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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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Fri Har 26   12:14:05 2001 doors.wil Fags 1 

KVRML V2.0 ut£e 

# by Andrew M. Heiderer, 3 Har 2004 

EXTERNPROTO Door [ 

H field interface 

field SFVec3£  size 
field SFString direction 
field SFString side 
field SFString gensorType 
field SFVec3f  proxSize 
field SFTime  openingDuration 
field SFTime  closingDuration 
field SFBool   audio 

field SFNode  doorTexture 
field SFNode  doorMaterial 
field SFNodc   handleMaterial 
field SFNode   lockPlateMaterial 
# field MFSCring doorCreakURL fcreakS-wavl 
field SFBool   doorEnabled 

# exposedField interface 

exposedField SFVec3f 
exposedFieid SFRotation 
expoBedPield SFColor 
exposodField SFColor 
exposedField SFColor 
exposedField SFFloot. 
exposedField MFString 
exposedField SFVec2f 

# events interface 

eventIn SFBool 
I   'Door.wrHtDoor* 

# outer door 

translation 
rotation 
diffuseColor 
specularColor 
emissiveColor 
transparency 
textureUrl 
textureScale 

doorHandleEnabled 

Door t 
size 
translation 
side 
direction 
sensorType 
textureUrl 
diffuseColor 

O.e 2.05 0.03 
0.0 0.0  5.0 
"Left- 
"Pull- 
"Touch" 
-out_door.jpg" 
0.2 O.b 0.5 

openingDuration 2.3 
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ciosingDuration 2.3 
audio TRUE 

} 



 

10 

THu Apr 22   06:21:07 2004 Doox'-wrl Page 1 

»VHML V2.0 utfB 

# a VRML door prototype by 
II  Andrew M. Neiderer. 3 Mar 3004; 
# (original   copyright  Vincent  Gardet   -   2002). 

It interface - 

PBOTO Oooc   [ 

t  field interface 

£ield SFVec3f  size .85 2.05 .05 
field SPString direction "Push" 
field EFString side -Right" 
field SFString sensorType "Proximity" 

field SFVec3f 
field SFTime 
field SFTime 
field EFBool 

field SFNode 

field SFNode 

field SFNode 

prox.'5i7e 4.0 4.0 8.0 
openingDuracion 0.5 
closi ngDuration 1.0 
audio TRUE 

size of the door 
direction of the opening : "Push" or "Pull" 
side of the opening ; "Left" or "Right" 
type of the sensor controlling the opening 
of the door ; 'Proxiinity" = proximitySensor, 

'Touch* = TouchScnsor 
size of the bounding box of the ProximltySensor, 

doorTexture ImageTexture { 
url "vrood.jpg" 

) 
doorMaterial Material ( 

diffuseColor 0,4157 0.3019 0.1373 
1 
handlewaterial Material { 
ditlusoColor 0.85 0.8 0.5 
apecularColor 0.9 0.9 0.8 
shinincss 0.9 

) 
field SFNode  lockPIateHaterial Material ( 

diffuseColor 0.85 0.8 0.5 
specularColor 0.9 0.9 O.B 
shininess 0.0 

1 
# field MFString doorCreakURL [■creak5.wav"] 
field SFBool   doorEnabled TRUE 

# exposedPield interface 

exposedF i e1d 
expogedField 
exposedField 
exposedField 
exposedField 
exposedField 
exposedF i o1d 

SFVec3f translation 0.0 0.0 0.0 
SFRotation rotation 0.0 0.0 0.0 0.0 
SFColor   diffuseColor 0.8 O.B O.B 
SFColor   specularColor 0.0 0.0 0.0 
SFColor   emissivcColor 0.0 0.0 0.0 
SFFloat    transparency 0.0 
MFString   textureUrl "" S i f not syinetrical, the texture of the 
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»  door must present the handle at left side 
exposedField  SFVec2f textureScale 1.0 1.0 

exposedField  SFVec3f doorTranslacion 0.0 0.0 0.0 

* events interface 

eventin       SFBool doorHandleEnabled 
J 

# definition - 

( 
Transform { 

translation  IS translation 
rotation     IS  rotation 
children [ 

DEF PS_DOOH ProximitySensor ( 
size IS proxSize 

J 

DEF TR_DOOB Transform { 
center .45 0 0 
children [ 
Shape < 
appearance Appearance ( 
material Material ( 

diffuseColor  IS diffuseColor 
specularColor IS  specularColor 
emissiveColor IS  emissiveColor 
transparency  IS  transparency 

} 
texture IraageTexture { 

url IS EextureUrl 
> 
textureTransfOrm TextureTransfonn { 

scale IS texLureScale 
} 

) # end Appearance 
geometry IndexedFaceSet { 

coord DEF COORD Coordinate {) 
coocdindex [ 
0,1.2,3.-1 
7.6.5,3,-1 

) 
texCoord DEF TEXTCCX)RD TextureCoordinate { 
point 10 0,1 0,1 l.D 11 

) 
texCoordIndex | 
0,1,2,3.-1 
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3,2,1,0,-1 
1 

) t end IndexedFaceSet 
) ff end Shape 
Shape { 
appearance Appearance { 
material Material ( 

diffuseColor IS diffuseColor 
specularColor IS npecularColor 
emissiveColor IS emissiveColor 
transparency IS transparency 

