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ABSTRACT

The military isincreasingly reliant on communication networks for day-to-day
tasks as well as large-scale military operations. Tactical communications networks are
growing progressively more complex as the amount of information required onthe
battlefield increases. Communication planners require more advanced tools to perform
and manage signal-planning activities. This work examines the use of 3D visualizations
to assist in tactical signal planning. These visualizations are developed using Virtua
Reality Modeling Language (VRML), Extensible 3D (X3D) graphics, and Distributed

Information Simulation (DIS) for network connectivity.

These visualizations and the connectivity provide signal planners the ability to
generate 3D scenarios quickly identifying problems such as frequency interference,
connectivity problems, and marginal-coverage areas. Network connectivity also provides

a collaborative planning environment for geographically dispersed units.

The NATO Globa Hub Land C2 Information Exchange Data Model (LC2IEDM)
is a semantic model designed for information passing between systems. This work also
examines LC2IEDM for its ability to represent tactical communication plans and

facilitate the autogeneration of 3D scenarios.
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l. INTRODUCTION

A. THESISSTATEMENT

Virtual Reality Modeling Language (VRML) and Extensible 3D (X3D) graphics
provide a framework that can be used to visualize tactical radio communicationsin a
three-dimensional (3D) battlespace. These visualizations can enhance both the

communication planning process and battlespace awareness.

B. OVERVIEW

The development of Large-Scale Virtual Environments (LSVES) representing a
military battlefield has long been the goal of military researchers. Such LSVEs alow
distributed users to view training and operational situationsin 3D. These environments
can facilitate more realistic training and increased battlespace awareness by allowing

users to view the total situation from any vantage point in a realistic fashion.

Rapid rendering of high-resolution 3D models previously required specialized
graphics hardware that was prohibitively expensive for adoption on alarge scale. As
computer power has increased however, interactive 3D models are now able to run on
commodity personal computers (PCs). Thisthesis demonstrates 3D tactical
communication visualizations and models that can be integrated into LSVEs for signal

planning and battlespace awareness.

Computer networks have grown larger and more complex in the past several
years. Military tactical networks are no exception. Military operations are increasingly

dependent on information and networks as forces shift to Network Centric Warfare

1



(NCW) (Cebrowski, 1997). Tactical radio networks provide operational capabilities for
mobile, dispersed units where no fixed infrastructure exists. Such networks increasingly

contain interconnections of multiple sites using different types of equipment.

One challenge in utilizing tactical radio networks is the ability for the
communications planner and commander to understand the complex organization of the
network. Current planning systems use two-dimensional (2D) cartographic
representations of the three dimensional (3D) operations space. By creating a 3D model
of a communications plan, the planner can view the plan as awhole from different
perspectives. The planner can also convey this information to other communicators and

the operators they are supporting.

Virtual Reality Modeling Language (VRML) is a Web-based graphics language
for creating 3D models. VRML alows user interaction with a scene through navigation
controls and predefined viewpoints. One of the key features of VRML isit is anon

proprietary SO standard designed for use over the World Wide Web (VRML, 1997).

Extensible 3D (X3D) is the next generation specification of VRML (Extensible
3D Task Group, 2001). It incorporates Extensible Markup Language (XML) encoding of
the VRML 97 specification (World Wide Web Consortium (W3C), 1997). X3D provides
the benefits of extensibility, componentization, and the ability to developed well-formed
and validated scene graphs. X 3D is backwards compatible with the VRML97
specification.

The VRML / X3D languages contain arich set of tools for visualizing
information. The VRML /X3D graphics palette includes shapes, colors, textures,

luminescence, and animations that can be used to create 3D scenes. VRML / X3D is
2



used extensively throughout this thesis to create exemplar models illustrating potential

solutions.

The systems capability to portray a common representationfor operational and
planning data facilitates increases interoperability. The North Atlantic Treaty
Organization (NATO) Land C2 Information Exchange Data Model (LC2IEDM) proposal
isadatamodel for exchanging information between systems (NATO, 2000). Itisan
attempt to have all NATO countries implement a common method for exchanging data
between independent systems. This could prove useful for the autogereration of 3D
visual planning models. The Generic Hub will be evaluated will be examined with

respect to its communication object representation.

C. OBJECTIVES

The objective of thisthesisis to demonstrate the viability of using Virtual Reality
Modeling Language (VRML) and Extensible 3D (X3D) graphics to create a 3D
battlespace for visualizing tactical communications. To develop atactical

communication visualization framework, the following components must be devel oped:

VRML Prototype libraries representing the different communication
systems that can be added to other virtual environments

Scientific visualization approach to rendering communications links

Redlistic tactical battlefield in VRML for display of communication
systems

D. ORGANIZATION OF THESIS

Thisthesis is organized as follows:



Chapter I1: Background. This chapter introduces the relevant
components for the creation a 3D visualization framework. It also
discusses some of the tools currently being used for military visualization.
Operation and communication planning methodologies are also

examined.

Chapter 111: Extensible Markup Language (XML), Virtual Reality
Modeling Language (VRML), and Extensible 3D (X3D). This chapter
provides an in-depth look at the underlying tools used to create 3D

visudizations for the web.

Chapter 1V: Scenario Visualization. This chapter describes the
process of scenario visualization by examining tactical communication

systems.

Chapter V: Parameter Visualization. This chapter describes the
process of individual signals visualization using |EEE Distributed

Interactive Simulation (DIS) specification.

Chapter VI: Operations and Communications Planning. This chapter
examines the military methodologies for operation and communications

planning.

Chapter VII: Modeling Communications Planning and Oper ations
Using the NATO Land C2 Information Exchance Data M odel
(LC2IEDM). This chapter examines the LC2IEDM for suitability of

representing tactical communication planning and operations.

4



Chapter VIII: Demonstration of Results. This chapter describes,
presents, and evaluates the communication visualizations produced during

this thes's.

Chapter I X: Conclusions and Recommendations. This chapter
summarizes the conclusions and recommendations for future work on

tactical communication visualization.
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Il.  BACKGROUND AND RELATED WORK

A. INTRODUCTION

This chapter reviews the fundamental concepts and technology underlying 3D
visualization of communication signals. This chapter introduces the tools and
technologies used within this thesis for generating 3D visualizations. It also presents
some of the current communications planning systems that are used within the
Department of Deferse. A brief overview of military operations and communication

systems planning tools are also presented.

B. TECHNOLOGY

This section provides a brief introduction to some of the technology that enables
3D visualization and battlefield ssimulation using computer networks. These tools are
Extensible Markup Language (XML), Virtual Reality Modeling Language (VRML), the
next-generation VRML encoding Extensible 3D (X3D), and Distribute Interactive
Simulation (D1S), the distributed networking smulation standard. These computer
languages and protocols alow for the description of shared 3D models and the
distribution of simulation information over computer networks.

1 Extensible Markup Language (XML)

Extensible Markup Language (XML) is a markup language and World Wide Web
(WWW) standard defined by the World Wide Web Consortium (W3C). XML isa
markup language that provides structural information for documents. This structure

defines the precise roles and relationships in which the information must follow within



the document. A markup language defines the structure of a particular document. The
XML specification defines a standard way to add markup to documents (Walsh, 1998).
XML differs from other markup languages because it does not directly specify how
information is to be presented, but rather defines the structure (and thus semantics) of the
information.

2. Virtual Reality Modeling Language (VRML) / Extensible 3D (X3D)

The Virtua Reality Modeling Language (VRML) is a descriptive computer
language designed to facilitate the creation of 3D objects and worlds. VRML is similar
to the Hypertext Markup Language (HTML) in that it alows viewing and user interaction
using a standard web browser. VRML 97 is the current published International Standards
Organization (1SO) standard for the VRML language. Extensible 3D (X3D) is the next-
generation VRML specification. X3D extends the functionality of VRML by rewriting
the VRML code with an XML encoding and adding new nodes.

3. |EEE Distributed Interactive Simulation (DIS)

Distributed Interactive Simulation (DIS) is a government/industry/academic
initiative, maintained by the Institute of Electrical and Electronic Engineers (IEEE), to
define the infrastructure linking distributed simulations. The DIS standards are contained
in the IEEE 1278 family of documents. The DIS Application Protocolsin IEEE 1278.1-
1995 contain communication protocols used to standardize the way information about a
simulation is passed between computers on the simulation network. DIS protocols aso

specify the way information is packetized and transmitted ‘ over-the-wire’ of the network.

The DIS protocols are an outgrowth of simulator-network (SIMNET) research

completed for the Defense Advanced Research Projects Agency (DARPA). Bolt,



Beranek, and Newman conducted SIMNET research in the late 1980s. SIMNET’ s goal
was to create a virtual battlefield by linking numerous computers together. The DIS

protocols have drawn on the experience and lessons learned from SIMNET.

DIS is designed for both interactivity and distributed computing on different types
of computer operating systems and networks architectures. Simulations will proceed
correctly as long as each computer has implemented the DIS protocol correctly. The DIS
standard specifies a set of messages or Protocol Data Units (PDUSs) that contain ordered
data fields conveying state information about the entities in the simulation. The state
information fields are states such as speed, location, orientation, and acceleration for
simulated entities. DIS packets usually rely on multicast for the network transport
protocol. Multicast reduces the number of redundant packets sent over the network
through the use of traffic grouping techniques, thus reducing the overhead of the

simulation.

Ongoing work with DIS can be found in several symposia series, including: |IEEE

International Workshop on Distributed Simulations and Real Time Applications.

C. COMMUNICATION TOOLS

The next section details severa communication planning and visualization tools
currently being used within DoD. The tools are System Planning, Engineering and
Evaluation Device (SPEED), Mobile Subscribe Equipment- Network Planning Tool
(MSE-NPT), Satellite Toolkit (STK), and the Edge Product Family. Thisthesis surveys

these available tools and examines their ability to visualize radio signalsin 2D or 3D.



1. U.S. Marine Corps System Planning, Engineering and Evaluation Device
(SPEED)

The System Planning, Engineering and Evaluation Device (SPEED) was designed
for the U.S. Marine Corps (USMC) by the Marine Corps Tactical Systems Support
Activity (MCTSSA) (SPEED, 2000). SPEED is PC-based program designed to run
under Microsoft Windows. SPEED is an integrated set of tools used by communication

planners to generate communication scenarios on avirtual 2D map.

SPEED utilizes terrain data, user-inputted parameters, and physics-based analyses
to predict communications circuit status of up, down, or marginal. The program contains
the predefined characteristics for many of the radios military units employ. SPEED can
also perform coverage analyses for ground and satellite emitters within the 2D map view.
The SPEED suite of tools includes the SPEED Path Profiler, SPEED Point-to-Point,
SPEED Radio Coverage Anaysis, SPEED Satellite Planner, SPEED High Frequency

Communications Planner, and the Topographic Manager.

The SPEED Path Profiler is a map-based application that uses digital terrain data
to generate 2D maps. The Path Profiler is the display mechanism for the Point-to-Point,
Radio Coverage Analysis, and Satellite Planner. The Point-to-Point Planner uses a 2D
map for radio placement selection. The program calculates line of sight characteristics
and probabilistic communications link margins of good, marginal, or down. Radios can

be manually repositioned to find the best locations for placement.

The Radio Coverage Analysistool predicts the expected range and area of radio
coverage and displays the area of coverage. Planners are able to view the area of radio

coverage for asingle radio as well as the common radio coverage for two or more radios.
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This tool also determines the coverage for a Position Locating and Reporting System

(PLRS) network with PLRS Area Analysis tool.

