE mode.

et bimd

[set_bind: accessType inputOnly, fype SFBool (true|false) #FIXED "]
|Sending event set_bind=true makes this node active. Sending event set_bind=false makes this node inactive. Thus setting set_bind to truefalse will pop/push (enable/disable)
jthis Viewpoint.

[bindTime: accessType outputOnly, type SFTime CDATA #FIXED "]
[Event sent when node becomes active/inactive

[isBound: accessType outputOuly, type SFBool (true|false) SFIXED "]
[Event true sent when node becomes active, event false sent when unbound by another node.

[containerField: NNITOKEN "children"]
lcontainerField is the field-label prefix indicating relationship to parent node. Examples: geometry Box, children Group, proxy Shape. containerField attribute is only supported
lin XML encoding of X3D scenes.

[class CDATA #IMPLIED]

lclass is a space-separated list of classes, reserved for use by XML stylesheets. class atribute is only supported in XML encoding of X3D scenes.

http://www.web3d.org/x3d/content/X3dTooltips.html#Viewpoint

Chapter04-ViewingNavigation
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Navigation model 1

Users can select predefined Viewpoints
* Defines both position and direction of view
Users can further navigate around scene
* Using pointing device or hot keys
* Chosen viewpoint remains bound

Key Emulated Action WALK mode FLY mode EXAMINE mode
Up arrow Pointer up forward forward orbit up

Down arrow Pointer down backward backward orbit down

Left arrow Pointer left left left orbit left

Right arrow Pointer right right right orbit right

3D 3D

CONSORTIUM

web

Figure 4.9. Recommended Keyboard Navigation Keys and Responses
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Navigation model 2

User's current view can be animated

* ROUTE new position/direction event values to the
Viewpoint itself, or to parent Transform nodes

* User navigation offsets to that view remain in effect

* Thus “over the shoulder” viewpoints can follow a
moving object around, while still allowing user to
look around while in that moving viewpoint

Lefty and Lucy shark in the Kelp Forest Main
scene use this technique as virtual tour guide

3D 3D

CONSORTIUM

web
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web

NavigationInfo node

NavigationInfo indicates how a browser might
best support user navigation in the scene

Multiple NavigationInfo nodes may exist in scene
* Or in multiple Inline scenes loaded together

NavigationInfo is an X3DBindableNode
* So only one can be active at a given time
* Follow the same binding rules as Viewpoint, but not
easily selectable

* Can be linked to a given Viewpoint by ROUTE that
connects isBound of one node to set_bind of othe

3D 3D

CONSORTIUM

Chapter04-ViewingNavigation
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NavigationInfo type

Primary field is type which indicates which of the
various modes of navigation are relevant
» "EXAMINE" best for rotating solitary objects
* "FLY" allows zooming in, out and around
* "WALK" also allows exploration, but on the ground
* "LOOKAT" use pointer to select geometry of interest
* "ANY" lets user select any mode
* "NONE" gives user zero control of navigation

MFString array default fype="'"EXAMINE" "ANY" '

» which gives users plenty of flexibility
web[3D X3D

CONSORTIUM

Chapter04-ViewingNavigation
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NavigationInfo type details 1

web

Chapter04-ViewingNavigation

"EXAMINE" Used to view individual objects. Scene
navigation consists of rotating the user viewpoint
about the center of the observed object. The
centerOfRotation field of the currently bound
Viewpoint node values determines which local point
centers the view rotation.

"WALK" Used when exploring a virtual world on
the ground. The user’s eye level stays above the
ground geometry and collision detection prevents
the user from falling if underlying geometry is
present.

3D )<3D

CONSORTIUM
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NavigationInfo type details 2

web

Chapter04-ViewingNavigation

3D

CONSORTIUM

"FLY" Similar to “WALK", but terrain following and
collision detection is ignored. This type of
navigation has the fewest constraints. Shifts the
current view and related centerOfRotation values to
track or zoom toward objects of interest to user.
"ANY" Browser is allowed to provide whichever
navigation type seems appropriate for the task at
hand, modifying the user interface if necessary.
"NONE" All navigation disabled and hidden.

Navigation remains possible via animation of
viewpoint fields or by binding other viewpoints

(using viewpoint-list selection or Anchor nodex

32



NavigationInfo speed, headlight

speed determines how fast navigation occurs
* Default value 1 meter/second is usually pretty slow
* Might need to vary widely from ground to space

headlight is whether a light is shining ahead from
user's point of view

 Otherwise one or more Light nodes is needed
(covered in Chapter 11), or else world goes black

3D X3D

web

Chapter04-ViewingNavigation
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NavigationInfo transitions

transitionType determines type of path followed
when transitioning between viewpoints
* "ANIMATE" browser chooses smoothing algorithm
» "LINEAR" interpolation of position, orientation
* "TELEPORT" immediate repositioning to destination
transitionTime

* initial array value used for linear, otherwise multiple
values can be used by browser-specific "ANIMATE"

transitionComplete lets author know when done
* SFBool boolean event sent when move is finished

3D 3D

CONSORTIUM

web

transitionType is an inputOutput MFString array of quoted string values

transitionTime is an inputOutput MFBool boolean array of time intervals

transitionComplete is an outputOnly SFTime value

Chapter04-ViewingNavigation

34



avatarSize SFVec3f array

avatarSize[0] = 0.25m
Allowed collision distance

_ r ¢ avatarSize[1] = 1.6m

Viewpoint height above terrain

¢ avatarSize [2] = 0.75m

Maximum step-over height

Y=0

A Local ground level

Note that an SFVec3f is a 3-tuple with 3 component values

Chapter04-ViewingNavigation
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NavigationInfo visibilityLimit

visibilityLimit defines the maximum range that
may be rendered by the browser

» Measured from the user's point of view

» Geometry beyond that distance are not drawn

* visibilityLimit="0.0' means no limits are imposed
Quality thumbrule: meet following relationship