) 
) # end Appearance 
geometry IndexcdFaceSet { 

coord USE COORD 
coordIndex [ 
1,5,6,2,-1 
4,0,3,7,-1 
2,6,7,3,-1 
0,4,5,1,-1 

1 
} # end IndexedFaceSet 

} H end Shape 

II door knobs and lockplaces 

DEF TR_DOOR_KNOBS Transform ( 
translation 0.325 0.0 0,0 
rotation 0 10 0 
children [ 
DEF TS_DOOF(_KNOBS TouchSensoE {) 

DEF TR_DOOR_HAND[.E Transform { 
translation 0 0 0.0275 
children [ 
Group { 

Children [ 

# lock plate 

DEF TB_LOCKPLATE Transform ( 
translation 0 -0.05 0 

children [ 
Shape ( 
geometry Box { 

size 0.1 0.25 0.01 
J 
appearance Appearance I 

material IS lockPlateHaterial 
1 
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) # end Shape 
I 

} » end TR_LOCKPLATE Transform 

» key hole 

DEF TR_KEYHOLe Transform { 
translation 0 -0.1 0.005 
children [ 
Shape { 
geometry Box ( 

size 0.03 0.05 0.001 
) 
appearance Appearance { 

material Material ( 
diffuaeColor 0 0 0 
shininess 0.0 

1 
} 

} 8 end Shape 
1 

) «   end TR_KEYHOI,E Transform 

« handle spar 

DEF TB_[1ANDLESPAR Transform { 
translation 0 0 0.03 
rotation 1 0 0 1.57 

children I 
Shape ( 
geometry Cylinder { 

radius 0.015 
height 0.06 

) 
appearance Appearance ( 

material IS handleMaterial 
} 

) * end .Shape 
I 

} It end TR_HANDLESPAR Transform 

* handle knob 

UEF TR_T>X)RKNOB Transform { 
translation 0 0 0.07375 
children ( 
Shape ( 
geometry Sphere ( 

radius 0.027S 
} 
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appearance Appearance { 
material IS hsndleMaterial 

) 
I * end Shape 

t add Couch sensor to door knob 

DEF TS_IXX)R_HANDLE TouchSensor { 
enabled IS doorHandIeEnabled 

} 
I 

) t end TR_DOORKNOB Transform 
] 

) I  end Group 
I 

1 I end TR_DOOR_HANDLE Transform 

t opposite side of door 

Transform ( 
translation 0 Q 0 
rotation 0 10 3.14 
children USE TR_DOOR_HANDLE 

) 

DEF TS_D00B_SOUND TouchSensor   (} 
Sound  ( 

source  DEF  SOUND_DOOR AudioClip  { 
url   -DOORS.WAV- 
loop  FALSE 

) 
) 

I 
)   I   end TR_DOOR_KNOBS Transform 

J 
)   I  end TR.DOOR 

1 
]   #  end Transform 

DEF  TIS_OPEN_D0OR TirneSensor   { 
cyclelnterval   l£  openinglXiration 
loop   FALSE 

i 

DEF OI_OPEN_DOOR Orjentationlnterpolator I 
key     [ 0.0, 1.0 ] 
keyValue ( 0.0 l.O 0.0 0.0, 0.0 1,0 0.0 -1.5708 I 

) 

DEF TIS_CLOSE_DOOR TirneSensor | 
cyclelnterval IS closingDuration 
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} 
loop FALSE 

DEF  0I_C[iOSEJXX)R OrienCationlnterpolator t 
key     [ 0.0, 1.0 ] 
keyValue [ 0.0 1.0 0.0 -1.5708, 0.0 1.0 0.0 O.O 

) 

DEF SCR_B_DOOR Script ( 
directOutput TRUE 

# Eield interface 

field .SFVec3£ size IS size 
field SFScring sensorType IS sensotType 
field .SFString Ride IS side 
field SFSLring direction IS direction 
Eield SFBool state FALSE 
field SFNCide 0I_0rEN_DOOR USE OI_0PEK_D0OR 
Eield SFMode 0I_CL0SE_OC>0K USE 0I_CLOSE_D0OR 
Eield SFNode COORD USE COORD 
field SFNode TEXTCOORD USE TEXTCOORD 

f eventln, eventOut interface 

evenLIn 
eventln 
evenLin 
eventOut 
eventOut 
eventOat 
eventOut 
eventout 

SFTiine 
SFTinie 
S FT line 
SFBool 
SFBool 
SFTime 
SFTime 

touchDoor 
enterDoor 
exitDoor 
Pstace 
Tscate 
openDoor 
closeDoor 

£FVec3 f turningPoint 

eventln  SFTime  TS_DOOR_HANDLE 

url "javascript: 
function initialized [ 

COORD. 
COORD, 
COORD. 
COORD, 
COORD. 
COORD. 
COORD. 
COORD 
COORD. 
COORD. 
COORD, 
COORD, 

point 
point 
point 
point 
point 
point 
point 
point 
point 
fioint 
point 
point 

iOI tOl 
[01 HI 
[01 [2] 
[II [01 
[1][1] 
[1]12) 
[31[01 
[21[1] 
[21(21 
[31 [01 
[31[11 
[31[21 

