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1. Introduction 

It is projected that by the year 2007 more than 50% of the world’s population will live in urban 
areas.1  This would be the first time in history that urban residents outnumber rural residents, and 
the trend is predicted to continue.  Unfortunately, many demographers believe this will 
contribute to social problems within the urban environment.  For example, a high influx of 
people could result in higher unemployment.  This situation would be a strain on the local 
government to provide even the most basic services.  In the worst case scenario, this could lead 
to social breakdown.  Therefore peacekeeping, and in an extreme scenario, military operations on 
urban terrain (MOUT) may be necessary.  With MOUT, any technological advantage is often 
compromised, e.g., a soldier’s task may be reduced to forced entry of a window in a building 
instead of using some precision-guided weapon.   

Since the 1980s, the U.S. military has been collaborating with the game entertainment industry 
when developing its computer simulators.  Particularly, the U.S. Army recognized this 
convergence of combat simulation with gaming in the release of its first official video game, 
America’s Army (AA), in the summer of 2002.  AA is an online multiplayer game that is ideal 
for MOUT training.  The Internet offers a solution for the delivery of data to participants.  But it 
is the representation of this information that is our concern here. 

The Virtual Reality Modeling Language (VRML) 2.0 offers a compelling presentation of  
three-dimensional (3-D) data with only minimal effort from the computer programmer.  Its 
successor, called Extensible Three-Dimensional (X3D) graphics, was introduced in the summer 
of 2002.  X3D uses the Extensible Markup Language (XML) technology and is more flexible in 
the Web environment.  This may be the reason why it was recently selected as the scene graph 
language by the Moving Picture Experts Group (MPEG).  Note that MPEG is the name of a 
family of standards used for coding audio-visual information.   

Both VRML and X3D describe 3-D scenes in ASCII format.  This promotes software 
development in an open environment, and should not be a limitation as hardware continues to 
obey Moore’s law.  (Moore’s law predicts that processing power doubles every 18 months, while 
at the same time cost remains nearly constant.)   

There is much published about the VRML standard, and little about X3D.  X3D has just been 
standardized and may provide a better or more complete solution, but we are going to wait and 
see if this language becomes widespread like VRML. 

                                                 
1Department of Economic and Social Affairs.  http://www.un.org/News/Press/docs/2004/pop899.doc.htm (accessed  

24 March 2004). 
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This report describes in detail a VRML Door prototype node developed at the U.S. Army 
Research Laboratory (ARL) to assist in MOUT preparation.  It is a VRML node that will be 
generalized for aperture description in the virtual world.  The next section introduces VRML 
concepts necessary for understanding the node that we developed.2  Section 2 describes our door 
prototype with details given in appendix A.  Appendix B proposes an X3D translation of our 
prototype.  We then conclude in section 4. 

2. VRML 2.0 Basics 

The VRML is a scene graph language originally designed for delivering 3-D content over the 
Internet.  Probably the most predominant characteristic of the scene graph description is the 
parent/child relationship of VRML primitives, called nodes.  As part of its definition, it includes 
the capability to specify geometry and its appearance, sense different conditions, and allow 
custom definition of actions.  A VRML application is typically a hierarchical organization of 
these geometries, light sources, sensors, grouping primitives, and script methods assembled in a 
meaningful fashion.  Note that the X3D graphics language appears to be the successor to VRML.  
It is an XML encoding of VRML with some additional functionality.  Many believe that this 
language is destined to be the international standard for 3-D graphics content on the Web. 

The VRML specification defines over 60 nodes (see figure 1), where each is a piece of 
information that implements some functionality.  A node has an optional name and consists of a 
field interface (field, exposedField) and event interface (eventIn, eventOut).  Each node 
generally falls into one of the following categories: 

1. Basic Geometry node for simple shapes, while general shapes are built by listing individual 
coordinate values. 

2. An Appearance node specifying the appearance attributes.  

3. A Shape node which includes both the geometry and appearance. 

4. A Light Source node to control lighting within the virtual world. 

5. A Sensor node for detecting interactions between the user and elements of the 
visualization, or more specifically, other nodes. 

6. Grouping nodes which allow a collection of objects to be defined and manipulated as one.  

7. An Interpolator node for describing the changes that occur during an animation. 

                                                 
2 Virtual Reality Modeling Language (VRML) International Standard ISO/IEC 14772.  http://www.web3d.org/ 

x3d/specifications/vrml/ISO_IEC_14772-All/index.html (accessed October 2003–April 2004). 
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Shape Node 
Geometry Nodes 

Box 
Sphere 
Cone 
Cylinder 
IndexedLineSet 
IndexedFaceSet 
Extrusion 
ElevationGrid 
Text 

Appearance Node 
Light Source Nodes 

DirectionalLight 
PointLight 

Grouping Nodes 
Group 
Transform 
Switch 
LOD 

Interpolator Nodes 
OrientationInterpolator 
PositionInterpolator 

Sensor Nodes 
TouchSensor 
ProximitySensor 
PlaneSensor 
TimeSensor 

Script Node    

Figure 1.  An abbreviated list of VRML 2.0 nodes. 