* gvatarSize.collisionDistance [ visibilityLimit < 10,000

* Avoids floating-point roundoff error on graphics card
and almost-coplanar polygon tearing/aliasing

* Exactly coplanar polygons still suffer from aliasing
web{3D X3D

CONSORTIUM
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e Navigationinfo.x3e x}

BE-s- ATSE Fe %
<?wml version="1.0" encoding="UTF-38"?>

<!DOCTYPE X3D PUBLIC "IS0//Web3D//DTD X3D 3.1//EN" "http://wuw.web3d.org/specifications/x3d-3.1.dcd">
<X3D profile='Immersive' version='3.1' xmlns:xsd='http://wvw.w3.org/2001/XMLSchema-instance'
nollamespaceSchemalocation="'hotp://www.web3id.org/specifications/x3d-3.1.xsd' »

00 ¥ 9

xsd

= <hsad>
<meta content='NHavigationInfo.x3d' nam=='title'/>

<meta content='NavigationInfo override example for Kelp Forest world.' nam=='description'/>

<meta content='Leonard Daly and Don Brutzman' name='creator'/>
<meta content='14 November 2005' nams='created'/»>

<meta contznt='g January 2008' name='modified'/>

<meta

ontent='http://X3dGraphics.com' name='reference'/>
<meta contsnt='http://vwv.web3d.org/x3d/content/examples/help.html' name='reference' />

<meta content='Copyright (&) 2005, Daly Pealism Gamp; Don Brutzman' name='rights'/>

<meta cont=nt='X3D book, X3D graphics, X3D-Edit, http://www.x3dGraphics.com' nam=='subjescc'/>

izwingNavigation/NavigationInfo.x3

<«m=ta contznt='http://X3dGraphics.com/examples/X3dForWebiuthors/Chapterd

name='identifier'/»

<meta content='X3D-Edit, https://savage.nps.esdu/X3D-Edit' nam=='gsnerat

<meta content='../license.html' nams='license'/>
u </head>

E <3cens>
= < o o no arent s

contanerField

<NavigationInfo cype='"EXZAMINE" "ANT"' />

<Inline url='
"../KelpForestExhibit/KelpForestMain. x3d"
"../KelpForestExhibit/KelpForestMain.wrl"”

"htop://X3dGraphics.com/examples/X3dForTebAuthors/EelpForestExhibit speed ‘
"htop://X3dGraphics.com/examples/X3dForTebAuchors/EelpForestExhibit headight
r </Scenes
L| </x3p> transitonType |LINEAR -]
fransitiorTime ‘1 ‘
visiityLimit ‘O ‘
avatarSize [0.25 |[Le [0.75 |
24:20 ||INS
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= NavigationInfo

Navigationlnfo describes the viewing model and physical characteristics of the viewer's
Hint: for inspection of simple objects, usahility often improves with type="EXAMINE"
Hint: Navigationlnfo types ""WALK" "FLY"" support camera-to-shject collision detection. Background, Fog, NavigationInfo, TextureBackground and
Viewpoint are bindable nodes.

[pEF

[DEF ID SIMPLIED]
DEF defines a unique [D name for this node, referencable by other nodes.
Hint: descriptive DEF names improve clarity and help document a model

[USE IDREF #IMPLIED]
USE means reuse an akready DEF-ed node ID), ignosing _all_ other attributes and children
Hint: USEing other geometry (instead of duplicating nodes) can improve performance
Warning: do NOT inchide DEF (o any other attribute vabues) when using a USE attribute!

erpe

[type: accessType inputOutput, type MFString CDATA "EXAMINE" "ANY"]
Enter one or more quoted Strings: "EXAMINE™ "WALK" "FLY™ "LOOKAT" "ANY" "NONE". Hmt: for inspection of smple objects, usability often improves with
type="ENAMINE" "ANY". Hint types WALK and FLY force strict camera-to-object collision detection. Hmt: see Collision node for further detals on camera-to-object
collision detection. Hint: Strings can have nultiple values, so separate each string by quote marks [ Thtp:/www.arl].org” "http:/www.urll.org” "etc.” |

Interchange profile hint: this field may be ignored

[speed: accessType inputOutput, fype SFFloat CDATA "1.0"]
[0, +infinity) Default rate at which viewer travels through scene, meters/second.
Warning: defait 1 m's usually seems slow for ordinary navigation
Interchange profile hint: this field may be ignored

esdiight

[headlight: accessType inputOutput, fype SEBool (true|false) "true”|
Enabledisable directional light that always points in the direction the user is looking.

ovarsien

[avatarSize: access Type inputOutput, fype MFFloat CDATA "0.25 1.6 0.75"]

avatarSize triplet values are: (a) collsion distance between user and geometry (near culing plane of the view frustrum) (b) viewer height above terrain (c) tallest height viewer
can WALK over. Hint keep (visibityLimit / avatarSize ColisionDistance) < 10,000 to avoid alissing artfacts (i.e. polygon "tearing).