The Satellite Planner is used to plan and evaluate satellite links based on proposed
locations for satellite communication terminals. Satellite Planner can operate with both
geostationary and non-geostationary satellites. The Topographic Manager is designed to
manage the use of Digital Terrain Elevation Data (DTED) obtained from the National
Imaging and Mapping Agency (NIMA). DTED is elevation data available for much of
the earth’ s surface at differing resolutions. Topographic Manager processes the DTED,
which is then used for line-of-sight (LOS) calculations throughou the SPEED program.

2. US Army Mobile Subscriber Equipment — Network Planning Terminal
(M SE-NPT)

The US Army Mobile Subscriber Equipment (M SE) — Network Planning
Termina (NPT) is a set of radio-profiling software and hardware that was devel oped
under a cortract for the CECOM (MSENPT, 1997). All Army tactical units that have
M SE transmission equipment use MSE-NPT. Some Air Force tactical communication

units also use MSENPT.

MSE-NPT provides the communication planners an object-oriented approach for
creating communication plans. Operators create networking plans using the 2D graphical
user interface (GUI). The operator must have knowledge of the specific radios and their
capabilities. Once a user has completed a network design with specific locations for the
transmission equipment, MSE-NPT will provide a detailed analysis of the network using
terrain profiling. The detailed analysis includes link margins, propagation loss, path
reliability, FRESNEL zone clearance, multi path effects, and climate factors. MSE-NPT

uses NIMA DTED products to calculate terrain effects on user-designed networks. MSE-
11



NPT outputs its findings using on a 2D color display with the network overlaid on the
terrain map.

3. Satdlite Tool Kit (STK)

Satellite Tool Kit (STK) is a space and communication planning and visualization
tool suite designed by Analytical Graphics, Inc (AGI, 2001). Primarily designed asa
satellite and space design and evaluation tool, STK has been consistently upgraded to
incorporate communication, radio, and command and control modules. STK is the core
tool of the software suite. It isdesigned to run on a PC or Unix platform. The STK core
software tool has been recently released as freeware software product with some

additional modules available for afee. STK isavailable at (www.stk.com).

The STK core toal is used throughout the Department of Defense Space Units for
analysis of al types of space missions. STK provides modeling and visualization for
these mission types. It also provides modules for communications and enhanced

visualization. STK also supports DIS networking.

The communication module (STK/Comm) provides analysis of the quality of
communication links. The three main functions of the Comm module are to: provide
link analyses for all orbit types, including geostationary and Low Earth Orbiting (LEO)
spacecraft; generate contour plots of critical communications parameters; and model
radio interference (AGI, 2000). As military communications systems become more
complex with communications reachback and tactical satellite use, the end-to-end

analysis of communications systems is increasingly important.

The STK visuaization module (STK/VO) is designed to provide both 2D and 3D

communication and space scenarios. The STK / Advanced VO module aso provides
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high definition 3D imaging for video production and terrain visualization. STK/VO is
also capable of performing scenario fly through to visualize relationships between objects
within a scenario.

4. EdgeProduct Family by Autometric, Inc.

Autometric, Inc. (acquired by Boeing in August, 2000) developed a 2D and 3D
visualization and analysis toolkit called the Edge Product Family. The Edge Product
Family is a Microsoft Windows-based platform providing Battlespace Situational
Awareness, Intelligence Analysis, Decision Support, and Intelligence Surveillance
Reconnaissance Collection Support. Edge istightly coupled with Microsoft Office

products to facilitate data interchange.

Edge consists of tools designed to model, ssmulate, and visualize wesather,
battlefields, space, and all types of user data. These products can be used to generate 2D
or 3D visuaizations of users’ information or information created from Edge simulations.
The Edge toolkit contains the following tools. BattleScape, a 3D situational-awareness
tool; Omni, 3D modeling, simulation, and visualization package for user-defined
interactions of objects; and Wings, a 2D or 3D missionrehearsal tool. The visualization
upgrades allow map and imagery data, terrain models, and weather phenomena to be
incorporated into the 3D scenes. All of these products can be used together to create
complex visualizations of the battlefield. Figure 2.1 shows a possible combination of

mapping and terrain products with visible coverage areas for satellites and aircraft.
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Figure 2.1 BattleScape Visualization Scene Showing Coverage Areas for Aircraft and
Satellites, Ref. (Autometrics, 2001)

5. Ontar Corporation Family of Products

Ontar Corporation develops and distributes software dealing with atmospheric
science and image processing. It currently distributes the U.S. Air Force Research
Laboratory’s MODTRAN model. MODTRAN is used for computing transmission
through the atmosphere. It provides calculations from the UV through visible, infrared,
and microwave spectrum. PcEosael is also of interest for tactical communications. It
provides theoretical, semiempirical, and empirical programs describing the effects of

electromagnetic propagation in battlefield environments (Ontar, 2001).
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D. MILITARY PLANNING METHODOLOGIES

The following section briefly introduces military planning methodology
specifically concentrating on the Operations Order (OPORD) and Communications
Annex to an OPORD. Military planning is a sequentia process accomplished at all
levels of the chain of command from the National Command Authorities through the
Combatant Commanders to subordinate commanders. It is performed in accordance with
both joint and service planning publications and guidance. Operation planning is
accomplished as part of both Deliberate and Crisis Action Planning. Deliberate planning
is used to prepare for possible contingencies and is conducted mostly in peacetime.

Crisis Action Planning is based on time critical events as they are happening.

1 OperationsOrders

Operation Orders are multi-level documents the military uses for all types of
operations. OPORDs follow prescribed formats and are passed from commanders to
their subordinate commanders for their execution. OPORDSs can be outlined in deliberate
planning actions, but are not executed until they have been modified to the specific
situation during Crisis Action Planning. Operation Orders contain annexes detailing the
specifics for different functions that are to be acconplished in accordance with the order.
Some of these are communications, logistics, and unit defense. One of the difficultiesin
producing compatible, overarching OPORDs is the variety of specific requirements
between the individual services and within the warfare communities.

2. Communications Annex

The communications annex outlines all of the communication assets and

placement for use during the accomplishment of an Operations Order. It specifieswhich
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communication systems will be used, how those systems will interconnect, and which
users will be able to communicate. The communications annex provides the details of
frequencies, the cryptographic equipment and keying material that will be used, and the

power levels for satellite terminals and Radio Frequercy (RF) emitting systems.

E. CHAPTER SUMMARY

This chapter outlines the technology and tools for modeling communication
systems used for communication signal visualization. This consists of 3D and simulation
technology, such as VRML, Extensible 3D (X3D), and the IEEE Distributed Interactive
Simulation (DIS) protocol. Several of the current communication and visualization tools
utilized by units within the Department of Defense are also examined. Finally, some of

the operation and communications planning methods of DoD are examined.
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I11.  VIRTUAL REALITY MODELING LANGUAGE (VRML),
EXTENSIBLE MARKUP LANGUAGE (XML), AND
EXTENSIBLE 3D (X3D) GRAPHICS

A. INTRODUCTION

This chapter examines the computer languages that provide the ability to describe
and generate 3D. The first section provides an in-depth discussion of the Virtual Reality
Modeling Language (VRML). The second section introduces Extensible Modeling
Language (XML). The next section describes GeoVRML and the ability to incorporate
geographic coordinates into VRML scenes. The last section provides information on the

next-generation VRML specification, Extensible 3D (X3D) Graphics.

B. VIRTUAL REALITY MODELING LANGUAGE (VRML)

Virtual Reality Modeling Language (VRML) is a computer language designed for
describing and displaying 3D models along with user interactions on them. One of
VRML'’s benefitsis its recognition as an 1SO standard designed for viewing 3D scenes
using World Wide Web browsers. Using VRML, adesigner can describe a 3D model

that a user can view and interact with using a web browser.

The examplesin this thesis are shown using Cosmo Player 2.1.1 3D-browser
plug-in devel oped by the Cosmo Software team of Platinum Technology

(http://cosmosoftware.com/products/player). Cosmo Player isa VRML Plug-in for web

browsers. Web browsers provide the plug-in frameworks to allow developers to extend

the functionality of a browser without modifying the browser itself. With the use of plug-
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ins, web browsers can now support additional file types and formats such as VRML, that

developers create.

VRML provides a user with independence of viewpoint and freedom of
movement allowing them to interact with various 3D models and scenes for example, a
VRML model of a house can allow a user to walk through the house and examine room
by room. The various examples in this thesis are shown using the approved VRML97

standard (VRML, 1997).

The fundamental design structure in VRML97 is the scene graph. This scene
graph describes the 3D models, their visual properties and interactions, plus a user’s
interactions with the scene. The scene graph is composed of groups of encoded content
called nodes. Nodes are added to the scene to display graphica objects such asaBox,
Spher e, Cyl i nder (primitive objects), El evat i onG'i d, or | ndexedFaceSet
(complex polygon representations). These nodes can be grouped together to describe
more complex objects that can then be used to specify animation or interaction. The two
basic steps in constructing a scene graph are to specify the visual nodes and appearance
of the model and then specify the interaction and movement of the model. VRML
provides a standardized interchange language to create such virtual words so they can be
viewed with any VRML-capable Web browser. Figure 3.1 implements several of these

VRML nodesto create avirtual earth (Brutzman, 1998).
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#VRML V2.0 utfd

Group {
children [

Viewpoint {
description "initial view'
position 6 -1 0
orientation 0 1 0 1.57

Shape {

geometr ySphere{ radius 1 }
appearance Appearance{
texture ImageTexture {

url "earth-topo.png"}}}

Trans form {
translation 0 -2 1.25
rotation 0 10 1.57
children [

Shape {
geometry Text |
gtring [ " Hello" "worldl"
1} appearance Appearance {
material Material {
diffuseColor 0.1 0.5 1
Y11 4r11

initial view

Figure 3.1 “Hello World” Source Code and Rendered World,
From (Brutzman, 1998)

VRML supports a large selection of nodes for composing a 3D scene graph. The
next sections introduce the key nodes needed to understand the design of communication
visualization examplesin this thesis.

1. Visual Nodes

The visual aspect of a scene graph is described using geometry and appearance,
combined together using the shape node. The Shape node can contain one instance
chosen from a variety of geometry including four primitives: the Box, Cone,

Cyl i nder,and Spher e. An appearance is associated with each shape to define its

rendering. Shapes are inserted into the scene graph as nodes. These nodes can be
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grouped, sized, trandated, rotated, colored, and textured to build more complex entitiesin
the virtual world. The shape node also contains severa other nodes including
I ndexedFaceSet , | ndexedLi neSet , | ndexedPoi nt Set , and

El evati onG i d. These nodes create arrays of polygons that map out an object in the

virtual world.

Figure 3.2 shows a Tropo Satellite Support Radio (TSSR) with beam antenna
pattern. A TSSR is a microwave radio set used for short-distance (Iess than 20 miles)
point-to-point communication. These complex shapes can be built using a combination

of primitive shapes.

#% Metscope
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[ == | Docdment Dong o i ! T e

Figure 3.2 Tropo Satellite Support Radio (TSSR) Built Using Primitive Shapes
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Complex models are often built using specialized 3D authoring software or
Computer-Aided Design (CAD) software. With these software packages, a user can
convert and export the object toaVRML | ndexedFaceSet node. The
| ndexedFaceSet isused to create complex and redlistic shapesin VRML. Once the

| ndexedFaceSet iscaculated, it is placed as a value in the geometric field of the

Shape node alowing it to be manipulated like primitive shapes.

Shape nodes aso contain an Appearance node to alow the designer to specify
how an object is rendered. The Appearance node is used with the Texture and Material
nodes to specify texture images and color of the object. The Material node allows the
specification of diffuse, specular, and emissive color as well as shininess and
trangparency. The Texture node alows images to be placed over an object for increased
realism. A terrain map or cartographic image can be placed over the elevation datain a

virtual world to present a more redlistic or informative setting (Brutzman, 1998).