- s 1 ze. )c 
-s i ze.y 
size.z 
size.x 
-aize.y 
s i ze.z 
size.x 
s i ze.y 
s i ze-z 
-s i ze.X 
size.y 
size.z 

/ 2; 
/ 2; 

/ 2; 
/ 2; 
/ 2: 

I   2; 
/ 2; 
/ 2; 
/ 2; 
/ 2; 

/ 2; 
/ 2: 
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COORD 
COORD 
COORD 
COORD 
COORD 
COORD 
COORD 
COORD 
COORD 
COORD 
COORD 
COORD 

.point[ 

.point[ 
point 
.point[ 
.point ( 
point[ 
point 
point 
point I 
point[ 
point[ 
point 

41 [01 
4] [11 
4] [21 
5] (01 
51 [11 
S] (21 
6] |Q] 
61 in 
61 [21 
7H0] 
T] [11 
T] 12) 

- s i ze. X  /  2 ,- 
-size.y   /   2; 
-size.z   /   2; 
size.x  /  2; 
-size.y   /   2; 
-size.z   /   2; 
size.x  /  2; 
size.y   /   2; 
-size.z   /  2; 
-sizG.x   /   2; 
size.y   /   2; 
-size.z  /  2: 

CurningPoint[0]   =   (Isize.x  /   2]   -   (size.3   /  2)); 
turningPoint[1]   -  0; 
turningPoint[2]    -   D; 

if   (  sensorType  --   'Touch'   ]   ( 
Pstate  =   false; 

) 
else  ( 

Tstace =  falso; 
1 

if   (   Bide ==   'Left' )    [ 
CurningPoirt(01   = -((size.X   /   21    -    (size.z   /   211; 
turningPoint[11   = 0; 
turningPoint[2]   - 0; 

TEXTCOORD.point[0](01 =   1 
TEXTCOORD.point[0][1] =   0 
TEXTCOORD.pointll](01 -   0 
TEXTCOORD.pointEl][1] =   0 
TEXTCOORD.point[21[01 =   0 
TEXTCOORD.point[21[1] -   1 
TEXTC0ORD.point[31[01 =   1 
TEXTCOORD,point[31[11 =   1 

i£ ((side =^ 
((side == 

'Left'1     &Si   (direction 
■Right'1   Uk   (direction 

■Push-)) II 
■Pull'll I f 

0I„OPEN DOOR.keyValue[01 
01_OPEN_DOOR.koyValuel01 
0I_OPEM_DO0R.keyValue(01 
OI_OPEM_DOOR.keyValue[0 j 
0I„0PEN_DOOR.kfiyValue[11 
01_0PErj_D00R. koyVa lue [ 11 
Ol_0PE!J_D0OR. keyValue [ 1 I 
Ol_0PEN_D00R.keyValue[11 

[01 = 0 
111 = 1 
[21 ^ 0 
[3] = 0 
[01 - 0 
[11 = 1 
[21 = 0 
[31 = 1 .5708: 
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OI_CLOSE_DOOR.keyValuet01[0] =   0 
0I_CL0SE_DO0H.keyValue[C)[1] =  1 
OI_CLOSE DOOR.keyValue[01[2] -   0 
OI_CLOSE_DOOR.keyValue[01[31 =  1.5708; 
0I_CLOSE_D00R.keyValue[l][0) =   0 
OI_CLOSE_DOOR.keyValue[ll il) =   1 
OI_CLOSE_IX)CiR.keyValue[l] [21 ^   0 
Oi_CLOSE_D00K.kcyValue[ll[31   - 0 

} 
} 

EuncLion  touctiDoor   (value)    ( 

if    [   state   --   FALSE   )    ( 
state   =  TRUE; 
openDoor   -  value; 

) 
else   ( 

state   =   FALSE; 
closeOoor - value; 

} 
} 

function enterDoor (value) { 

if I state == FALSE 1 ( 
State = TRUE; 
openDoor = value; 

} 
} 

function exiCDoor (value) { 

if I state -- TRUE ) { 
state - FALSE; 
closeuoor = value; 

) 
^) 

} 

t  animation 

ROUTE   SCR_B_D0OR.Tstate TO TS_D0OR_KN0BS.set_enabled 
ROUTE  SCR„B_D0OR.Pstate TO   PS_DOOR.set_enabled 

ROUTE   SCR_B_DOOR.turningPoint  TO     TR_DOOR.set_center 

ROUTE  TS_DOOK_KNO[iS.touchTiine  TO  SCR_8_DOOR. touChDOOt 
ROUTE   PS_DO0R.entci-Time  TO  SCR_B_DOOR .enterDoor 
ROUTE   FS_iK)OR.exitTime TO  SCR_B„DO0R.exitDOOr 
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ROUTE  SCR_B_DOOR. open Door  TO TIS_OPEN_DOOR. starCTiine 
ROUTE TIS_OPEN_DOOR.fraction_changed  TO 01_0PEN_DOOR.eet_fraction 
ROUTE OI_OPEfI_DOOH.value_chan9ed  TO  TR_DOOR.set_roCation 

] 

ROUTE  SCR_B_DOOR.closeDoor  TO  TIS_CLOSE_D00R.3tartTinie 
ROUTE TIS_CLOSE_DOOR.fraCl:ion_changed TO  0I_CLOSE_D00R.set_fraction 
ROUTE OI_CL0SE_D00R.value._changed  TO TR_DOOR.see_rotat;ion 