Interchange profile hint: this field may be ignored

iy Limi

[visibilityLimit: accessType inputOutpat, fype SFEloat CDATA "0.0"]
Geometry beyond the visibityLimit may not be rendered (far culfing planc of the view frustrum), visibiltyLimit=0.0 incicates an infiite ~isibiity kit Hint: keep visibityLimit
>= zero. Hint: keep (visibilityLimit  avatarSize ColisionDistance) < 10,000 to avoid aasing artfacts (ic. polygon "tearing)

Interchange profile hint: this field may be ignored

[mansieaTrpe

[transitionType: accessType inputQutput, type MFString CDATA "ANIMATE")
Enter one or more quoted Strings: "ANIMATE" "LINEAR" “TELEPORT".
Interchange profile hint: this field may be ignored

e———

[transitionTime: access Type imputOutput, type MFFloat CDATA "1.0"]
[Duration of viewpoint transition, Hint: If transition Type is "ANIMATE”, transiionTime provides browser-dependent animation
Interchange profile hint: this field may be ignored

errere——

[transitionComplete: accessType outputOnly, fype MEFloat CDATA SFIXED
Event signaling \iewpoit transition congplete
Interchange profile hint: this field may be ignored

et _bind

(set_bind: accessType inputOuly, tvpe SFBool (true/false) sFIXED "]
Setting set_bind true makes this node active setting set_bind false makes this node inactive, Thus setting set_bind true false will pop/push (enable/disable) this node

[GandTiame

[bind Time: accessType outputOnly, type SETime CDATA #FIXED "]
[Event sent when node becomes activeinactive.

[isBound: accessType outputOaly, type SFBool (truelfalse) FIXED "]
Event true sent when node becomes active, event false sent when unbound by another node.

rem—ry

[containerField: NNITOKEN "children "]
containerField is the field-label prefix indicating relationship to parent node. Examples: geometry Box, children Group, proxy Shape. coatainerField attribute is only supported
la XML encoding of X3D scenes

http://www.web3d.org/x3d/content/X3dTooltips.html#Navigationinfo
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W AliasingExample.x3d - Editor [ X

e AlasingExamplexad X | _ri=lml
BR-5- AT 5@ #% ¢ 00 v¥ w

<Pxml version="1.0" =acoding="UTF-8"7>

<IDOCTYPE X3D PUBLIC "IS0//Web3D//DTD ¥3D 3.1//EN" "http://wew.weh3d.orq/specifications/x3d-3.1.ded">

E <X3D profile=' Interchangs' version='3.1' wmins:esd='heep://www.ws.org/2001/KMLSchema-instance’

xsd:nollamespac maLocation='http://vwu.web3d.org/specifications/x3d-3.1.xsd >
<h=ad>
<meta content='AliasingExample.x3d' name='title'/>
<meta cc 'Illustrates the =ffect of aliasing (tearing) by the coplanar overlap of two cubes with different colors.'
‘dzseription’ />
<meta conten

'Leonard Daly and Don Brutzman' nam=='creator'/>

'18 June 2006' name='created'/>
'7 January 2008' name='modified'/>
‘ntep://¥3dGraphics.com' name='reference'/>

<meta conten

<meta conten
<meta conten
<meta conten

‘htep://www.web3d.org/x3d/content/examples/help. heml! reference'/>

<meta contenc='Copyright (c) 2008, Daly Realism and Don Brutzman' nams='rights'/>
'E3D book, ¥3D graphics, X3D-Edit, http://wow.x3dGraphics.com' name='subjsct'/>
ttp://¥3dGraphics . com/examples/E3dFori=biuthors/Chapter04-Viewingliavigation/ AliasingExample.x3d' name='identifisr'/>

3D-Edit, https://savage.nps

<meta conten

<meta conten

<meta conten

du/¥3D-Edit' name='generator'/>

<meta contenc='../license.html' name='license'/>
H </hzaas
Ol <Scene>
<Background skyColor='1 1 1'/> i3 Viewer ®

<MavigationInfo headlight='true' type='"EXAMINE" "ANY"'/>
<Viewpoint description='Book View'/»>

= <Transform translaticn='-.25 0 0'>

% <Shaps>

] <Appearances

<Material diffuseColor='10 0'/>
r </Appearance>

<Box/>

F </Shap=>

F </Transtorm:

B <Transform translation='.25 0 0'>

% <Shape>

= <Appearance>

<Material diffuseColor='0 1 1'/>
F </Appearance>

<Box/>

b </Shap=>

r </Transforms

| e OB €[ 2] ¢ ook -] > 8| ]

S| </E3D>

58.82

29:13 INS

Aliasing (sometimes called tearing) occurs when the rendering engine is not able to
detect which polygon is closer to the viewer. Here most of each unit box is directly
superimposed on the other.

Moving the viewpoint varies the aliasing pattern a lot.

Moral of the story: don't do that, avoid coplanar polygons.

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/AliasingExample.x3d
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web

Anchor node

Anchor is another grouping node that can
contain other nodes

Geometry rendered by contained nodes is
activated and can be selected
* Clicking on Anchor geometry launches url link

* Alternatively can select a viewpoint in the scene
(similar to HTML bookmark)

* Thus similar to HTML anchor tag

Selected link can replace current X3D scene, or
else can launch into another browser window,

3D 3D

CONSORTIUM
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Anchor description

The description field provides the user with a
single-string summary of what is selected
when the Anchor geometry is selected, e.g.

* description='click door, open portal to new world'
* description="jump to next viewpoint...'