8. A Script node for passing information between nodes by events whose routes are either 
explicitly declared or established.  

Probably the most significant addition to the VRML 2.0 standard in December 1997 was better 
support for more dynamic display, change, and movement within a world.  Animation is 
accomplished by defining a path for the flow of events among nodes.  This is done by (1) using 
the ROUTE declaration to wire an output event from a sensor node to the input event of an 
interpolator node, and then (2) using ROUTE again, but this time from the interpolator node to a 
Transform node.  VRML 2.0 also supports complex 3-D animations and behaviors by allowing 
Java and JavaScript programs to act upon VRML objects in a Script node. 

Extensibility to the basic set of nodes is accomplished through a PROTO definition.  That is, a 
prototype node enables the creation of a user-defined node.  In section 3, a Door prototype node, 
which consists of many standard nodes, is defined for general use in a VRML environment.   
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The Cortona VRML Client 4.0 by ParallelGraphics, Inc. (www.parallelgraphics.com) was 
selected and installed for viewing our Web content.  They have plug-ins for both Microsoft 
Internet Explorer and Netscape browsers.  Others are available and can be reviewed at the 
Web3D Consortium Web site (www.web3d.org). 

3. A VRML 2.0 Door 

An urban environment has both static and dynamic components.  For example, a building may be 
initially inactive until someone approaches and enters through one of its doors.  It is the simple 
dynamics of door motion that we attempt to model here.  Other elements must be similarly 
addressed if we are to simulate movement within the urban environment.  

Although the VRML 2.0 language provides over 60 nodes for scene graph description of the 
virtual world being created, there are times when a user needs to define a custom node.  A “new” 
node, or prototype, is nothing more than a combination of standard VRML nodes.  The following 
discusses the field interface and nodes for our Door prototype. 

Transform nodes are named for the Door itself, as well as its knob, lock plate, keyhole, and 
handle.  Sensor (touch, time, and proximity) and interpolator (orientation) nodes are named for 
the distribution of events along appropriate paths when simulating the opening and closing of the 
door (see figure 2).  The field interface of the Door node includes parameters for the following: 

1. size – height, width, and thickness, 

2. direction – “push” or “pull” direction of swing, 

3. side – “left” or “right” side of opening, 

4. sensorType – “proximity” or “touch” sensor for opening/closing, 

5. proxSize – size of bounding box of ProximitySensor, 

6. openingDuration and closingDuration – control timing for opening/closing, 

7. audio – a Boolean value for sound effects, 

8. doorTexture – an ImageTexture node, 

9. doorMaterial – a Material node, 

10. handleMaterial – a Material node, and 

11. lockPlateMaterial – a Material node. 

In addition, an AudioClip node has been added to increase realism for virtual simulation. 
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Figure 2.  VRML nodes defining a Door prototype.
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4. Conclusion  

ARL has built a VRML door prototype node (see appendix A), and also the corresponding X3D 
component is proposed (see appendix B).  VRML/X3D is being considered as the language for 
representation of data in future game development.  There are nodes available for building 
interiors, e.g., opening/closing of windows and drawers of furniture (www.int3d.com).  But some 
level of effort will be required to customize the structure of these nodes.
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Appendix A.  The Virtual Reality Modeling Language (VRML) 2.0 Door 
Prototype  

The following VRML 2.0 code defines a prototype (PROTO) for the description of a door.  The 
field interface gives some general characteristics of a door, and could be modified or tailored to a 
specific need.  After the definition of the node is given, an external prototype declaration 
(EXTERNPROTO) is provided that makes use of this prototype.

                                                 
 The remainder of this appendix appears in its original form, without editorial change. 
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Appendix B.  The Extensible Three-Dimensional (X3D) Door Prototype  

This appendix provides an X3D translation of our door prototype.  In general, Virtual Reality 
Modeling Language (VRML) 2.0 nodes are now tags with attributes, e.g., <Material 
shininess=”0.2” diffuseColor=”0.3 0.6 0.1”>, which is consistent with Extensible Markup 
Language (XML) formatting. 

                                                 
  The remainder of this appendix appears in its original form, without editorial change. 
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