ROUTE TS_DOOR_SOUND.touchTinie TO  S0UND_iXK)H.3et_StartTiine 
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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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<?xinl version^" 1.0" encodings "UTF-S" ?> 
<!DOCTYPE XJD PUBLIC 
'http;//www.web3D.org/TaskGroups/x3d/translation/x3d-compact.dtd* 
■/www.iiiieb3D.org/TaskGroups/K3d/translation/it3d-coinpact.dtd"> 

■;X3D> 

<head> 
<ineta name-"filename" content = "doors.x3d"/> 
<meCa name="description" 

content^"'enter description here, short-sentence summaries preferred'*/> 
-smeca namQ="author" content^"enter name of original author here'"/> 
<meca namo-"translator" 

COntcnt="*if manually translating VRML-to-X3D, enter name of person translating here*"/> 
<meta nanie= "created" content-"enter date of initial version here'"/> 
^meta name="revised" content="'enter date of latest revision here'"/> 
^meta name-"version" content-''enter version here'"/> 
imeta name="referenoe" 

content- "•enter reference citation or relative/online url here*"/> 
•imeta name; "reference" 

contcnt="'enter additional url/bibliographic reference information here'"/> 
eraeta name="copyright" 

content = "enter copyright information here' Example:  Copyright (c) Web3D Consortium Inc. 2001"/> 
■imota name= "drawing" 

contonti"'enter drawing filenamo/url here'"/> 
iraeta nanie=" image" coiitent="'enter image fileniune/uEl here'"/> 
<meta name-"movie" content="'enter movie filename/url here' ' /> 
■:meta name="photo" content^"'enter photo filcnarae/url here*"/* 
<meta name="keywords" content="'enter keywords here*"/> 
■:raeta nane="url" 

COntent="'enter online arl address for this file here'"/> 
<meta name="generator" 

content = "Vrinl97ToX3dNist, httpi//ovrt .nist .gov/v2_x3d.html" /> 
</head> 

■i Scene > 
■lExternProtoDeclare name-"Door"  url = ' "Door. writ Door" '> 

< field namG=''prox5ize'' type="Vector3 Float" accessType- "field"/> 
■tfield narae-"side" type= "String" accessType=" field"/> 
< field nartic= "doorTexture" cype= "Node" accessType- " field" /> 
<field name-"textureUrl" type-"Strings" accessType-"exposedPield"f> 
<field namc="textureScale" type=■Vcctor2Float" accessType^"exposedField"/> 
<field narae="translation" type="Vector3Float" accessType-"exposedField"/> 
< field name= "specular Co lor" cype= "Color ■ accessType="exposedField"/J- 
<field nartie="sen.'5orType" type="String" acccssType=" field" /> 
<field name="diffuseColor" type="Color" accessType="exposedField"/> 
<field name="3ize" type-"VectorSFloat" acccs3TypG="field"/> 
afield name="doorHandieEnabled" type="Boolean" accessType="eventIn*/» 
<field name="lockPlateMaterial" type="Node" accessType="field"/> 
'field name-"transparency" type="Float" accessType="expQsedField"/> 
<field name="closingDuracion" type="Tinie" accessType=" field"/> 
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< field nanie=" rotation"   Cype=" Rotation"   accessType- "exposedField" /> 
<field name^'doorMaterial"   type="Node"   accessType="field"/> 
<field name='openingDuration"   type-"Time"   acce£sType="field"/> 
<field name="erniasiveColor"   type-"Color"  accessType= "exposedField'/> 
<field naine=°handleMatcrial"   type="Node"  accessType="field"/> 
<f ield naroe=" direction"   type- "String"   acceesType=" field" /:? 
afield narae=''audio"   tYpe='Boolean"  accessType^'field'/=- 
<f ield nar[ic="doorEntibled"   type=" Boolean"  accessType=" field" /> 

s/ExCernProtoDeclares 

<pjrotDlnB tance  name=' Door" > 
■rfieldValue nanie="side"  value='LeEC"/^ 
efieldvalue nainG="toxCureUrl"  value='"out_door.jpg" '/> 
<f ieldValue nanie= "translation"   value- "0.0   0,0   5,0"/> 
^fieldvalue name-"sensorType"  value="Touch"/> 
<fieldValue name-"dif fuscColor"  valije="0.2  0.5  0.5"/> 
<EicldValue  name="size"   value="0.8   2.05   0.03"/> 
■:£ieldvalue naine="closingDuration"   ualiie="2.3"/> 
vfieldValue  nairLe= "openingDurat ion"   VBlue="2 . 3"/> 
<Eie]dValiae  name-"direction"   valuer "Pull" /> 
■;£ieldValuc name-"audio"  value-" true"/> 