X3D browsers usually pop up the text description
when the pointing device is over the selection
geometry

3D X3D

web

Chapter04-ViewingNavigation
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url Uniform Resource Locator

The url/ field provides either

* Address to new X3D scene, HTML page, or another
Web resource, or else

 Viewpoint bookmark within the scene

MFString array provides alternate url addresses
* url addresses can be either local or online
* Point to alternate versions of same resource

* X3D browser goes sequentially through ordered list,
one at a time, until one retrieval succeeds

3D X3D

web

Chapter04-ViewingNavigation
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Anchor parameter

parameter provides additional information to
browser regarding redirection of loaded result
* parameter='target=_blank' sends to new frame
» parameter="target=frame4' sends to named frame
* May be ignored if browser is solely X3D capable,
rather than (for instance) a Web-browser plugin

Once again, designed to match HTML anchor tag

3D X3D

web

Chapter04-ViewingNavigation
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Anchor hints and warnings

Strictly match capitalization of directories and
filenames
* Unix and http are case sensitive and fail otherwise
* Windows is forgiving but actually this hides errors
XML escape characters
* & (ampersand) &amp;
* ' (apostrophe) &apos;
* " (double quote) &quot;

3D X3D

web

Chapter04-ViewingNavigation
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4 Anchorxdd | dri=al
BE-F- AeS5E £#&% 00 v¥ %

<?ml version="1.0" =ncoding="UTF-8"2> -

<!DOCTYPE X3D PUBLIC "IS0//U=b3D//DTD ¥3D 3.1//EN" "http://wuw.wsb3d.org/specifications/x3d-3.1.ded">

<E3D profile=' Inmersive

=rsion='3.1' xmlns:xsd='http://www.u3.org/2001/XMLSchema- instance
xsd:noNamespaceSchemalocation='http://wuw. web3d.org/specifications/x3d-3.1.xsd' >
= <head>

<meta content='Anchor.x3d' name

title'/>

<msta content='Anchor example using the Kelp Forest world.' name='description'/»

<m=ta contsnc='Leonard Daly and Don Brutzman' nam=='creator'/>

<m=ta contsnc='14 November 2005' nams='creatsd'/>

<m=ta concsnct='7 January 2007' name='modified'/>

<m=ta contem

Show Anchor link to Montersy Bay Aquarium web site for Kelp Forsst exhibit' nams='refesrence'/»>

<m=ta /wuw.mbayaq. org/efe/kslp.asp! name='referenc

<msta content='http://wvw.weh3d.org/x3d/content/examples/help. html! reference! />

<m=ta Copyright (c) 2005, Daly RBealism &amp: Don Brutzman' name
<msta content='¥3D book, ¥3D graphics, E3D-Edit, hrtp
hrep:
name='identifier'/>

rights' />

/wuw. x3dGraphics.com'| name='subject' />

<meta contemn

/¥3dGraphics.com/examples/¥3dForWebiuthors/Chapter04-Visvingllavigat ion/ Anchor . x3d

<msta content='¥3D-Edit, https://savage.nps.edu/¥3D-Edit' name='generator'/>
<m=ta ../license html' name='license'/>
F|  </hzads
<Seene>

<Transform translation='0 8 30'>

<Viewpoint d=s
<Anchor DE
paramste

iption="wiew Anchor text” position="0 -1 12"/> -

AnchorExampls' description='Aquarium Exhibit Web Site

targe

- blank' url='htep://www.nbayag.org/=fe/kelp. asp'>
<Shape bbox3 -1 -1 -1'>
<Text string='"Click orangs text for" "Montersy Bay Aquarium” "kslp forest web site”'>
<FontStyls justify=' "MIDDLE" "MIDDLE"' size='0.6'/>
</ Text>
<Appsarance>
<Material DEF='Autumnil' smbientlIntsnsity='0.25641' diffussColor='0.795918 0.273554 0.006861
shininsss='1' spscularColor='0.48655 0.3189155 0.444036'/>

</Appearance>
</ Shaps>
</Anchor>
</Transform-
<Inlinz url='"../EslpForsstExhibit/KelpForestMain. x3d”

"../FelpForsstExhibit/EslpForsstMain. vrl”

"hrep://¥3dGraphics. com/examples/¥3dForWebAuthors/KelpForestExhibit/KelpForestMain. x3d"

"htep://¥3dGraphics. com/examples/X3dForWebAuthors/KelpForestExhibit/KelpForestiain. wrl™" />
</Scene>

[T

ns

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/Anchor.x3d
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Anchor example scene, editor

W Edit Anchor

£

Welcome to the NPS simulation of the
Monterey Bay Aquarium Kelp Forest DEF ® [AnchorExample containerField
Click orange text for o o
Monterey Bay Aquarium USE
kelp forest web site

Aquarium Exhibit Web Site
description

Ul hep: ffwww. mbayag.org/efc/kelp.asp

parameter |target=_blank

bboxCenter ‘O | |O | |O |

bboxSize ‘-1 | |—l | |—1 |

web

3D 3D

CONSORTIUM
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Anchor is a Grouping node that can contain most nodes, Clicking Anchored geometry loads content specified by the url field. Loaded content completely
replaces current comtent, if parameter is same window,
Hint: insert 2 Shape node before adding geometry or Appearance.
[DEF ID ¥IMPLIED]
IDEF defines a urique ID name for this node, referen
tive DEF names improve clasity and help do

already DEF-ed node ID), ignoring _all_ other attributes and children
USEing other geometry (instead of duplicating nodes) can improve performance.
do NOT inchide D any other antsibute vabies) when using & USE anwibute!
[description: accessType mputQutpat, type SFString CDATA SINMPLIED]
Text description to be displayed for action of this node. Hint: many XML tools substitute XML character references automatically f needed (ke &
i
Interchange profile hint: this field may be ignored
MFString CDATA #INPLIED]
|Address of replac ed by chickan
mp to 8 world's internal viewpoint by view ame (e.g. #ViewpoimtName, someOtherCoolWorld witiGrandTor

 muliple vahues, 30 separate s [ Thatpe

;