The terrain shown in Figures 3.3 and 3.4 was created using a feature within
MATLAB that reads DTED files and can generate values for VRML terrain filesin the
formof an El evat i onGi d (Brutzman and Blais, 2001). Figures 3.3 and 3.4 show
two views of the Las Pulgas Beach at Camp Pendelton, California. Figure 3.3 displaysan
aeria view of the beach. The colorsindicate the relative elevation of the beach. Figure

3.4 shows a ground level view from the beach.
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Figure 3.3 Aeria View of Las Pulgas Beach at Camp Pendelton, California
Generated from National Imaging and Mapping Agency (NIMA) Digital Terrain
Elevation Data (DTED) using a Matlab Script, After (Brutzman, Blais, 2001)
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Figure 3.4 Beach Level View of Las Pulgas Beach, Camp Pendelton, California

2. Grouping Nodes

Grouping nodes are used to combine sets of nodes to create more complex objects
that can then be manipulated as a single unit object. This modular design simplifies the
design of action and interactions within large virtual worlds. Grouping nodes are made
up of theGr oup, Transform Billboard, Collision, and the Level

of Detail (LOD) nodes.

The G oup node is the most basic of the grouping nodes. It specifies a collection

of subordinate nodes that can be manipulated as a whole. The subordinate nodes of any

grouping node are referred to as children of the grouping node. The Tr ansf or mnode

isacritical node for organization and movement of objects in a scene graph. The
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Tr ansf or mnode groups its subordinate nodes similar to the Group node, but it can also
bring groups of Group nodes together and move them within aloca coordinate system.
Within the local coordinate system, the Tr ansf or mnode can a so specify trandational
rotational, and scaling changes of the children nodes. Thisis one of the fundamental
capabilities of a scene graph. Thet r ansf or mnode can be combined with interpolator
nodes (defined below) to create animation in the virtual world. (Brutzman, 1998)

3. Viewing and Navigationlnfo Nodes

The Vi ewpoi nt nodeis designed to make navigation easier within a virtual
world. It allows the designer to add predefined locations and camera angles for viewing
the scene. These predefined views, when carefully designed, can make navigation easier
within the virtual world by highlighting object or views the author feels are important.
These predefined views can be easily accessed through the navigation interface of the
VRML browser. Exploration of large virtual worlds is a'so more manageable because
viewers can jump to another location without needing to manually navigate through the
world. In Cosmo Software VRML Plug-in displays, shown in Figure 3.5, viewpoint

information is shown at the bottom left of the screen.
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Figure 3.5 Cosmo Software VRML Plug-In

Therelated Navi gat i onl nf o contains information about the physical
characteristics of the viewing avatar. These include the physical height, and speed at
which the avatar can move. The Navi gat i onl nf o node permits an author of a virtual
world to control how a view moves about the scene. A viewer may be forced or guided
to walk (rather than fly) though a scene (Brutzman, 1998). Further details and a 3D
tutorial for navigation in 3-space is provided by the Chomp! demo included in the Cosmo

Player distribution. Figure 3.6 shows the Chomp! demo.
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Figure 3.6 Chomp Demo for 3-Space Navigation Practice (Silicon Graphics, 1998)

4. Behavior and Event Model

Nodesin VRML are defined by their fields and events. Fields contain values
representing the nodes. A behavior in VRML is a change in the field value. Events pass
behaviors with their timestamp to another field value. Scr i pt nodes can either be sinks
or sources of events. The VRML event execution model defines how VRML processes
events. After a sensor or script has generated an initial event, the event is propagated to
other affected nodes. These other nodes may respond by generating additional events,
continuing until all routes have been honored. This processis called an event cascade. All
events generated during a given event cascade are assigned the same timestamp as the
initial event, since all are considered to happen instantaneously. Once the event cascade

is complete, the results are rendered (Carey, 1997).
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5. Interpolators Node and ROUTES

After the scene graph has been designed with geometries and virtual objects, it is
often desirable to animate the scene. VRML uses interpolators and ROUTE nodesto
perform animation. Interpolator nodes are designed to provide keyframe animation,
where a position or rotation is specified for only afew, key fractional times. The VRML
interpolator nodes use these key fractional times and values as a rough sketch of the
animation and fill in the values between those specified as needed (Ames, 1997). The
most common interpolators are the position and orientation interpolators, but there are
also color, coordinate, normal, and scalar interpolators. The position and orientation
interpolators are used to create trandlated and rotational animation of objects in the scene
graph. Scri pt nodes can extend the functionality of interpolators by alowing the

addition of software agorithms to control the interpolation.

Once the calculations are completed, the resultant values must be passed to
Transform Shape, or Appear ance nodes for the action to take place. ROUTEs
are used to dispatch events between VRML nodes. For example a ROUTE can take the
calculated changes from an interpolator and redirect the data into the Tr ansf or mnode.

The modified field in the Tr ansf or m node implements the behavior changes in the

scene graph (Ames, 1997).

TheTi meSensor node drives the animation process. The Ti meSensor darts

and stops animation and control the animation speed. The Ti neSensor node provides

the clock that the interpolators use to output positional data.
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6. Sensor Nodes

There are six different sensors in the VRML specification that alow user
interaction within a scene graph. These are Ti neSensor, TouchSensor,
VisibilitySensor, PlaneSensor, SphereSensor,and
Cyl i nder Sensor . Sensors are either triggered by time or user interaction.
TouchSensor , one of the primary sensors, activates whenever a mouse cursor or
pointing device is placed over or clicks on the sensed object. TouchSensor s are
useful for turning on and off behaviors and linking to additional information. Script
nodes are also used to extend sensor functionality. New nodes being added in
X3D/VRML 200x include KeySensor and St ri ngSensor for keyboard-based string
input.

7. Script Node

TheVRML Scri pt node is used to integrate imperative programming languages
such as Java and ECMA Script (formerly known as JavaScript) into the scene graph. The
Scri pt nodeis used to connect programmed behaviorsinto ascene. Scri pt nodes
typically signify a change or user action, receive events from other nodes, and contain a
program module that performs some computation, thereby effecting change somewhere
else in the scene by sending events. (VRML SPEC, 1997) The Scr i pt node can be
used with | nt er pol at or and Sensor nodes to add flexibility and more conplex
behaviors. It is often used to perform functions such as network access, physics

calculations, or a user-interface.
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8. PROTO and EXTERNPROTO Déefinitions

The PROTO and EXTERNPROT O definitions are used to create new VRML nodes
as combinations of predefined VRML objects. PROTOs are especially useful for
constructing large, specialized scene graphs in which an object is used repetitively in
different ways or in many different worlds. Corresponding termsin X3D parlance are
Pr ot oDecl are, Protol nstance, and Ext er nPr ot oDecl are. A PROTO
defining an object needs to be created only once, and then it can be instantiated wherever
the designer needs to use it. PROTOs provide an efficient way to create large virtual
worlds in modular fashion. EXTERNPROTOs can be placed in separate VRML files and
referenced in another scene by instantiating it in the local VRML file. Designers can

create libraries of complex objects for use in multiple worlds.

C. GEOVRML

The VRML97 specification is a powerful tool for representing 3D worlds. One of
its drawbacks is the ability for the specification to represent or utilize geographic
concepts. VRML97 does not address concepts such as latitude/longitude, related
coordinate systems, or the ability to navigate within these systems. GeoVRML 1.0

(www.geovrml.org) is a suite of nodes that define geo-referenced scene graph objects and

data such as maps and 3D terrain models. These nodes can also be viewed using a
standard VRML plug-in to aweb browser. Resarchers at the Stanford Research Institute
(SRI) developed the GeoVRML suite of nodes and tools using software from the
Synthetic Environment Data Representation and Interchange Specification (SEDRIS)

(SEDRIYS) project (SEDRIS, 2001). GeoVRML is now available to the public. The key
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components of GeoVRML are ten specialized PROTO nodes designed for referencing
and interpolation of virtual worlds through geographic mechanisms. The GeoVRML
PROTOs use underlying Java code and Script nodes to perform the physically based
calculations and geographic modeling. The GeoVRML suite is a “ Recommended

Practice” of the Web 3D Consortium (lverson, 1999).

GeoVRML nodes perform similar functions to corresponding nodes in the
VRML97 specification. The left side of Figure 3.6 shows a GeoVRML code fragment
that builds the geo-referenced virtual scene shown on the right side of the figure. This
code does not display all of the declarations necessary for full geo-referencing, but it does
show the mgjor nodes necessary to render a GeoVRML scene. Thisvirtual Earth appears
similar to the virtual Earth in the original “Hello World” scene in Figure 3.1. The

origina scene was a Sphere node wrapped in a texture map of the Earth.

The geo-referenced scene in Figure 3.6 is composed of elevation grids geo-
referenced to the actua latitude and longitude of the location. This scene demonstrates
the power of GeoVRML by placing an inverted cone at the exact location of Monterey
California. GeoVRML is akey technology for representing the virtual battlespace
because it will allow planners and operators to view actual areas using geographical
coordinate systems such as L atitude-L ongitude and the Military Grid Reference System

(MGRS).
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GeoVi ewpoi nt { # Netscape

geoOrigin IS geoOrigin Fil= Edit Miew Go Communicator Help

geoSystem ["UTM' , "Z11"] = 5 = -

position "3905500 578200 10000000 & @ \a' ﬁ o @
orientation 1 0 0 -1.57 i Baek Eariwardl  Reload Hiome: Search  Metscape

description "Vél come to Monterey } i wiv Bookmarks % Location:linTenain.er —I 1™ What's Related

#Build Earth w GeoElev. Gid & Lat/long
Shape { B Instant Messags webhd il Contact People ‘rellow Pac

appear ance Appearance {
material Material {
di ffuseColor 0.8 1.0 0.3 }
texture DEF TEX | mageTexture
{ url "earth.gif" }}
geonetry GeoEl evationGid {
geoOrigin IS geoOigin
geoSystem [ "GDC' ]
geoGidOrigin "-90 -180 0"
xDi nensi on 21

zDi nensi on 21 J
xSpaci ng "18" N-Pb .
zSpacing " 9" Monterey. CA
height [0 O 0 0...(441 total) ]}} ’
GeoLocation {
geoSystem [ "GDC' ]
geoCoords "36.601388 -121.88166 200000"
R Lat/Long Monterey CA
children [
Transform {
rotation 1 0 0 3.1415926
children [
Shape {
appear ance Appearance {
material Material {
di ffuseColor 1 0 0 }}
geonetry Cone {
bot t onRadi us 100000
hei ght 500000 }

Figure 3.6 X3D Source Code and Rerdering for GeoVRMLWorld.wrl, From
(Murray, 2000)

GeoVRML alows the conversion of Digital Terrain Elevation Data (DTED) post
height information provided by the National Imaging and Mapping Agency (NIMA) into
correctly georeferenced maps for use in virtual worlds. Military mission planning
requires this type of accuracy for terrain. GeoVRML supports the generation of

georeferenced terrain for 3D visualization of military plans at any location in the world.
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The next section introduces the magjor nodes available in GeoVRML. These
include GeoOri gi n, CGeolLocati on, GeoPositionlnterpol ator,and
GeoVi ewpoi nt .