< / Protolnscanco 
</Scene> 

</X3D> 
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-;?)t!nl   uecslon="]..0"   encoding-■UTF-S"?> 
<;D0CTYPE  X3D  PUBLIC 
'http; / /wv™. web3D.org/TaskGiroups/x3d/translation/x3d-corapacC .dtd" 
•/wMw.web3D.org/TaEkGroijps/x3d/translation/x3d-cDmpact.dCd"> 

tX3D> 

<head> 
<nietd   nanie= " £i lenanie"   contenE = "Door .x3d" /> 
<niet<i name= "description" 

concerts"'enter  description here,   short-sentence  summaries preferred*•/> 
■Jineta naine="authoE" 

con tent = " 'enter   Rf^me  of   original   author  here* " /> 
<meta name="translator" 

content-'"if   manually  translating  VRML-tO-X3D,    enter  name  o£  person   translating here"/> 
■inifita  nanie= "created"   contenr.= "'enter  date of  initial  version here*"/> 
<iiieta   nanio= "revised"   content-" "enter   date   o£   latest   revision  here'"/> 
<mcta   nanie="version"   content^"'enter  version  here'"/> 
<meta nBnic="reference" 

content-■'enter reference citation  or  relative/online url  here'"/> 
<meCa  naine="reference" 

content-"-enter  additional  url/bibliographic reference information here'"/> 
<meta  nanie= "copyright' 

content-"*enter copyright  information here"  Example:     Copyright   (c)  Web3D Consortium  Inc.   2001"/> 
<meta name="drawing"   content-""enter drawing  filename/url  here'"/> 
-;metd  name="image"  contont = " "enter  image  filename/url  here'"/> 
<meta  name^'raovie"   content^■'enter  movie   filename/url   hcre*"/> 
<ineta   name="photo"   content-"'enter  photo   filename/url   here'"/> 
■:ineta name="keywords'   content = "'enter  keywords here'*/> 
<metti  name="url"   content="*enter  online   url   address   for   this   file  here*'/> 
■smeta natne="generator" 

content-"Urml97ToX3dNist,   http;//ovrt.nist.gov/v2_x3d.html"/> 
'/head> 

<Scene> 
<ProtoDeclarG namc="Door'> 

sfield IS^"PS_E)OOR.size" name-'proxSize" type="Vector3Float" 
value="4.0 4.0 B.O" accessTYPe='field'/> 

<fleld IS="SCR_B_D0OR.side" nanie="side" type= "String" 
values"Right" accessType="field"/> 

<fleld name="doorTexture'' type="Node' accessTypG="field"> 
<IinageTexture url-' "wood, jpg"'/> 

</field? 
<field IS="_IS_2.url" namc="tcxturcUrl" type="Strings" 

value='""' accessType-"exposedField"/> 
<field 1S=■_IS_3.scale" n3me="textureScale" type="Vector2Floot" 

value="1.0 1.0" acccssType="exposedField"/> 
<field IS-"_1S_0.translation" name="translation" typc="Vector3FloaC' 

value="D,n 0.0 0.0" acce33Type="expo3edField"/> 
<field IS="_TS_1.spccularColor _IS_4.spocularColor" name="specularColor" 

type="Color" value='0.0 0.0 0.0" accessType="exposedField"/? 
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<field  IS="SCR_B_D00R.sen3orType"  name="sensorType"   type-"String" 
value="PcoximitY"  accessType="field'/> 

<field   IS='_I3_l,diffuseColor  _IS_4.diffuseColor"   name-*diffuseColor' 
type="Color"  volue="0.8  0.8  0.8"  accessType="exposedField"/> 

<field IS="SCR_B_DOOR.size'  namc="sizc"   type="Vector3Ploat" 
value="0.85  2.05  0.05"  accessType='field"/> 

<field  IS^'touchHandle.enabled"  naine="doorHandleEnabled"   type='Boolean' 
acccssType='eventln'/> 

<£ield  I.'5="_IS_5 .material"  naine=" lockPlateMaterial"   cype="Node" 
accessType="field'> 

<Mai,erial  shininess="0.O-  diffuseColor="0.85 0.8  0.5" 
specularColDr="0.9   0.9   0.8"/> 

</field> 
<field  IS="_IS_1.transparency _IS_4.transparency*  name="transparency' 

type= "Float ■   value- "0.0'   a!rcessType="exposedField' /> 
<field  IS-"TIS_CLOSE_DO0R.cyclcIntcrval"  name^-closingUuration- 

type= "Time"   vaXije=" 1-0"   accessType^ "£ield"/> 
<Eicld  IS-"_IS_0.rotation"  name="rotation"   type='Rotation" 

value-"0.0   0.0   0.0     0.0"   accessType='exposedField"/> 
<£ield iiame="doorMaterial"   type='Node'  accessTypc='Eield"> 

<Material   diffiiseColor--0.4157   0.3019   0.1373"/> 
</field> 
< field   IS-"TI.^_0PEN_DOOR.cycleIiiCerval"   name-" open IngDurat ion" 

type-"Time" valuc="0.5" accessType^"field"l> 
<Cield name-'doorTranglation- type="Vector3Float* value=-0.0 0.0 0.0" 

accessType-"exposedFicld"l> 
< fie Id   IS="_IS_1. emissiveColoc  _IS_4 .eraissiveColor"   naine= "emissiveColor" 

type-"Coior"  value='0.0  0.0  0.0"  accessType-"exposcdField"/? 
<£iel6  IS-"_IS_6.material  _IS_7.material"   name-'handleMaterial" 

type="Node"  accessType-"field"> 
■;Material  shininess-'O , 9"  dif EuseColor='0 . 85  0.8  0.5" 

specularColor="0.9   0.9   0.8"/> 
</field* 
<field  IS="SCR_B_DOOR.direction"  name="direction"   type="String" 

valuc="PuEh"  accessType="field"l> 
<field  name-"audio"   Cype-"Boolean"   value-"true"   accessType^"field"/^ 
<field name="doorEnabled"   type="Boolean"  ualue="true"  accessTi^e^'field"/> 