F P 10 a local viewpoint by oy andTow)
E

E

encoding for " is
v match directo
Hint: can replace embedded blank(s) in url queries with &

Hint: pop p a new window with url value as follows: “JavaScript-window,. open( popup hl, popup, ‘width=240.height=240) location href="HelloWorld wif”

[parameter: accessType inputOutput, type MFString CDATA #INPLIED]
Passed pasameter that signals web browser how to redirect url loading. Hint set parameter 10 target=_blank to load target vl o a blank fiame. Hint set parameter to
target=frame_name to load target wl into another fame. Hint Strings ca iple valtes, so separate each string by quote marks. [ hitp:/www el org”
www url2 org” "ete
Taterchange profile hint: this feld may be ignored
[bboxCenter: accessTyp lizeOuly, type SFVec3 CDATA "0 00"
Bounding bex center: position offsct from origin of local coordinat "
[bboxSize: accessType initializeOnly, type SFVec3f CDATA ™11 -17]
Bounding box size: jated, can be specified as an optEmization of constaEL

the field-label prefix indicating relationship to parent node. Examples: geometry Box, ehildren Group, proxy Shape. containerField ansibute is oedy supported
£ X3D scenes

[class CDATA #INPLIED]
class is a space-separated lit of classes, reserved for use by XML stylesheets. class anribute is only supported in XML encoding of X3

http://www.web3d.org/x3d/content/X3dTooltips.html#Anchor
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Billboard node

Billboard is another X3DGroupingNode

Child-content geometry faces user
* Special effect that improves readability or visibility

axisOfRotation field determines Billboard pivot
* Relative to local coordinate system

» Default is axisOfRotation='0 1 0' which swivels
about vertical (Y axis)

» Rotations unpredictable when above (on axis)
* Define axisOfRotation="'0 0 Q' for circular rotation

to always fully face user without axis constraints
web[3D X3D
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Billboard hints and warnings

DEF, USE allowed for multiple Billboards nodes
* Each copy should independently face user

Put Billboard as close to moving geometry as
possible, nested inside a positioning Transform

Do not put a Viewpoint under a Billboard
* Creates a feedback loop
* Unpredictable behavior likely to result

3D X3D
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e Bilboard x3d | A=

=

BEH-E- Q35E £#& %
<?xml version="1.0" encoding ITF-8"2>

<IDOCTYPE X3D PUBLIC "ISO//Web3D//DTD X3D 3.1//EN" "htep://www.web3d.org/specifications/x3d-3.1.ded™s

<E3D profil

Immersive' version='3.1' xmlns:xsd='hotp://wow.u3.org/2001/KML5chema-instance'

xsd: nolamespaceSchemalocation=' http: //wow, veb3d. org/specificacions/x3d-3. 1.xsd'>
| <head>
<meta conten
<meta conten

='Billboard.x3d' nams='title'/>

Illustrates Billboard operation using Kelp Forsst exampls Scenss for Figure 4.4, E3D for Ueb Authors.' nams='deseription'/
Don Brutzman and Leonard Daly' name='crzator'/>

13 June 2004' nam=
7 January 2007' name='modified'/>

<meta

<meta creaced' />

<meta o

<meta http://web.nps.navy.mil/~brutzman/kelp' nsme='refsrence' />

<weta nttp://web.nps.navy.mil/~brutzman/kelp/KelpForestDesignPaper.pdf' name='referzncs'/>

<meta ='Kelp Forest 3D models' nams='subject'/>

<meta Pevisions Copyright (c) 200&, Daly Realism and Don Brutzman. Original content has permissions for fres use. Plsase provide
<meta netp://¥3dGraphics. com/ examples/ X3dForWebAuthors/ Chapter0d-Visvingiavigation/Billboard, x3d' name='identifier'/>
<meta ¥3D-Edit, https://savage.nps.sdu/X3D-Edit' nams='gensrator'/>
<meta ../license.html' nam=='license'/>
r </head>
<Scene>

<Background groundingle='1.308 1.571' groundColor='0.1 0.1 0.0 0.4 0.25 0.2 0. 0.8 0.8' skyingle='1.309 1.571' skyColor='0.0 0.5 1.0 0.C
<Viewpoint des 0 -5 45'/>

Text messags from ahsad' position
<Viswpoint description ='0 1 0 0.86' position='37.01 -5 29.59'/>
<Billboard| axis0fRotacia
<Inline ur
"../FelpForestExhibit/Incroductiontessags. wrl® W Edit board &
/KelpForestExhibit/ Introductionlessags. x3d"
/¥3dGraphics . con/ examples/ E3dForsbAuthors/Ke lpForest.

://¥3dGraphics. com/ examples/ E3dForVebiuthors/Ke lpForest. DEF ® l:l containerFigld

r </Billboard>
<Inline url=' USE O O
/¥elpForestExhibit/KelpTank.url”
../FelpForestExhibit/KelpTank.x34"

Text message Billboard sffsct' orisntatio
010>

"htep://K3dGraphics.com/ examples/X3dForWebAuthors/Ke lpForest
"ntep://K3AGraphies. com/examples/ F3aFervsbauchors,/Fe lprorasc AXSOfROtation |O ||O ‘
r </Seene>
L </x3p> bboxCenter |O ||0 ‘
bboxSize |—l ||—1 \
[ D}
2315 |[INS

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/Billboard.x3d
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Billboard example

Starting at initial
viewpoint and
navigating with
mouse or arrow
keys reveals that
Billboard Text
remains facing
the viewer,
improving
readability

3D
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http://www.x3dbook.com/examples/X3dForWebAuthors/KelpForestExhibit/KelpForestMain.x3d

Chapter04-ViewingNavigation

Welcome to the NPS simulation of the
Monterey Bay Aquarium Kelp Forest

-

Find sharks! See new viewpoints!
Press PageDown, wait and watch.