1 GeoOrigin

The currently supported coordinate reference systemsin the GeoVRML suite
assume the virtual world begins at the center of the Earth. In order to gain optimal
precision of the model, GeoVRML providesthe GeoOr i gi n node to specify the local
coordinate system. Only one GeoOr i gi n node is used within a scene, directing a
browser where to look inside the VRML world and to interpret the geological data.
(Reddy, 2000)

2. Geol ocation

The military uses maps for all types of planning and operational situations. It is
of critical importance to place objects at precise locations in a virtual battlespace. The
CGeolLocat i on node provides the capability to place objectsin avirtual world using a
geological reference frame. This node performs in a manner similar to the Transform
node of VRML97 specification. (Reddy, 2000)

3. GeoPositionlnter polator

In the VRML 97 specification, the Transform node is coupled with the
Posi ti onl nt er pol at or node to provide smooth motion for animation. In the
GeoVRML suite, the GeoLocat i on nodeis aso coupled with the
GeoPosi ti onl nt er pol at or. TheGeoPosi ti onl nt er pol at or node
performs the function of keyframe animation by calculating key values and intermediate

position in geological coordinates. A time sensor is used to drive the process that passes
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the coordinates to the GeoLocat i on node effecting movement of an object about a
geo-referenced world. (Reddy, 2000)

4. GeoViewpoint

The GeoVi ewpoi nt node performs the function of the viewpoint node in the
VRML97 specification. The GeoVi ewpoi nt node allows a designer to specify a
viewer’s location and orientation in a geo-referenced coordinate frame. The

GeoVi ewpoi nt node facilitates navigation within complex GeoVRML worlds.

D. EXTENSIBLE MARKUP LANGUAGE (XML)

Extensible Markup Language (XML) is a markup language defined by the World
Wide Web Consortium (W3C). XML isdesigned to alow the definition of structured
documents. XML is asubset of the Standard Generalized Markup Language (SGML).
SGML isan ISO standard that facilitates document formatting and processing. Its use
has expanded to encompass and facilitate all types of data exchange. XML isthe
lightweight version of the full SGML implementation: design provides 80% of the
functionality (at 20% of the cost) of the full implementation of SGML (World Wide Web

Consortium (W3C), 2001).

XML allowsthe creation of elements or tagsets that describe data. Thisis
referred to as metadata, or data describing data. The datain such a document becomes
self-describing. XML uses entities as the basis for document definition. Each entity has
attributes defining the way it should be handled. XML provides aformal syntax for
describing the relationships between the entities, elements and attributes that make up an
XML document, which can be used to tell the computer how it can recognize the
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component parts of each document (Bryan, 1997). The Document Type Definition
(DTD) formally defines the tagsets and relationships used in a document (World Wide
Web Consortium (WC3), 2000). The DTD ensures document validity by testing the
document conformance against the set of rulesinthe DTD. XML Schemas are similar
to DTDs. XML Schemas express shared vocabularies and allow machines to carry out
rules made by people. They provide a means for defining the structure, content and

semantics of XML documents (World Wide Web Consortium (W3C), 2000).

E. EXTENSIBLE 3D (X3D)

Extensible 3D (X3D) is the next-generation VRML specification. X3D is more
than an update to the VRML97 specification. X3D is aredesign of both the VRML97
code structure and encoding. X3D provides an Extensible Markup Language (XML)
encoding of the VRML97 specification. By using XML, the new X3D standard includes
a Document Type Definition (DTD) tag set that allows users to develop well-formed and
validated scene graphs. The extensibility of the XML encoding provides multiple
additional benefits. Extensibility gives X3D the ability to define and integrate new nodes
a runtime. X3D has the ability to encode geometries rapidly and aso define new
geometries, which ensures correct the rendering of increasingly intricate models. X3D is
fully backward compatible with the VRML 97 standard by providing identical
fundamental nodes and structures. X3D aso provides an XML schema. The XML
Schema has been used to automatically generate an X3D Application Program Interface

(APYI), the Scene Authoring Interface (SAI) (Goldberg, 2001).



By using XML as the basis for X3D, designers now have the ability to create
geometries that contain XML metadata. Metadata is data describing the geometriesin the
scene graph to other applications that may use the data. Metadata is especially powerful
for military planners because it provides definable geometries that can be transformed,
organized, and displayed according to their needs. Of particular interest are
corresponding metadata references for XHTML (W3C, 2000) and the XM L-based

Resource Description Framework (RDF) (W3C, 2001).

The X3D-Edit authoring tool makes use of the X3D software suite to allow
developers to produce valid, syntactically correct scene graphs (Brutzman, 2001). X3D-
Edit employs and configures IBM’s Xeena XML editor (IBM Haifa Research Laboratory,
2000), which has been configured to facilitate the development of VRML scene graphs
conforming to the X3D Compact DTD. The tool uses an Extensible Stylesheet Language
(XSL) (Kay, 2000) to convert X3D documents to documents conforming to the VRML97
specification. After conversion, X3D-Edit automatically launches a VRML-enabled

browser for convenient debugging. Figure 3.7 shows a screen capture of X3D- Edit.
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Figure 3.7 Screen capture of X3D-Edit Tool, From (Brutzman, 2000)

All modes in this thesis are generated using the X3D devel opment environment.
Although the VRML97 specification is the basis for the models, X3D provides a
convenient structure and flexibility for producing valid scene graphs. Figure 3.8 show
examples of X3D and VRML code that will render identical worlds. These code sets

represent the Hello World scene shown in Figure 3.1.
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#VRML V2.0 utf8 <X3D>
G oup { <Scene>
children [ <Group >
<Vi ewpoi nt
Vi ewpoi nt { description="initial view
description "initial view' orientation="0.0 1.0 0.0 1.57°
posi tion 6 -10 position="6.0 -1.0 0.0°
orientation 0 1 0 1.57 } />
<Shape>
Shape { <Sphere radius="1.0/>
geonetry Sphere { radius 1} <Appear ance>
appearance Appearance{ <I mageTexture
texture I nmageTexture { url =""earth-topo.png" “
url "earth-topo.png"}} />
} </ Appear ance>
</ Shape>
Transform { <Transform
translation 0 -2 1.25 rotation="0.0 1.0 0.0 1.57'
rotation 0 10 1.57 translation='0.0 -2.0 1.25" >
children [
<Shape>
Shape { <Text string=""Hello" "world!"'/>
geonetry Text { <Appear ance>
string [" Hello” "world!" ]} <Materi al
appear ance Appearance { di ffuseColor="0.1 0.5 1.0°
nmaterial Material { />
diffuseColor 0.1 0.5 1 }} </ Appear ance>
</ Shape>
}
] </ Transf or np
}
] </ Group>
} </ Scene>
</ X3D>
Figure 3.8 VRML (left) and X3D (right) Source Code for "Hello World", From

(Brutzman, 1999)

F. CHAPTER SUMMARY

XML, VRML, GeoVRML, and X3D are the underlying tools used throughout this

thesis to demonstrate exemplar 3D scenes. These powerful tools facilitate the creation

and displaying of 3D visualizations using common web browser technology. This

revolution will enable 3D graphics to become as commonplace as today’ s 2D web page

technology.
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V. SCENARIO VISUALIZATION

A. INTRODUCTION

This chapter discusses the visualization aspects of a communication scenario.
The fidld of scientific and information visualization are introduced as well as the 3D
graphics palette available in VRML. The commonly used military communication
systems are presented based on the area of the electro-magnetic radio spectrum they

occupy. This section also discusses the aspects of visualizing each system.

B. VISUALIZATION

As computers become increasingly powerful, the amount of data generated also
increases. Computers and humans need to analyze the generated data in order to answer
the research questions for which they are tasked. The field of visualization is concerned
with presenting large datasets in meaningful ways for useful analysis. The two sections
below discuss both scientific visualization and its subcategory of information
visualization.

1. Scientific Visualization

Scientific visualization is the graphical presentation of scientific phenomena for
visual interpretation. The goal of scientific visualization is to enhance scientific
productivity by utilizing human visua perception and computer graphics techniques
(Domik, 1997). Most scientific visualization can be divided into one of two categories.
Thefirst is the representation of scientific information for technical study. These

representations seek to provide a researcher with qualitative insights that might not be
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seen without visualization. The key to this type of visuaization is the accurate

representation of the underlying data.

A second goal of scientific visualization is to convey information to a
nontechnical audience. Such visualizations are different because they must provide
understanding a general audience that may not have insight into the observed phenomena.
The primary goals of this type of visualization are to provide clarity and user
understanding of the information.

2. I nformation Visualization

Large datasets are sometimes difficult to analyze and understand using only
statistical methods. Information visualization is a subset of scientific visualization that
deals with the presentation of large data sets of (primarily numeric) information in a
graphical format. Information visualization seeks to map the data to a visuaization

methodology system that provides viewers with increased understanding.

The graphical rendering primitives available to represent information include
lines, points, solids, images, semi transparent surfaces, and text. The attributes of the
information of interest can be represented by color, size, location, and the relative factors
of the information attributes. The common forms of information visualization include
bar or pie charts, graphs, maps, images, and 3D representations. Information

visualization is arecent and active field of research (Ware, 2000) (IEEE, 2001).
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C. 3D GRAPHICSPALETTE

The 3D graphics palette consists of tools and techniques for use within 3D scenes
to convey information to the viewer. Some of the available tools include color and
textured appearance, size, distance, and animation.

1. Color and Textures

Color isakey tool in the visualization palette allowing a viewer to quickly
distinguish between similar objects or parts of the same object. In many applications,
data ranges are mapped to specific colors for visuaization. The VRML color schemeis
based on RGB colors. The RGB color scale describes any color using numeric values
specifying the amount of Red, Green, and Blue. Intensities for each of these values are
based on a zero to one scale. The first value specifies the amount of red that is used, the
second green, and the third blue. A value of 1 means the color is shown completely. A
value of zero means that color is not used. For example, blueis (0 0 1) and bright yellow
is(110). VRML can aso render glowing colors. These colors are also specified asin

the RGB format in the emissive field of a color node.

VRML further has the ability to map textures to shapes to present a more realistic
appearance. These textures can be images or movies. Textures are applied to objects
depending on the actual shape. A texture applied to a box will place the image on each
side of the box. A texture on a sphere wraps the image counter clockwise starting at the
back of the sphere. These considerations need to be taken into account when using

textures.
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2. Size and Distance

The size of objects and distances between them are important parts of
visualization. Size, or relative size, should accurately reflect the visualized phenomena.
This prevents viewers from quickly dismissing the scenario as unrealistic. Visual cues or

references are needed to accurately judge size and distance in 3D.

3. Navigation

Large scenes or user worlds that are sparsely populated can be difficult to view.
The key to navigation is the ability to direct a viewer’s attention to an interesting part of
the scene. VRML provides Vi ewpoi nt nodes which allow an author to set specific
camera shots capturing important scenes within aworld. VRML also provides the ability
for arbitrary user navigation in several modes including walking through, flying over, and
tilting or rotating the scene.

4. Animation

Animation is an effective way to convey information in 3D visualizations. To
prevent animations from appearing jittery, the visualization frame rate should be greater
than 10 frames per second. Until recently, this was only achievable on specialized
computer equipment optimized for graphics processing. In recent years, commodity PC
hardware can currently generate average frame rates of 6-10 frames per second for large,
complex scenes. It is expected that the rendering capabilities of commodity PCs will

continue to improve exponentially.

VRML utilizes keyframe processing for generating animation. All animations are

based on arelative time frame whose key ranges from O to 1. The position and rotation
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of an object is specified per key, with the fractional times between 0 and 1. VRML then
calculates the intermediate values between these key values to give the animation a
smooth appearance. Overal time frames are then scaled to the actual length of the

animation.

D. RADIO COMMUNICATION

Radio communication is the generation and detection of el ectromagnetic waves
traveling through the air. Heinrich Hertz first demonstrated this ability in 1888. The
radio spectrum is a subset of the electromagnetic spectrum below infrared and visible
light. Radio waves are measured in length and frequency, which are inversely
proportional. Frequency measurements are in cycles per second or Hertz. Theradio
spectrum extends from the Very Low Frequency (VLF) band beginning at 10 kilohertz

(kHz) to the top Extremely High Frequency (EHF) band at 300 gigahertz.