<Transforni DEF='_IS_0"> 
eProximitySensor   DEF='PS_DO0H'/» 
■^Transform DEF-"TR_DOOR"   center-"0.45   0.0   0.0"> 

-: Shapes 
<Appeiicance  > 

■sTextureTranstorm DEF='_iS_3'/> 
^Material   DEF-"   IS   l"/> 
<ImageTexture  DEF^-_IS_2"/> 

'- /Appearance* 
<IndexedFaceSet  coordlndex="   0123-17654   -1" 

texCoordindex='   0123-13210  -1"> 
<TextureCoordinaEe  DEF="TEXTCOORD" 

point="0.0   0.0,    1.0  0.0,    1.0   1.0,   0.0   1.0"/> 
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^Coordinate  DEF="COORD"/> 
-^/l ndexedFaceSet> 

</Shapc> 
<Shape> 

■;Appcarance> 
<Matcrial   DEF="_IS_4"/> 

< /AppGaranc:G> 
<Indexe(lFaceSet  coordlndex--   1562-14037-12673-104^1  -l'> 

•^Coordinate USE= "COORD-/> 
</lndexedFaceSet> 

</Shapes 
<Trans£orrn DEF="Door_Knobs"   translation= "0 . 325   0.0   0.0" 

rotation='0.0 1,0 0.0    0.0-> 
<TQuchSenaor   DEF-"TE_Door_Knobs"/> 
<Transforiii DEF-"Door_Handle"  tcanslation=-0.0  0.0  0.0275"> 

*Group' 
<Transform  translation-"0.0  -0.05  0.0'> 

<Shapc> 
<Appearance  DEF='_IS_5'> 
</AppGaranco> 
<Box  size="0.1  0.25  0.01'/> 

</Shapes 
</TransEorra> 
<Transform  tranBlation="0.0   -0.1   0.0050"> 

<Shapes 
<Appearances 

<Material   shinineas="0.0"   difEuseColor-"0.0   0.0   0.0"/> 
•: /Appearances 
<Box   size='0.02   0.D5   0.0010-/i 

</Shapes 
■;/Transforms 
<Transforiii   tran3lation="0.0   0.0   0.03"   rotation^'l .0   0.0   0.0      1,5T> 

<.Shapes 
'Appearance  DEF="_IS_6's 
^/Appi^arances 
'Cylinder   radius-'O.015"   height="0.06"/> 

=/Shapes 
•;/Trans forms 
'Transform translation="0.0  0.0  0.07375"s 

<Shapes 
'Appearance   DEF="_IS_7"> 
'/Appearances 
'Sphere  radius="0.0275"/> 

'/Shapes 
=TouchSensor  DEF="touchHandle"/> 

</Trans £onn> 
'/Groups 

'/Transforms 
<Transform  translation="0.0  0.0  0.0" 

rotation^-0.0   1.0   0.0      3.14"s 
tTransforra  USE="DoDir  Handle'/s 
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^/Trans for]n> 
■cTouchSensor   DEF= ■TS_SOUND_DOOR-/> 
<Sound> 

<AiidioClip  DEF=-SOUND_DOOR*   loop=-false-   url=' 
</Soiind> 

■:/Trans formi 
</Transform> 

</Trans£orm> 

■D00R3.WAV/> 

tTimeSensor  DEF-■TIS_OPEN_DOOR"   loop="false"/> 
<Orientationincerpolator  DEF-"Ol_OPHH_D00R"   key="   0.0  1.0" 
■JTimeSensor  DEF-'TIS_CL0SE_D0OR"   loop=" false-/> 
<OrientationInterpolatDr   DEF= ■OI__CL0SE_D00R"   key='   0.0   1.0' 

keyValue="0.0   1.0   0.0      0.0.   0.0   1.0   O.C     -1.5708,    ■/> 

keyValue="0.0   1.0   0.0      -1.5708,   0,0   1.0   0.0     O.O,    -/> 

•^Script   xml :space="preserve"   DEF='SCR_B_DOOR"   diirectOutput= ■triie"> 
•; 1 [CDATA [ 
javascript: 
function  initialize!)   ( 