Welcome to the NPS simulation of the
Monterey Bay Aquarium Kelp Forest

Find sharks! See new viewpoints!
Press PageDown, wait and watch.
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Set axisOfRo 0=0 0 0 to fully face the

the user, rotating about the specified axi

Billboard is a Grouping node that can contain most nodes. Content fac

user's camera.

- Put Billboard as close to the geometry as possible, nested inside Transform for local coordinate system.
nside a Billboard

Billboard
- don't put Viewpain
- insert a Shape node hefore adding geometry or Appearance.

[DEF ID #IMPLIED]
defines a unique D name for this node, referencable by ether nodes
descriptive DEF names improve clasity and help document a model

ing _all attributes a

[USE IDREF sIMPLIED]
an already DEF-ed node ID, ignos
tead of duplicating nodes) can improve performan

T
200nly, type SFVec3f CDATA 00 0"]

I anis 02

[bboxCenter: accessTyps
|Bounding box center. position offset from origin of local coordinate system
[bboxSize: accessType initializeOuly, type SFVec3f CDATA "-1-1-17]
: Joulated, can be specified as an optimization or constraint
eld-label prefix indicating relationship to parent node. Examples: geometry Box, children Group, proxy Shape. containerField armibate is only supported

erField: NNITOKEN "children”]

contanerField is the
fin XML encoding of X3D
[class CDATA #INPLIED]

Jelass is a space-separated list of classes, reserved for use by

enes.

ML stylesheets. class attribute is only supported in XML encoding of X3D scenes

http://www.web3d.org/x3d/content/X3dTooltips.html#Billboard
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Collision node

Defines camera-to-object collision-detection
properties between child geometry and user

* enabled="true' blocks user navigation through the
geometry

* enabled='false' blocks user navigation through the
geometry

Not used for object-to-object collision detection

Authors can detect when collision occurs
* SFTime outputOnly event collideTime

* SFBool outputOnly event isActive
web[3D X3D

CONSORTIUM

Chapter04-ViewingNavigation

53



Collision detection and terrain following

Terrain following depends on +Y axis being “up”

» Other coordinate systems are possible but do not
match this X3D convention

* Thus datasets using other coordinates must be
converted to match
WALK mode is another form of collision detection

* Viewer's camera drops until NavigationInfo avatar
rests on geometry serving as the ground plane

 Step-over distance (an avatarSize parameter)
governs whether user can rise over obstacles

3D X3D

web
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Collision proxy field

Child geometry may be quite detailed, irregular
* Complicating collision-detection calculations and
thus slowing rendering performance
Can substitute SFNode proxy child as alternate

* Shape containing a Box, Sphere or Cylinder can
provide simplifying geometric alternative

* proxy geometry is not rendered

<Collision DEF='Example' enabled='true'>
<Shape containerField='proxy'><Cylinder/></Shape>
<Inline url='SomeComplicatedObject.x3d'/>

</Collision>
web|3D SD
CONSORTIUM
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Collision hints and warnings

<NavigationInfo type=' "WALK" "FLY" '/>
modes support camera-to-object collision
detection

Only polygonal geometry can be used for
collision detection
* No points or lines
* Special limitation: no Text node collisions

* Nevertheless can achieve same collision effects
by adding a transparent Box or polygon, thus
providing the necessary polygons as boundaries

3D 3D
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e Colisionx3d |

RE-F- AesE 2%

<?aml version="1.0" sncoding=
<!DOCTYPE X3P PUBLIC "ISQ//Weh3D//DTD X3D 3.1//EN" "http://www.wsb3d.org/specifications/x3d-3.1.ded">

E <¥3D profile=' Inmersive' version='3.1' xmlns:xsd='http://wwu.wd.org/2001/XMLSchema-instance' xsd:nollamespac=Schemalocation='http://www.web3d
] <heads

<meta content='Collision.x3d' name='title'/>

<meta ='Illustrate Collision node: [set enabled="true" to block zooming through glass.'

oncent='Don Brutzman and Leonard Daly'

name='description' />
<meta

name='creator' />

<meta 1 Juns 1998' name='created'/> W Edit Collisior

<meta 13 June 2004' nawe='translated'/>

<meta 7 January 2008' name='modifisd’'/>

emeta Btep://web.nps.navy.mil/~brutzman/kelp' nawes'reference’ /s DEF|® containerField
<meta http://web.nps.navy.mil/~brutzman/kelp/KelpForestDesignPaper . pdf! USE ) O

<meta

Eelp Forsst 3D modsls' name='subjsct'/>

<meta Revisions Copyright (c) 2008, Daly Realism and Don Brutzman. Origi

http://X3dGraphics.com/examples/¥3dForUebAuthors/KelpForestExhibiy

enabled
<msta

<meta http://X3dGraphics.com/examples/¥3dForlebAuthors/Chapter04-Viewing colideTime ‘\ |

<meta content='X3D-Edit, https://savage.nps.edu/X3D-Edit' name='generator'/s R | ‘\ Il I |

<meta content='../license.html' name='license' /> v
F| </heads bboxCerter [0 | I[o o |
| <Scen=> !