The military has communication systemsin al bands of the frequency spectrum.
The visualizations described in this thesis concentrate on the Very, Ultra, and Super High
Frequency bands. Figure 4.1 and 4.2 show the frequency bands and military uses for

each.
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Figure4.1 Radio Spectrum Frequency Bands, After (Neuhaus, 2001)
Frequency Band Application
10 kHz to 30 kHz Very Low Frequency (VLF) Maritime Mobile Telephone Service
30 kHz to 300 kHz Low Frequency (LF) Radio Beacons for Aircraft Navigation
300 kHz to 3 MHz Medium Fregquency (MF)
3MHzto 30 MHz High Frequency (HF) Army Squad Radios
30 MHz to 144 MHz Mobile Radio Communication
144 MHzto 174 MHz | Very High Frequency (VHF)
174 MHz to 328.6 MHz
328.6 MHz to 450 MHz Trucked or Conventional Base Radio
450 MHz to 470 MHz Ground to Aircraft Radio
470 MHzto 806 MHz | UltraHigh Frequency (UHF) Greatest Usage between 806 MHz to 906
806 MHz to 960 MHz MHz

960 MHz to 2.3 GHz
2.3GHzto 2.9 GHz

Wireless Communication Service

High Capacity Network Transmission

2.9 GHz to 30 GHz Super High Frequency (SHF)
30 GHz and above Extremely High Frequency (EHF) | Point-to-Point Microwave Service
Table4.1 Frequency Ranges and Usage of the Radio Spectrum in the United States,

After (Laflam, 2000)




E. SCENARIO VISUALIZATION

This section describes tactical communication visualization from a scene and
scenario point of view. It examines the different types of tactical communications radio
systems that will be represented. It primarily looks at systems based on the frequency
band they occupy. The Very High Frequency (VHF), Ultra High Frequency (UHF), and
Super High Frequency (SHF) are examined. Additionally, satellite systems throughout
the radio spectrum will be examined for special visualization requirements.

1 Very High Frequency (VHF) Communication Systems

The Very High Freguency band exists in the 30 to 300 megahertz (MHz) range of
the radio spectrum with wavelengths between 1 and 10 meters. The typical military
communications systems operate at the lower end of the VHF band. Thistypically
increases the maximum range of the transmissions. VHF systems are commonly used in

mobility requirements because they can provide omni directional area coverage.

Two common VHF systems are the AN/MRC-145 and the AN/PRC-119. The
MRC-145 is a vehicle mounted VHF- Frequency Modulated (FM) radio that operates
between 30 and 87.975 MHz. The MRC-145 provides long-range communications of up
to 21 miles using an omni-directional antenna. The typical data rate is between 600 and
4800 bits per second (bps). The PRC-119 is a man-portable radio used in the same

operating frequencies. It has arange of 5 miles also with a data rate of 600 to 4800 kbps.

VHF system visualization represents unique requirements because of the large
omni-directional coverage areas. Physical and man made objects, such as terrain features

and large buildings, can also obstruct VHF signals. Vehicles having multiple radios or
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densely populated troop areas can quickly increase the scenarios complexity. The use of
many overlapping coverage areas can quickly make UHF signals indistinguishable.

2. Ultra High Frequency (UHF) Communication Systems

The Ultra High Frequency band exists in the 300 MHz to 3- gigahertz (GHz) range
of the radio spectrum with wavelengths between 0.1 and 1 meter. The typical military
communications systems operate at the upper end of the VHF band and into the lower
end of the UHF band. The frequencies between 225.0 and 399.975 MHz are used
predominantly for air-to-ground communications, but can also be used for local ground-
to-ground communications aso. The range for military air-to-ground systemsin the
UHF band is 200 miles while the ground-to-ground is up to approximately 35 miles

where there are minimal (or no) obstructions between communication points.

UHF signal visualization has similar challenges to those dealt with in VHF
visuadization. The UHF ground-to-ground communication applications also require large
coverage areas with the possibility of many users within a small footprint. The air-to-
ground signals also provide a challenge in their extremely large operational ranges.
There are typically only afew personnel that would be in contact with aircraft using
ground-to-air communications.

3. Super High Frequency (SHF) Communication Systems

The Super High Frequency band exists in the 3 GHz to 30 GHz range of the radio
spectrum with wavel engths between 0.01 and 0.1 meter. The military employs SHF
communications for high bandwidth, point-to-point applications. SHF systems are
operated in line of sight, obstacle gain defraction, or troposcatter modes. LOS operation

requires an unimpeded path between transmitter and receiver and is used for links up to
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25-30 miles. Obstacle gain defraction is used for longer distances of up to 60 miles.
Both transmitters aim at the highest point of the LOS obstruction and use the refractive
properties of SHF energy to bend the beams to the distant end’ s receiver. The
troposcatter method is used for longer link requirements of up to 100 miles. Both end
points aim at predetermined points on the troposphere and use the refractive energy of

SHF to bounce their signals off the troposphere.

The AN/TRC-170 tropospheric scatter radio set and the TER-170 Tropo Satellite
Support Radio (TSSR) both operate within the SHF band. The TRC-170 utilizes either
LOS or tropo communication modes. It can transmit up to 4608 Kbps and operates in the
4.4 t0 5.0 GHz range with a bandwidth of 3.5 or 7 MHz. The Tropo Satellite Support
Radio (TSSR) is a full-duplex, line-of-sight microwave radio terminal used for short-
range point-to-point military applications. The TSSRs are used to remote equipment or
personnel by replacing long cable runs. The TSSR operating range is 20 miles. It can

transmit up to 6144 Kbps and operates in the 14.4 to 15.35 GHz range.

The primary aspect of the SHF system visualization is how to show point-to-point
connectivity over long distances. The visualization must also take into account the three
different modes of operationpossible with SHF. Realistic tropospheric scatter and
refractivity visualization can be particularly chalenging.

4, Satellite Systems

Tactical military satellite systems exist across the entire radio- frequency
spectrum. Communication satellites are usually in a geosynchronous orbit.
Geosynchronous satellites orbit the earth at a precise altitude above the earth allowing the

speed of the satellite to equal the speed of the earth’s rotation. This enables the satellite
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to appear stationary from the earth. The geosynchronous satellite coverage areais nearly
one half of the earth’s surface. From atactical perspective, the visualization of this
footprint isirrelevant because all battlefield operations are typically visibleto asingle
satellite. It isstill useful to show users communicating through the satellite, and to also

the ultimate end points for the communication link.

F. CHAPTER SUMMARY

The field of information visualization provides useful insights into the tactical
communication visuaization problem. It is necessary to represent the communications
systems so users can understand and act on the increased information presented. One
way to analyze the communication scenario is to examine each communication frequency
bands. Each band presents has unique characteristics which must be taken into account

to create accurate visualizations.
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V. SHARED VISUALIZATION OF RADIO CHARACTERISTICS
USING DISTRIBUTED INTERACTIVE SSIMULATION (DIS)

A. INTRODUCTION

This chapter examines the Distributed Interactive Simulation (DIS) protocol and
how communication entities using DIS can be visualized. The first section introduces
the DIS PDU categories. Next, the radio communication family of PDUs is discussed, as
well asthe individual parameters contained within them and how these parameters can be

visualized. The final section describes the DIS-Java-VRML software toolkit.

B. DISTRIBUTED INTERACTIVE SIMULATION (DIS) PROTOCOL DATA
UNIT (PDU) CATEGORIES

The DIS standard specifies a set of messages or Protocol Data Units (PDUS) that
contain ordered data fields conveying state information about the entities in the
simulation. The DIS standard defines 27 different PDUs, which can be grouped into 6
categories. The categories will be examined in more detail below.

1. Entity Information/Interaction PDUs

The Entity State and Collision PDUs represent the entity information interaction
category. The Entity State PDU communicates information about an entity’s current
physical state. State data includes location, velocity, orientation, appearance, markings,
and position and movement of articulated parts. The Entity State PDU also indicates the
entity sending the PDU and the team or force to which the entity belongs. The Collision
PDU is used to convey information about collisions between two simulated entities, or

else collision between an entity and an object existing in the virtual environment.
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DIS applications typically have each entity calculate the current position for all
entities based on previous state information. This “dead reckoning” of location
parameters facilitates the variable PDU packet-transmission scheme used within DIS.
This significantly reduces the amount of PDU traffic required to be sent. The Entity State
PDU may aso be sent periodically to indicate a heartbeat update, or to offset any lost
PDUs.

2. Warfare PDUs

The warfare category represents the use of weapons and effects in the virtual
battlespace. It consists of Fire and Detonation PDUs. The Fire PDU communicates
information regarding the firing of a weapon. The Detonation PDU contains information
about the impact or detonation of aweapon. These are used in conjunction to determine
the effects of a weapon on other entities in the environment.

3. Logistics PDUs

DIS simulations use a series of PDUs to represent logistics functions. These
include Service Request, Resupply Offer, Resupply Received, Resupply Cancel, Repair
Complete, and Repair Response PDUs. The logistics activities are controlled through a
series of request and response messages between entities.

4, Simulation Management PDUs

There are numerous PDUs in the simulation management category including
Start/Resume, Create Entity, and Remove Entity. There are two types of management
PDUs. They are entity/exercise control and data. The simulation protocol may or may

not be used depending on the exercise.
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5. Distributed Emission Regeneration PDUs

The Distributed Emission Regeneration category consists of the Electromagnetic
Emission and Designator PDU. The Electromagnetic Emission PDU is used to
communicate information regarding active electromagnetic emissions, including active
countermeasures. The Designator PDU is a functional designator for such activities as
lasing atarget to support a laser-guided weapon.

6. Radio Communications PDUs

The radio communications family of PDUs contains a transmitter, receiver, and
signal PDUs. The Radio Communication Protocol (RCP) communicate information
about both audio and data transmission viaradio and Tactical Data Links. The RCP aso
supports actual transmission of information in rea-time, or conveyed through a pre-
recorded database. The visualizations within this thesis are based on data fields within
the transmitter, signal, and receiver PDUs to ensure compatibility with the underlying

simulation protocol.

C. RADIO COMMUNICATION FAMILY PROTOCOL DATA UNITS

The radio communication family of Protocol Data Units consists of 3 PDUs:
transmitter, receiver, and signal. They are used to represent radio objects within
simulations. Each of the PDUs and their individual parameters will be discussed. The
three PDUs have two common fields. The first is Entity ID and the second is Radio ID.
The Entity ID is used to uniquely designate any Entity during a specific exercise. An
entity could be atank, plane, military unit, or any other object that can be smulated. The

Radio ID is used to identify a specific radio within the simulation.
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There are two types of values within the Radio Communications Family PDUs.
The first are parameters with enumerated values, which have only a certain number of
specific values that can be used. The antenna pattern type parameter is a Ssimple example
of the enumerated field. It can have three different values: beam, omni-directional
dome, or spherical harmonic. The second type of parameter is anumerical value, which
can take any value within the specified range. Frequency is an example of a numerical
parameter. It can take any numerical value between zero and its maximum allocated byte
size.
1. Transmitter PDU
The transmitter PDU contains all the information needed to specifically identify a
radio transmitter within a smulation. The information contained within each PDU can be
used to calculate additional parameters such as signal strength, coverage area, and other
fields needed to represent transmitted signals. There are a large number of parameters
used within the transmitter PDU. This section describes the parameters contained within
the transmitter PDU (IEEE, 1995):
= PDU Header. This field shall contain data common to all DIS PDUSs.
= Entity ID. This field shall identify the entity that is the source of the radio
transmission.
= Radio ID. This field shall identify a particular radio within a given entity.
Radio IDs shall be assigned sequertially to the radios within an entity,
starting with Radio ID 1. The combination of Entity ID and Radio 1D
uniquely identify aradio within a simulation exercise.
= Radio Entity Type. This field shall indicate the type of radio being
simulated.
=  Transmit Sate. Thisfield shall specify whether aradio is off, powered but
not transmitting, or powered and transmitting.
» |nput Source. This field shall specify which position, (pilot, co-pilot, first
officer, gunnery officer, etc.) or data port in the entity utilizing the radio,
is providing the input audio or data being transmitted.