COORD.pointlOl[01 = -size.x / 2 
COORD.pointlOl[11 =  -size.y  /  2 
COORD.poinClOl [21 =   aize.z   /   2; 
COORD.pointlU[0) =   size.x   /   3; 
COORD.point[Il[1| =  -size.y  /  2 
COORD.poinClU[2] =  size.z  /  3; 
COORD.point[21|0j =   size.x   /   2; 
COORD.point(2)[!| =  size.y  /  2; 
COORD.point[21|2| -  size.z  /  2; 
COORD.point[31[01 =  -size.x  /  2 
COORD.point[31 HI -  3 i ze.y  /  2: 
COORD.point[31(21 =   size.z   /   2; 
COORD,point[4|[01 -   -size.x   /   2 
COORD.point[4|(11 =  -size.y  /  2 
COORD.point(4](2] -   -size.z  /  2 
COORD.point|5|[01 -  size.x   /   2; 
COORD.poinC(61[11 =  -size.y  /  2 
COORD.poinC|51[2] =  -size.z  /  2 
COORD.point[61 [01 -  size.x   /   2; 
COORD.poinC|61(1) =  size.y /  2; 
COORD.poinc[61[2] =  -size.z   /  2 
COORD.point[71[0] =  -size.x  /  2 
COORD.pointi[71 [1] =  size.y  /  2: 
COORD.point[7][2] =  -size.z  /  2 

tuminoPointlO]   =   Ksize.x  / 
tumingPoint (11   =   0; 
turningPoinl(2J   =  0; 

2)   -   {size.z  /  2)), 

if   [   sensorType ==   'Touch'   )   ( 
Patate   =   false; 

) 
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else ( 
Tstate = false; 

1 

if   (   side   ==   'Left'    1    t 
turningPoint[01   =  -(isize.x  /  2) 
turningPoint(11   -  0; 
turningPoincl2I   =  0; 

TEXTCOORD.pointiOl103 =   1; 
TEXTCOORD.pointlOl[11 =   0; 
TEXTCOORD.pointlll101 =   0; 
TEXTCOORD.pointiH [11 =   0; 
TEXTCOORD.pDint(21[01 =   0; 
TEXTCOORD.point[21[11 =   1; 
TEXTCOORD.point[31[01 =   1; 
TEXTCOORD.point(31HI =   I; 

- (size.z / 2) 

if I ((side == 
((side -- 

'Left')  && (direction -= 
■Right') fifi (direction =- 

■ Push■))    II 
'Piill'))   )   C 

OI_OPEN_DOOR.keYValue[0H01 = 0; 
OI_OPEN_DOOR.keyValue[01 111 = 1 ,- 
OI_OPEN_DOOR.keyValije[0] [21 - 0; 
OI_OPEN_DOOR.keYValueiO]13] = 0; 
OI_0PEN_DOOR.keyValuelll 101 = 0; 
OI_0PEH_DOOR.keyValije|l] HI ^ 1; 
0I_0PEN_DO0R.keyUalue|l][2] = 0; 
OI_OPEN_DOOR.keyValueI1H31 - 1.570B: 

_DOOR,kGyValue[01 [01 
DOOR.keyValue[0][11 

,DOOR.keyValue[0][2] 
_DOOR.)(eyValue[01 [3] 
..DOOR.keyValuelH [01 
_DOOR.keyValue(li[1| 
_DOOR.keyValue(li[2| 

OI_CLOSE_ 
OI_CLOSE_ 
OI_CU)SE_ 
OI_CLOSE_ 
OT_CLOSE 
OI_CLOSE_ 
0I_CLOSE. 
OI_CLOSE_IX»R.keyValue[ll [31   = 

5708: 

1 

function tauchDoor (value) { 

if ( state == FALSE ) ( 
state = TRUE; 
openDoor = value; 

) 
else ( 

state = FALSE; 
closeDoor = value: 
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} 
} 

function entcrDoor (value) i 

if { stace == FALSE ) { 
sl-ate = TRUE; 
openDoor - value; 

) 
} 

function EvxitDoor lvalue) { 

if ( scacc == TRUE ) { 
state = FALSE; 
closeDoor = value; 

1 
} 

afield  xml:space="preserve"  narae="enterDoor"   type="Time' 
acccssType-"eventIn"/> 

tfield  xml:space-"preserve"  name="side"   type^'String'  value-"" 
aC!ccssType= "field" /> 

< field  Kin] : space- "preserve"  naTne= "closeDoor"   type="Tinie" 
accessType="eventOut"/> 

<f ield  xrnl: space- "preserve"  name- "state"   type= "Boolean"  valuer" false" 
accessType="field"/> 

<field  xnil:space--preserve"  name-'COORD"   type="Node"   USEs'COORD" 
acccs£Typc="field"/> 

<field  xml:spacer"preserve"   name="Tstate"   type="Boolean" 
accessType="eventOut"/> 

< field xml: space- "preserve" n3nie=" exit Door" Lype="Time" 
acccssType="eventIn"/> 

<field xml :space="presej-ve" nanie="OI_CL0SE:_D0OR" type^'Node' 
USE-"OI_CLOSE_DOOR' accossType="field'/> 

ifield xml:space-"preserve" name-"sensorType" type="String" 
value="" accessType-'field'/> 

■c field HTBI : space- "preserve" name- "size" type= "Vector^ Float" 
value="0.0 0.0 0.0" accessType^"field"/> 

<field xml:spacer"preserve" name-"TEXTCOORD" type="Node' 
USE="TEXTCOORD" acceSSType="field"/> 

< field xml: apace =^ "preserve" nanie=" turning Point" type-'Vector 3 Float" 
aecessType="eventOut"/> 

<field xml:space="preserve" name=■touchDoor' type-'Time" 
ac(:essType= "eventin" /> 