<NavigationInfo spssd='3' typs='"FLY" "ANT"'/> bboxsize "1\ ||’1 ‘ "1 |

<Viewpoint d= Outside Tank' orientation='0.21 0.97 -0.14 1.202' positic

Inside Tank' orisntation='0.21 0.97 -0.14 1.202' position .
=
hibit/KelpTank.wrl" "../KelpForestExhibit/KelpTank.x3d" "http://X3dGrqphics.com/examples/E3dForWebiuthors)
r </Collision>
r </Scene>
Ul 2/E3D>
-

initial view outside tank glass zoom into tank, collision off blocked by glass, collision on

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/Collision.x3d
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Collision example

Example screen shots
first show the viewer
being stopped by
glass geometry, then
the viewer passing
through the tank glass
for a closer view.

Collision enabled="true"
or enabled="false"
result in different
navigation responses.

3D
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X3D for Web Authors, Figure 4.5
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Collision detects camera-to-object contact using current Viewpoint and Navigationlnfo avatarSize. Collision is a Grouping node that handles collision
detection for its children. Collision can contain a single proxy child node for substitute collision-detection geomeiry. Note: proxy geometry is nof rendered.
Note: PointSet, ladexedLineSet, eSet and Text do not trigger collisions.
At improve performance using proxy for simpler contact-calcalation geometry.
Navigationlnfo £ WALK" "FLY"" support camera-to-object collision detection.

insert a Shape node before adding geometry or Appearance.

[DEF ID #IMPLIED]
IDEF defines a wique 1D name for this node, referencable by other nodes
Hint: descriptive DEF names improve clarity and help document a model

[USE IDREF 4IMPLIED]
USE means reuse an already DEF-¢d node ID, ignoring _all_ other attributes and children.
Hint: USEing other geometry (instead of duplicating nodes) can improve performance.

rming: do NOT inchide DEF (or any other attribute valies) when using a USE atribute!

[bboxCenter: accessType initializeOnly, tvpe SFVec3f CDATA "000"]
[Bounding box center: position offset from orign of local coordinate system

[bboxSize: accessType initializeOuly, type SFVec3f CDATA "-1-1-1"]
[Bounding box size: automatically calculated, can be specified as an optimization or constraint

[enabled: accessType inputOutput, fype SEBaal (truelfalse) "true”]
|Enables/disables collision detection for children and all descendants.
Hini: former name "collide” in VRML 97 specification

lisActive: accessType outputOnly, type SFBoal (true(false) #FIXED ""']
isActive true false events are sent when triggering the sensor. isActive e when view-object collision occurs, isActive=false when view-object collision no longer occurs.

[collideTime: accessType outputOsly, rype SFTime CDATA FINED "]
Time of colision between camera (avatar) and geometry

[containerField: NAITOKEN "children"]

containerField is the field-label prefix indicating relationship to parent node. Examples: geometry Box, children Group, proxy Shape. containerField attribute is only supported

in XML encoding of X3D scenes

[class CDATA #INPLIED]
class is a space-separated list of classes, reserved for use by XML stylesheets. class attribute is oaly supported in XML encoding

http://www.web3d.org/x3d/content/X3dTooltips.html#Collision

Chapter04-ViewingNavigation
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File formatting

X3D-Edit has a Netbeans capability for formatting

 Alt-shift-F Format acts upon highlighted text blocks,
also available via right-click menu

* Warning: do not reformat embedded ECMAscript
source code

X3D Canonicalization (C14N) also reformats X3D
* Performed prior to examples being placed in archive
» Will be added to X3D-Edit Tools menu

3D 3D

CONSORTIUM

web

Source Editing in Netbeans 6.0
http://www.netbeans.org/kb/60/java/editor-tips.html

X3D Canonical Form
http://www.web3d.org/x3d/specifications/ISO-IEC-19776-3-X3DEncodings-CompressedBinary/Part03/concepts.html#X3DCanonicalForm

Issue-tracker entry for C14N addition to X3D-Edit
https://www.movesinstitute.org/bugzilla/show_bug.cgi?id=1461

Chapter04-ViewingNavigation
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Pretty-print HTML capabilities

Pretty print means to reformat nicely in HTML,
usually with color coding

« facilitates reading and printing
X3D-Edit has this Netbeans feature
* File > Print to HTML
X3dToXhtml.xslt stylesheet
* Includes indices and hyperlinks to DEF/USE,

ROUTEs, images, url values, prototypes, etc.
e Can be launched via XSL Transformation button
» Will be added to X3D-Edit Tools menu

3D 3D

CONSORTIUM
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Tagset pretty-printing in XHTML (.html encoding), includes cross linking of
DEF/USE/ROUTE/etc.: X3dToXhtml.xslt and X3dToXhtml.bat

http://www.web3d.org/x3d/content/examples/help.html#Conversions

Issue-tracker entry for X3dToXhtml.xslt addition to X3D-Edit
https://www.movesinstitute.org/bugzilla/show_bug.cgi?id=1549

Chapter04-ViewingNavigation
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Launching other XSLT stylesheets

Extensible Stylesheet Language for XML (XSLT)
stylesheets support a variety of conversions
* X3dToVrml97.xslt * | X3dToXhtml.xslt|
« X3dToClassicVRML.xslt * others