= Antenna Location. This field shall specify the location of the radiating
portion of the antenna.
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2.

Antenna Pattern Type. This field shall specify the type of representation
used for the radiation pattern from the antenna.

Antenna Pattern Length. This field shall specify the length in octets of the
Antenna Pattern Parameters field.

Frequency. This field shall specify the center frequency being used by the
radio for transmission. This frequercy shall be expressed in units of hertz.
Transmit Frequency Bandwidth. This field shal identify the bandpass of
the radio defined by the Radio ID field and the Radio Type field.

Power. This field shall specify the average power being transmitted in
units of decibel- milliwatts.

Modulation Type. This field shall specify the type of modulation used for
radio transmission.

Crypto System. This field shall identify the crypto equipment utilized if
such equipment is used with the Transmitter PDU.

Crypto Key ID. Thisfield shall consist of 16 bits. The high-order bit, when
cleared, shall indicate that the crypto equipment is in the baseband
encryption mode, and when set shall indicate that the crypto equipment is
in the diphase encryption mode.

Length of Modulation Parameters. These fields shall specify the length in
octets of the modulation parameters.

Receiver PDU

The receiver PDU contains al the information needed to specifically identify a

radio recaiver within asimulation. Each receiver PDU contains information about the

entity receiver and can be used to calculate whether asignal was received and if alink

could be established. This section describes the parameters contained within the receiver

PDU (IEEE, 1995).

PDU Header. Thisfield shall contain data common to al DIS PDUs.
Entity ID. This field shall identify the entity that is controlling the radio
transmission. The source entity may either represent the radio itself or
represent an entity (such as a vehicle) that contains the radio.

Radio ID. This field shall identify a particular radio within a given entity.
Radio IDs shall be assigned sequentialy to the radios within an entity,
starting with Radio ID 1. The combination of Entity ID and Radio 1D
uniquely identifies aradio within a simulation exercise.

Receiver Sate. This field shall indicate the state of the receiver, which
shall either beidle or active.

Received Power. This field shall indicate the radio frequency power
received, after applying any propagation loss and antenna gain.
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3.

Transmitter Entity ID. This field shall identify the entity that is the source
of the transmission that is currently being received.

Transmitter Radio ID. This field shall identify the particular radio within
the entity cited in Transmitter Entity ID that is the source of the radio
transmission.

Signal PDU

The signal PDU contains the information being sent between transmitter and

receiver. These packets contain the actual voice, video, or data emissions being sent by

the transmitter. This section describes the parameters contained within the signal PDU

(IEEE, 1995).

PDU Header. Thisfield shall contain data common to all DIS PDUs.
Entity ID. This field shall identify the entity that is the source of the radio
transmission. The source entity may either represent the radio itself or
represent an entity (such as a vehicle) that contains the radio.

Radio ID. Thisfield shall identify a particular radio within a given entity.
The Entity ID, Radio ID pair associates each Signal PDU with the
preceding Transmitter FDU that contains the same Entity 1D, Radio 1D
pair. The combination of Entity ID and Radio ID uniquely identifies a
particular radio within a ssimulation exercise.

Encoding Scheme. This field shall specify the encoding used in the Data
field of this PDU.

TDL Type. This field shall specify the TDL Type as a 16-bit enumeration
field when the encoding class is the raw binary, audio, application
specific, or database index representation of a TDL message. When the
Data field is not representing a TDL Message, this field shall be set to
zero.

Sample Rate. This field shall specify either the sample rate in samples per
second if the encoding class is encoded audio or, the data rate in bits per
second for data transmissions. If the encoding class is database index, this
field shall be zero.

Data Length. This field shall specify the number of bits of digital voice
audio or digital databeing sent in this Signal PDU.

Samples. This field shall specify the number of samplesin this PDU.

Data. This field shall specify the audio or digital data conveyed by the
radio transmission. The interpretation of the Data field depends on the
value of the encoding scheme and TDL Type fields.



D. PDU VISUALIZATION

The section will discuss the use of the PDU parameters to generate 3D
visualizations of communication entities. The Radio Entity Type contained within both
the transmitter and receiver PDUs will not be visibly displayed, but will be used for
calculations relating to the coverage areas, frequency, power, and signal propagation

distances.

Transmitter frequency is a key parameter within the Transmitter PDUs. Different
colors or texture patterns denote different frequency emissions. This allows an operator
to easily identify frequency conflicts or problems that could impair necessary information
passing. The transmitter power parameter coupled with the Radio Entity Type enables
scaling of the antenna patters such as transmitter domes or transmission propagation

distances to reflect realistic values.

The Antenna Pattern Type contains three enumerated fields and describes the type
of coverage an emitter will generate. Thethreeareommi di recti onal, beam and
spheri cal - har noni c. The beam pattern is further broken down to give more
information about the directional beam. These subcategories include the beam direction,
azimuth beamwidth, and elevation beamwidth. The azimuth and elevation beamwidth
specify the =3 dB (half-power) power-density point in the X-Y plane and X-Z plane,

respectively.

The Transmit State parameter enumeratesthe status of the transmitter: of f, on

but not transmitting,oron and transmtting. Theantennaisshown

without additional information to indicate an off state. Thisfield is visualized with
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visible domes when the transmitter ison. A lightning-bolt pattern indicates when aradio

istransmitting and will show the packet path to an acknowledged receiver.

Once areceiver determinesit can successfully receive PDUs from the
broadcasting transmitter, the receiver renders a line from itself to the transmitter. This
allows users to easily see the network connectivity between transmitting and receiving
entities. Note that only receivers render connecting lines, in order to provide a scalable

and nonrepetitive way of displaying connectivity information.

The Receiver Sate parameter is similar to that of the Transmitter State parameter
in the Transmitter PDU. The Receiver State enumeration can take the following values:
of f, on but not receiving,oron and receiving. Therepresentations
aresimilar. A receiver intheof f state is shown as a stand-alone antenna. The receiver
thatison, but not recei vi ng sgnaswill have asmall dome shown over it.
While it is receiving asignal, the dome is increased in size to indicate receipt of a
parameter of interest. If the received signal is above the minimum signal strength, a
connection is shown between the receiver and the transmitter. In this way, the viewer can
then determine whether asignal is being received, but is not strong enough to close the

link or isit is not being received at al.

E. DISJAVA-VRML

DIS-Java-VRML is an open source software toolkit and library of applications
that enables VRML / X3D scenes to be DIS compliant through the use of Java
networking code (Brutzman, 2001). DIS-Java-VRML is designed to provide DIS

connectivity using the functionality of the Java programming language in standalone
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mode or compatibly with the 3D modeling and visualization of VRML. It provides a
scene devel oper with a set of libraries and examples with which they can develop
networked 3D virtual worlds. The goa of the DIS-Java-VRML working group’s goal
was not to invent a new protocol design, but instead to develop Java class libraries and an
architecture for exchanging DIS packets over a Local- Area Network (LAN) or the

Internet.

The combination of VRML script nodes and the Java classes passing information
through the event in and event out fields allows information to be updated in a VRML
scene graph.  Such network connectivity between 3D virtual worlds makesthis
environment useful as a collaborative planning system. Multiple users can now design
scenes and interact within aworld even though they may be geographically separated.
The toolkit also facilitates the development of a 3D virtual battlespace containing many

entities controlled at different locations.

DIS, Java, and VRML can provide all of the pertinent capabilities needed
to implement large-scale virtua environments (LSVES). DIS s essentially
a behavior protocol tuned for physics-based (i.e. “rea world”) many-to-
many interactions. Java is the programming language used to implement
the DIS protocol, perform math calculations, communicate with the
network and communicate with the VRML scene. VRML 3D graphics are
used to model and render both local and remote entities in shared virtual
worlds. (Brutzman, 2000 website)

Examples are examined further in the following chapters. DIS-Java-VRML
devel opment software and models are available at

(http://www.web3d.org.WorkingGroups/vrtp/dis-java-viml).
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F CHAPTER SUMMARY

The visualization of communication signalsis addressed in atwo level approach.
First, the available information must be examined for relevance and suitability for
visualization Second, an overview of the communication space and tactical battlefield is
needed to ensure accurate and effective representation. This two-phase approach will

help ensure maximum usability for planners and operators.
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VI. OPERATIONSAND COMMUNICATIONSPLANNING

A. INTRODUCTION

Operational planning is accomplished throughout the military chain of command.
It is directed by the National Command Authorities and accomplished by the Combatant
Commanders and their subordinate levels of command. Operational planning takes place
at strategic, operational, and tactical levels of war. This planning has a cascading effect
in which the generated operation plan becomes the basis for subordinate planning and the
generation of next level of orders. This chapter will provide an overview of military

operations planning and orders, focusing on communication annexes.

B. OPERATIONS PLANNING

Military planning is accomplished at all echelons of command and across the full
range of operationsin which the military isinvolved. Military planning typically falls
into one of two categories. Thefirst is force planning, which is mostly handled by the
individual services that are charged with the training, equipping, and providing force to
the Combatant Commanders. The second is operations planning, summarized in this
section. Operations planning is directed toward the employment of military forces within
the context of a military strategy to attain specified objectives for possible contingencies
(Joint Pub 5-0, 1995). Operations planning is used to created operation plans
(OPLANS) and operation orders (OPORDs) for all levels of wartime and peacetime

operations.
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1 Strategic Level

Operationa planning at the strategic level of war consists of trandating the
country’s broad national security objects into strategic military objectives. This planning
is accomplished between the NCA, Combatant Commanders, and the Joint Chiefs of
Staff. The plans are realized as theater-level strategies employed by each of the regiona
Commanders In Chief.

2. Operational Level

Operation planning at the operational level links the tactical employment of forces
to strategic objectives (Joint Pub 5-0, 1995). The objective of operational-level planning
isto attain specific goals through campaigns or operations. This planning seeks to
determine when, where, and how major force employment will take place.

3. Tactical Level

Tactical operation planning is the employment and maneuver of military units
againgt the enemy. Tactical plans bring maximum combat force to bear against enemy
units. Thislevel of planning is concerned with engagements and battles. The signal

planner is primarily concerned about the tactical employment of forces at this level.

C. OPERATION ORDER (OPORD)

An Operation order (OPORDs) is a specifically formatted message that outlines
actions subordinate units are to take. It isdirective in nature. The header of the message
contains transmission information showing the sender and al recipients of the message.
The next section contains the task information and all of the forces that are required for
execution. The beginning text contains information about the message such as when it

was sent, the classification, and other administrative details.
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The next section contains information about the overall situation, as it is currently
assessed. It contains information about both friendly and enemy forces. Next, the full
mission statement for the operation is given. The next section consists of the execution
information. This section gives the overall concept of operations so all tasked units can
understand their role in the bigger operation. The execution information also outlines the
task assignments and gives the coordinating instructions. The last section contains
administrative and logistics information. This section also contains the information about
the command, control, and communications (C3) procedures and systemsto be used. If a
large operation is being planned, C3 information is contained in an OPORD annex

containing appropriate references to the main OPORD.

The OPORD structure is part of the United States Message Text Format
(USMTF) (DISA, 2001). The Defense Information Systems Agency (DISA) maintains
this text only message-formatting standard. The USMTF was designed to enhance joint
and coalition warfighting effectiveness through the standardization of message formats,
data elements, and information exchange procedures (Chairman Joint Chiefs of Staff

Instruction 6241.01, 1996). USMTF has been in use within the DoD for many years.