•cfield xral ;spacc= "preserve" name= "openDoor" type="Tiine" 
ac:cessType= "eventOut" /> 

ifield xml;3pace="preserve" name="PstaCe" type="Boolean" 
accessType="eventout"/> 
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<field   xml :spdce="presQrve"   name-"OI_0PEN_D0OR'   type=TJode" 
USE^-OI_0PEN_D0OR-   acce3sType= "fieldV> 

sfield xml :space="preserve"  nanie='direction"   type="String* 
value-*■   accessType='field'/> 

<field xml:space-"pres6rve"  name^'touchHandle'   type="Time' 
accessType="cvcncln"/> 

</Script> 

<ROUTE  fro[iiNode='SCR.,B_DOOR'   fromField-Tstate'  toNode= ■TS_.Door_Knobs' 
coField=■set_enabled"/> 

<ROUTE   froinNodo="SCR_B_DOOR"   fromField-'Pstate"   toNode-'PS^DOOR" 
toField=*set_e!iabied"i'> 

<BOUTE  fromNode="SCR_B_DOOR"   froinField='turningPoint"   toNode="TR_DOOR" 
toField=-"aet_cenl:er" /> 

<ROUTE   EroinNode='TS_Door_Knobs"   fromField="CouchTime"   toNodc="SCR_B_DOOR" 
toField-"HQuchDoor"/> 

fBOUTE EromNode=-PS_DOOR'   fromField='encerTime- toNode="SCB_B_DOOR' 
coField="enterDoor"/> 

<ROUTE   fromNode^-PS^DOOR-   froroField^-exitTimt;'   toNode='SCR_B_IX)OR- 
coField="exitDoor■/> 

<ROUTE   froinHode=*SCR_B_DOOR"   f romField="openDoor"   toBode-■TIS_0PEN_IX)OR' 
toField-'scartTime'/> 

<ROUTE   £roinNode='TIS_OPEN_DOOR"   fromField-" f racCion_changed"   CoNode="OI_OPEN_DOOR" 
toField--set_£raction-/j 

<ROUTE  froinKodc='OI_OPE:N_D00R'   fromField='value_changed"   toNode='TR_DOOR" 
toField='set_rotation"/> 

<HOUTE   froinHode--SCR_B_DOOR'   EroniField= "closeDOOr"   i;oNode='TIS_CLOSE_DOOR- 
toFicld='starcTime"/> 

<ROUTE   froiiiNode=-TIS_CLOSE_IX)OR"   f romField^" f raction_changed'   toNode="OI_CLOSE_DOOR'' 
coFicld="set_£tact ion"/> 

<ROUTE  fromNode=*OI_CLOSE_DOOR"   f romField-" value._changed"   coNode-"TR.DOOR" 
coField-"sec_rocation"/> 

<ROUTE   fromHOde=*TS_SOUND_DOOR"   froiiiField="touchTiine*   LoNode="SOUND_D00B" 
toField-"set. .startTime" /> 

</ProtoDeclare> 
</Scene> 

</X3D> 



 

 29

Bibliography 

Ames, A. L.; Nadeau, D. R.; Moreland, J. L.  VRML 2.0 Sourcebook; John Wiley & Sons, Inc.:  
New York, NY, 1997. 

The web3D Consortium.  Extensible 3D (X3D) International Draft Standards.  
http://www.web3d.org/x3d/specifications. 

The web3D Consortium.  The Virtual Reality Modeling Language.  
http://www.web3d.org/x3d/specifications/vrml/ISO_IEC_14772-All/index.html. 

 



 
 
NO. OF  NO. OF  
COPIES ORGANIZATION COPIES ORGANIZATION 
 

 30

 1 DEFENSE TECHNICAL 
 (PDF INFORMATION CTR 
 Only) DTIC OCA 
  8725 JOHN J KINGMAN RD 
  STE 0944 
  FT BELVOIR VA 22060-6218 
 
 1 COMMANDING GENERAL 
  US ARMY MATERIEL CMD 
  AMCRDA TF 
  5001 EISENHOWER AVE 
  ALEXANDRIA VA 22333-0001 
 
 1 INST FOR ADVNCD TCHNLGY 
  THE UNIV OF TEXAS  
  AT AUSTIN 
  3925 W BRAKER LN STE 400 
  AUSTIN TX 78759-5316 
 
 1 US MILITARY ACADEMY 
  MATH SCI CTR EXCELLENCE 
  MADN MATH 
  THAYER HALL 
  WEST POINT NY 10996-1786 
 
 1 DIRECTOR 
  US ARMY RESEARCH LAB 
  AMSRD ARL CS IS R 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 
 
 3 DIRECTOR 
  US ARMY RESEARCH LAB 
  AMSRD ARL CI OK TL 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 
 
 3 DIRECTOR 
  US ARMY RESEARCH LAB 
  AMSRD ARL CS IS T 
  2800 POWDER MILL RD 
  ADELPHI MD 20783-1197 

ABERDEEN PROVING GROUND 
 
 1 DIR USARL 
  AMSRD ARL CI OK TP (BLDG 4600) 



 
 
NO. OF   
COPIES ORGANIZATION  
 

 31

ABERDEEN PROVING GROUND 
 
 7 DIR USARL 
  AMSRD ARL CI CT 
   P JONES 
   M THOMAS 
   A NEIDERER (5 CPS)



 

 32

INTENTIONALLY LEFT BLANK. 

 