W BindingOperations.x3d - Editor

4 BindingOperations.x3d X | =Bl
255 Q%5 fe% 99 o8 v9 [
1 [ <#mml version="1.0" =ncoding="UTF-8"2> i [a]
2 | <IDOCTYPE X3D PUBLIC "IS0//Web3D//DTD X3D 3.1//Eww wiASL Transformation..b o specificaribng/x3d- -!
3 <X3D profile='J}
4 <hzad>
5 <meta cont . = ool o—
5 cmeta concd LOOKIN ‘@stylesheem & E’f -
7 “wm=ta 2ontq k¥ SdExirusionToSvgViaXsltl Lxslt  fh « 3dTovrmie 7. sl h ¢ 3dToxhtml. xslt
2 "‘mz # 3dExtrusionToSvgYiaxslt2,0, xslt # 3dTox 3dvClassicVrmEncoding. xslt
con
10 concd 4] E [ T»
E :‘mz File Name: ‘C:\www.webSd.org\x3d\toolsv'3dEdit3.2¥x'3D\src\www.web3dorg\de\stersheetS‘ | Qpen |
con
13 =ta contq Fies of Type: [Al Fies -
1a
[l : —
14:52 INS I
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Operations.x3d (X3dToXhtml) - Mozilla F
Fie Edt Vew History Bookmarks Tools GUtl! Help

- -e@ BN=-0F O @ http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations. html "‘ D]

~

<?xml version=v1.0" encoding="UTF-8"73> =
<!DOCTYPE X3D PUBLIC "ISO//Web3D//DID XD $.1//EN"  "mttp://www.web3d.org/specifications/x3d-3.1.dtd"™>

<X3D profile="Tmmersive' version='3 1" xmlnsxsd="http/
<head>
<meta name='tifle' content="BindingOperations x3d'/>
<meta name='description’ content=Thistrate Viewpoint binding operations as described in Chapter 4 concepts. Display the browser console to see an event/>
<meta name="creator’ content="Don Brutzman'/>

www w3 org/2001/ XML Schema-instance’ xsdnoNamespaceSchemalocation="http//www web3d or i 3d-3.1 xsd >

<meta name=created' content="5 January 2008'/>

<meta name="modified' content="5 January 2008'/>

<meta name="reference’ content="http/X3dGraphics.com />

<meta name="reference’ content="hitp://www.web3d.org/ E il >

<meta name='rights' content='Copyright Don Brutzman and Leonard Daly 2007'/>

<meta name="subject’ content="X3D book, X3D graphics, X3D-Edit, http//www x3dGraphics com ">
<meta name="reference’ content="BindinsOperations console tut'/>

<meta name="identifier’ content="http:/X3dGraphics com/examplesX3dF orWebAuthors/Chapter(4-Viewin;

<meta name="generator' content="X3D-Edit. http:/www.web3d.org/x3d/s /README X3D-Edit html'/>
<meta name="license' content=" >
</head>
<lee
Index for DEF nodes: Bind erEngine, C ¢, ClickToAnimateView, Clock, Textl, Text2, Text3, Text4, TextTouchSensor, TimingSequencer, Viewl, View2, View3, View4
Index for Viewpoint image. . View4, ClickToAnimate View
>
<Scene>
<!-- Viewl ROUTEs: [from Bindi erEngine.bindView] #o set bind | [from isBound 7o Bind erEngine view1Bound | -->
<Viewpoint DEF='View1' centerOfRotation="-6 0 0' description="Viewpoint 1" position='"-6 0 5'/>
<1-- View2 ROUTE:: [from Bindi erBngine bindView? #o set bind | [fron isBound o Bind etEngine view2Bound | >

<Viewpoint DEF="View2' centerOfRotation="-2 0 0' description="Viewpoint 2' position="-2 0 5'/>
<I-- View3 ROUTEs: [from Bindi erEngine bindView3 7o set_bind ] [fFom isBound ro Bind erEnpine view3Bound | -->

<Viewpoint DEF="View3' centerOfRotation="2 0 0 description="Viewpoint 3' position="2 0 5'/>
<I-- View4 ROUTE:s: [from Bindi erEngine. bindView fo set bind ] [from isBound fo Bind erEngine view4Bound ] -->
<Viewpoint DEF="View4' centerOfRotation="6 0 0 description='"Viewpoint 4' position="6 0 3'/>
<Group>
<Transform DEF="Text]' translation="-6 0 0>
<Shape>
<Text string="View 1" solid="true">

<FontStyle DEF='CenterJustify' justify="MIDDLE" "MIDDLE" />
</Text>
<Annearance> i
@ FAnd: |xs @ Next @ Previous [ Highight al [ Match case
[S< Done % 0.359s [ i@ 725215696 2] 205.155.65236 @ @ @ @ 0:907 {F @/ Now: Overcast, 54° F < | Sun: 55°F <& | Mon:54°F -

http://x3dgraphics.com/examples/X3dForWebAuthors/Chapter04-ViewingNavigation/BindingOperations.html
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Chapter Summary

Users explore X3D worlds by choosing predefined
viewpoints and navigating through 3D space.
* Bindable nodes, so only one is active at a time
* Viewpoint lets authors identify key camera locations
* NavigationInfo provides options for moving around
Nodes to improve user navigability, interaction:
* Anchor makes geometric shapes linkable, like HTML
* Billboard for axis-aligned geometry facing the user
* Collision permits or blocks a user's current camera

view from passing through collidable geometry
web|3D )<3D
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Don Brutzman

brutzman@nps.edu

http://web.nps.navy.mil/~brutzman

Code USW/Br, Naval Postgraduate School
Monterey California 93943-5000 USA
1.831.656.2149 voice
1.831.656.7599 fax
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FooterChapterTitle

Open-source license

Copyright (c) 1995-2008 held by the author(s). All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

e Redistributions of source code must retain the above copyright notice, this list of conditions and the following
disclaimer.

e Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

e Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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