Recently, there has been interest in migrating from a text-only solution to an
Extensible Markup Language (XML)-based solution. This initiative is known as the
Extensible Markup Language Message Text Format (XML-MTF). The XML-MTF has
four significant benefits over USMTF. First, USMTF is a 30- year-old technology that
exists as a government standard thus limiting software acquisition and upgrade choices.
Second, the USMTF is tied to the 1960s-era Teletypeprinter, which limits the way data
can be presented in messages. Third, the USMTF is only able to send the information
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that is part of the actual message. It does not allow metadata (information about the
information) to be transmitted. Lastly, XML will provide a significant improvement in
the way in which messages can be syntactically checked and then used for higher-level
information exchange. This facilitates computer-to-computer data processing and
advanced autogeneration of visualizations as shown in the thesis “ Automatically
Generating A Distributed 3D Battlespace Using USMTF and XML-MTF Air Tasking
Order, Extensible Markup Language (XML) and Virtual Reality Modeling Language
(VRML)” (Murray-Quigley, 2000). XML-MTF work is ongoing (XML-MTF

Development Team, 2001).

D. RADIO COMMUNICATION PLANNING

Communication planning is one part of the larger Command, Control,
Communication, and Computer (C4) planning that asignal planner must complete.
Similar to operation planning, it also exists across all echelons of the military. C4
planning consists of information assurance, satellite communication, frequency spectrum,
and command and control planning. This section focuses on the tactical communication

planning dealing with radio communications.

Communication planning is completed in conjunction with the operation planning
ensuring support to the overall operation. Communication planning begins once a signal
planner receivesinitia guidance on the supported units' operation plan and preliminary
request for communications support. Signal planners use a variety of toolsto create a

communication plan.
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Signal planners utilize planning tools like Mobile Subscriber Equipment —

Network Planning Terminal (MSE-NPT) and System Planning, Engineering and

Evaluation Device (SPEED) to develop tactical radio link plans. These tools use Digital

Terrain Elevation Data (DTED) to determine suitable locations for antennas. They also

calculate coverage areas for mobile systems.

Figure 5.1 shows the SPEED Radio Coverage Analysis Tool. This tool usesthe

underlying topographic information to show predicted coverage area for the center radio.

As depicted, the other two radios should be able to communicate with the center radio.

SPEED contains most of the common military radios so that a user can quickly input a

scenario and obtain appropriate results. The inset picture in the upper left hand corner of

Figure 5.1 shows the surrounding area of the main scene for context.
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Figure5.1 SPEED Radio Coverage Analysis Tool showing Center Radio Coverage

The Radio Coverage Tool can also compute common LOS areas for multiple
radios. Figure 5.2 shows the common coverage area for the three radios. Additional

radios could be added to the green region and communicate with all of the other radios.

Figure5.2 SPEED Radio Coverage Tool Displaying Common Line of Sight
Coverage Area for dl Three Radios

Plans outputted using MSE-NPT can be used as input to create 3D scenarios as
shown in “3D Visualization of Theater-Level Radio Communications Using a Networked

Virtual Environment” (Laflam, 2000). SPEED 7.0 does not provide the capability of



generating output files. SPEED 8.0 will be released in summer 2001. Once released, it

should be evaluated for the possibility of linking it with a 3D rendering software package.

E. ANNEX K - COMMAND, CONTROL, COMMUNICATION, AND
COMPUTER (C4) SYSTEM S

The Annex K or Command, Control, Communication, and Computer (C4) System
Annex contains communication section of an OPORD. This allows the document to be
created and transmitted independently from the rest of the OPORD document. The
format for the body of the Annex K follows the same format as the ORORD. It gives an
overview of the situation and assigns tasks to subordinate units. There may be additional
appendixes containing information about the information assurance plan, overall C4 plan,
satellite communi cations plan, defense courier service information, and the frequency
spectrum plan. 1n a multi- national operation, an appendix with foreign data exchange

requirements may also be included.

F. CHAPTER SUMMARY

Military operations are complex events with many participants. Military
operation planning must be completed correctly to synchronize actions of everyone
involved. Operation planning exists on a continuum across al levels of war from
strategic to operational to tactical. It also exists within each echelon of command. The
OPORD provides each unit its assigned role and mission within the overall operation.
The signal planner is concerned with the mission and specifically the C3 requirements

outlined in the OPORD.
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VII. MODELING COMMUNICATIONSPLANNING AND
OPERATIONSUSING THE NATO LAND C2 INFORMATION
EXCHANCE DATA MODEL (LC2IEDM)

A. INTRODUCTION

Future warfare will increasingly rely on ad hoc coalition environments with
disparate communication and information technology systems. These systems must be
able to interoperate and exchange data. All Coalition partners must agree upon standards
prior to the start of operations. NATO is currently evaluating the Land C2 Information
Exchange Model (LC2IEDM), as part of a bigger Generic Hub (GH) data model, for data
exchange suitability. The US Navy’s Naval Undersea Warfare Command (NUWC) and
the Ingtitute for Defense Analysis (IDA) are extending this primarily land-focused model
to incorporate Naval representations. This chapter briefly introduces the data model and

evaluates its suitability for representing communications planning and operations.

B. DATA INTERCHANGE

As the Department of Defense (DoD) progresses along the knowledge pyramid
from data to knowledge it is trying to attain increasingly higher levels of understanding.
This understanding is facilitated by interconnected systems. These systems need
structured formats for passing information. This structured methodology allows systems
to pass specific information and rely on the other system to represent it correctly. A
command and control example is an Air Force system passing a structured message

‘Squadron of F-16s at the air base’ and having an Army system represent it correctly.
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Systems use data models to provide such format and message structure. By
outlining a format and structure, the data model provides the basis for these systems to be
able to pass data the other system can understand. This information exchange model
does not specify the way data must be represented or stored on a specific system. It only
specifies what and how information must be exchanged between different systems. This
significantly reduces the number of things that must be specified and gives system

implementers freedom to extend the specifications to meet their needs.

The NATO C3 Technical Architecture (NC3TA) Interoperability Reference

Model describes four levels for classifying a system’ s interoperability. They are:

Degree 1. Unstructured Data Exchange. Involves the exchange of
humantinterpretable unstructured data such as the free text found in
operational estimates, analysis and papers.

Degree 2: Structured Data Exchange. Involves the exchange of human
interpretable structured data intended for manual and/or automated
handling, but requires manual compilation, receipt and/or message
dispatch.

Degree 3: Seamless Sharing of Data. Involves the automated sharing of
data amongst systems based on a common exchange mode!.

Degree 4: Seamless Sharing of I nformation. An extension of degree 3 to
the universal interpretation of information through data processing based
on co-operating applications (NC3TA, 2000).

The proposed NATO Generic Hub Data Model is a proposal to create a Degree 3
specification for seamless sharing of data. By adhering to the mode, it will also facilitate

users creating systems that can seamlessly share information.
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C. GENERIC HUB

NATO' s automated information exchange plan requires a structured
representation of information that needs to be exchanged. This representation must be
specific enough to be meaningful, but also flexible enough so that it can change over time
to represent new information needs. The model should serve as a hub for countries
seeking to base new information systems on it. The NATO Generic Hub data model was

designed to meet these needs.

The primary goal of the Generic Hub model is an information exchange data
model. The model will provide the basis for structured information exchange not
currently available with messaging systems. As aminimum, the NATO nations wish to
have the GH Data Model preserve the meaning and relationships of the information
exchanged and thereby attain the interoperability associated with NATO Level 4 of
System Interconnection (automated exchange of data, with user-imposed constraints,

between C2I'S databases) (NATO, 2000).

The Generic Hub Data Model uses land combat operations as the generic
battlespace hub for model. Functional areas of the battlespace can be viewed as spokes
originating in the hub and extending outward as shown in Figure 6.1. The functional
areas include Fire Support, Air Support, Administration, Communications and
Electronics, Intelligence/Electronic Warfare, etc. There are some common
representations between the functional areas and the generic battlespace hub. This

ensures data consistency across the model.
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Air Support

Combat Service

Support & Logistics Administration

(Personnel)

Land Combat

Operations ‘

Air Defense &
Airspace Control

Communications
and Electronics

Engineer
Operations

Fire Support

Intelligence/Electronic Warfare
(IEW)

Figure 6.1 Generic Hub and Its Relationship to Subfunctional Areas, From (NATO,
2000)

D. LAND C2 INFORMATION EXCHANGE DATA MODEL (LC2IEDM)

The Land C2 Information Exchange Data Model (LC2IEDM) is the base of the
generic hub. The structure is meant to be generic and include all land, sea, and air
operations although it currently focuses primarily on the land portion. It seeks to define
the information that is relevant to the generic battlespace and also the information that
has meaning within several of the functional areas. The model describes objects of
interest including forces, personnel, weather, terrain features, and organizations. The
data model aso includes information about the relationship between objects. An
individual airman who belongs to the 51% Fighter Wing at Osan AB, Koreais an example

of specific information that can be represented.

The data model has five key independent entities. They include OBJECT-ITEM,
OBJECT-TYPE, CAPABILITY, LOCATION, and ACTION. OBJECT-ITEM entity is

an individual object that has some significance. An example is a specific person such as
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acommander. The OBJECT-TY PE entity is aclass of objects with significance. This
could be atype of facility such as an airfield or atype of person such as a specific rank or
position. The CAPABILITY entity provides the ability to perform amission or function.
LOCATION entity is a position within a specific frame of reference. ACTION entity is
an activity or how that activity may take place. Thiswould include operationa plans and

logistic requests and activities.

The five secondary entities include CANDIDATE- TARGET-LIST, CONTEXT,
REFERENCE, REPORTING-DATA, and RULE-OF-ENGAGEMENT. The use of these
10 independent entities and the relationships between them allow for the full specification

of a battlespace situation that can be transmitted between systems to convey information.

E. THE COMMUNICATIONSELECTRONICS EXTENSION FOR
MODELING COMMUNICATION PLANNING AND OPERATIONS

The Communications-Electronics (CE) extension describes all facets of
communication and information areas in the battlespace including design, development,
installation, operation, and maintenance of systems dealing with collecting, transmitting,
processing, and displaying of data and information. The scope of the CE extension is
limited to the communications architecture at alogical level. It deals with the subscribers
and the networks they use. Current development does not deal with the physical
architecture, commercial, or strategic communication systems. For example further work
is needed to fully represent the richness of detail typically contained in alarger operation

order Annex K.
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The primary focus of the CE extension is on the logical architecture of tactical
communication networks. The logical architecture view must address the following:
network characteristics, subscribers, and the characteristics of the connection. Network
characteristics include the kind of service provided (voice, data, facsimile), the intended

use of the network (C2, fire-support), and the network control elements.

The CE extension adds several entities for specifications of communications and
electronic systems. These entities include LOGICAL-NETWORK, LOGICAL-
NETWORK-SERVICE, and LOGICAL-NODE. Both LOGICAL-NETWORK and
LOGICAL-NODE are subtypes of CONTROL-FEATURE as shown in Figure 6.2. The
fields of each entity are listed within the node representation. This representation is very

similar to standard database representation.

COMTROL-FEATURE
| control-feature-id (FIK) |

| control-feature-category-code |

E %ccnntrcnl-feature-categary-cade

LOGICAL-NODE
| Ingical-node-id (FIK) |

| logical-node-participating-code |

LOGICAL-METWORLK

[ logical-netwark-id (FI)
logical-network-categary-code
logical-network-minimum-capacity-quantity
lagical-network-security-classification-code

provides! is-provided-by

LOGICAL-NETWORK-SERYICE
logical-network-id (FK)
logical-network-service-index

| logical-network-service-categaory-code |

Figure 6.2 Communication Electronics Entities, From (NATO, 2000)
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F. COMMUNICATIONS-ELECTRONICS EXTENSION EXAMPLES

This section will examine two examples utilizing the CE extension. Both
examples illustrate how logical networks can be represented using the GH model. The
first network is a two-node network and the second is a four-node network. The

graphical representation of the examplesis shown in Figure 6.3.

organlsalomd041
| organisaion-id 085

f LoD

‘qm

organisation-id 012 organlsatlomd 012 i

Figure 6.3 Two Examples of Logical Networks, After (NATO, 2000)

1 Two-Node Network (Example A)

The first example contains two organizational subscribers connected by asingle
bi-directional link. The relevant information from the example is contained in Table 6.1.
The network is modeled using two LOGICAL-NODES and participating-codes set for
transmit/receive. Next are the participating organizations identified by organization-id
and the control-feature-id corresponding to their node-id. The LOGICAL-NETWORK
describes the network connection between the subscribers. In the example, the network
capacity is 28800 baud at the NATO SECRET level. The final section is used to

associate the LOGICAL-NODE and LOGICAL-NETWORK.
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(a) LOGICAL-NODE

logical-node-id

logical-node-participating-code

0101

Transmitting/receiving

0307

Transmitting/receiving

(b) ORGANISATION-CONTROL-FEATURE -ASSOCIATION

**_subject-organisation-id

**_object-control-feature-id

**.index || **-category-code

012

0307

1 Is user of

041

0101

1 Is user of

Note: *** = organisation-control-feature-association

(c) LOGICAL-NETWORK

=id

**_category-code

*_minimum-capacity-quantity

**_security-classification-code

0909

Sole user network

28,800

NATO SECRET

Note: *** = |ogical-network

(d) CONTROL-FEATURE-CONTROL-FEATURE-ASSOCIATION

**.subject-control-feature-id

**_object-control-feature-id

**.index **_category-code

0307

0909

1 Is part of

0101

0909

1 Is part of

Note: *** = control-feature-control- feature-associ ation

Table6.1

2.

The second example, Figure 6.3, builds on Example A by adding an organization

Two Node Network Example Expressed using Globa Hub Notation, From

(NATO, 2000)

Four-Node Network (Example B)

that is areceive-only subscriber of the network. An addition link is added that is

modeled as a separate LOGICAL-NETWORK. The two links are then also modeled as a

LOGICAL-NETWORK. The datafor the example is contained in Table 6.2.

74




(a) LOGICAL-NODESs

logical-node-id logical-node-participating-code
0101 Transmitting/receiving
0307 Transmitting/receiving
0427 Transmitting
0517 Receiving

(b) ORGANISATION-CONTROL-FEATURE -ASSOCIATION

**_subject- **_object-control- ok **_category-
organisation-id feature-id index code
012 0307 1 Is user of
012 0427 1 Is user of
041 0101 1 Is user of
085 0517 1 Is user of

Note: *** denotes “organisation-control-feature-association”.

(c) LOGICAL-NETWORK

***-category-code *-minimum-capacity-quantity | **-security-classification-code
xid
0909 Sole user network 28,800 NATO SECRET
0744 Sole user network 14.400 NATO SECRET
0444 Compound network 14.400 —

Note: *** = |ogical-network

(d) CONTROL-FEATURE-CONTROL-FEATURE -ASSOCIATION

**.subject-control- **_object-control- ok **.category-
feature-id feature-id index code
0307 0909 1 Is part of
0101 0909 1 Is part of
0307 0744 1 Is part of
0507 0744 1 Is part of
0909 0444 1 Is part of
0744 0444 1 Is part of

Note: *** denotes “control-feature-control-feature-association”.

Table 6.2 Four Node Network Example Expressed using Global Hub Notation, From
(NATO, 2000)

The first connection in this example, between ORGANIZATIONswith
organization-ids 012 and 041 is modeled as it was in Example A. Thereis a second

logical node assigned to the ORGANIZATION with organization-id 012 because it has
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two connections with different characteristics. The new LOGICAL-NETWORK is
specified similarly as the one in Example A while the compound network is specified as

an association of the two point-to-point LOGICAL-NETWORKS.

G. CHAPTER SUMMARY

The proposed NATO Generic Hub and LC2IEDM increase the effective and
efficiency of disparate systems that need to exchange data. The GH data model supports
higher-level information interchange by standardizing the way the information is
exchanged. Thisformat is robust and flexible enough to allow a full range of battlespace

representations to be created.

The Communications-Electronics extension to LC2IEDM represents
communication and information processes and systems. It primarily focuses on the
logical network representation of tactical networks. Modifications to provide strategic
and commercial network representations are being considered. This will significantly

extend the usefulness of the model.

76



VIIl. DEMONSTRATION OF SMULATION RESULTS

A. INTRODUCTION

This chapter describes and presents antenna prototypes and example scenes
designed for tactical signal visualization. The goa for these representationsis to provide
intuitively obvious visualizations. Antennaand signal model prototypes are presented
first. The prototypes are then incorporated into scenarios showing probabl e tactical

employment. Finally, this chapter discusses the potential uses for this system.

B. DEMONSTRATION OF VISUALIZATION TECHNIQUES

This section outlines the different visualization models created for this thesis.
The primitives shown are graphics-pal ette capabilities such as. color, transparency, and
shapes. These are the building blocks for the system prototypes. The prototypes provide
the user with a customizable object that can be used in different ways without having to
alter the underlying mode.

1 Signal Primitives

This section displays the signal primitives used to create the visualization models.
Figure 8.1 displays the beam prototypes used in point-to-point communication
applications. The cones on the left are useful to display the spreading of the beam pattern
as the distance between transmitter and receiver increases. The spreading also presents a
challenge because it can take up much of the scene at the receiving end obscuring other
features and this can also be very narrow ard “difficult to see” at the transmitter. These
usability constraints led to the development of the cylindrical displays on the right side of

Figure 8.1. The cylinders are effective for point-to-point links because they provide a
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constant diameter for all distances. Figure 8.1 displays both the solid and wire frame

views that a designer could use.

Cimll

Figure 8.1 Beam Cone and Beam Cylinder Signal Prototypes Shown as Solid and
Wire Frame Objects

Coverage domes (or half-domes) are an effective way to present area coverage
systems that communi cate with multiple senders or receivers. Two domes are shown in
Figure 8.2. The frequency of aradio’s transmitter or receiver is shown using the color of
the coverage dome. The coverage domes contain a prototype that generates a color for
the dome based on the declared frequency. Thiswill help prevent frequency interference
and show all users communicating on a given frequency. Future work needs to compare
and contrast usage paradigms for the assignment of graphics rendering parameters to

communications parameters.
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Figure 8.2 Two Area-Coverage Domes

2. System Visualization

This section presents the system visualizations designed for demonstrating both
SHF and UHF communications. Figure 8.3 shows a pair of Tropo Satellite Support

Radios (TSSRs) with an established link.

79



Figure 8.3 Two Tropo Satellite Support Radios (TSSR) with an Established Direct-
Path Link

The next SHF system is a TRC-170 operating in troposcatter mode by bouncing

their signals off the troposphere. Figure 8.4 shows an aerial view of two TRC-170s

connected using conic beams.
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Figure 8.4 High Above Two TRC-170s Operating in Troposcatter Mode

The omni-directional visualizations, typically VHF or UHF systems, use domes to
indicate both the receivers and transmitters within a scene. They are not differentiated
except when the transmitter is transmitting. The domes are not intended to represent
coverage area for the system. Some of the systems have coverage areas of 20 miles line-
of-sight. The domes quickly grew too large to represent more than afew radios. Thisis

an areawhere 2D visualization is superior to 3D representation.

Figure 8.5 shows 6 radio domes using 3 different frequencies. Each color
represents afrequency. The two domes with the red lightning bolts indicate they are
transmitters. The other four are receivers. The two yellow domes are larger than the

other four indicating those radios are in the process of communicating.
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Figure 8.5 Omni Directiona Receivers and Transmitters with the Two Larger Domes
Indicating Active Communication

Satellite system visualizations are difficult because of the enormous coverage
areas and distances between the satellite and ground stations. It is useful to depict ground
receivers and convey connectivity information to users. It isnot possible to intelligibly
view the operating area from a satellite in geosynchronous orbit because of the great
distance involved. Figure 8.6 shows a satellite ground station with a conical beam

emanating from it.
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Figure 8.6 Satellite Ground Station With Transmitting Cone Shown From Above

3. Scenario Visualization

This section detail s possible communications requirements for an amphibious raid
and forward movement from the beachhead. Thiswork is part of alarger project
sponsored by the Defense Modeling and Simulation Office (DM SO) and the U.S. Marine
Corps called Scenario Authoring and Visualization using Advanced Graphical
Environments (SAVAGE). The SAVAGE team is developing a 3D visualization of a
Marine Corps amphibious assault using VRML and X3D and a scenario-authoring tool

for control of the visualization.

The amphibious assault is launched from a Landing Platform-Docking (LPD).
The raid force is embarked on three Advanced Amphibious Assault Vehicles (AAAVS).

Figure 8.7 shows the three AAAV s with VHF radios represented by the omni-directional
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domes. The command vehicle (center) has two radios represented by the two domes.
The yellow dome represents a transmitter set to the same frequency as the other two
AAAVs. Those radios are in standby mode indicated by the smaller domes. The blue
dome on the command vehicle isareceiver. It islarger than the other domes indicating it

is receiving from the LPD in the background of the scene. The cone extending from the

LPD indicates a satellite connection.

Bk Edi "Mew Go  Communcsor Help
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Figure 8.7 3 Advanced Amphibious Assault Vehicles Shown Communicating After
Launching from the Landing Platform-Docking

Figure 8.8 shows an overview of the beach communications. It includestwo
TRC-170 pairs operating in troposcatter mode. It includes a satellite link and two short

TSSR point-to-point links. This scenario displays the possible system representations
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that may be used by tactical units. It is not meant to represent the actual tactical doctrine

for communications after an amphibious raid.
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Figure 8.8 Follow-on Communication using Troposcatter Satellite Support Radios
and TRC-170 in Troposcatter Mode

C. USE OF VISUALIZATION IN COMMUNICATION PLANNING AND
OPERATIONS

Both signal planners and operators will benefit from better understanding of
communication capabilities. Signal planners are better able to support operators through
problem recognition and correction. This includes frequency deconfliction, recognition
of degraded signal areas, and optimum antenna placement based on terrain. The
operators can better understand the effects that maneuver operations may have on their
communications. They can also see coverage areas that in turn influence operating

decisions and choice of operating aress.
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D. CHAPTER SUMMARY

Signal planners and operators will benefit from the increased understanding of the
tactical situation through the use of 3D visualizations. The visualizations shown in this
chapter demonstrate what can be done using DIS-Java-VRML open-source toolkit. Both
the 3D communications building blocks and scenarios created for this seek to

demonstrate what can be developed and the utility of this development.
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IX. CONCLUSIONSAND RECOMMENDATIONS

A. INTRODUCTION
This chapter outlines the conclusions drawn from the communication
visualization work completed for this thesis. The future work necessary to enhance these

exemplar scenes are and work are also addressed.

B. THESISCONCLUSIONS
1. 3D Tactical Visualization Of Communications

The tactical scenes and scenarios developed for this thesis demonstrate that it is
possible to create 3D visualizations of communications signals and systems. The goal for
these visuaizations was to be inherently obvious to the viewer. These visualizations do
convey useful information that is not currently available in the 2D planning systems used
throughout the DoD. These visualizations, however, are not inherently obvious. Both
signal planners and operators who must understand communication coverage areas and
connectivity between forces can use these tactical visualizations to gain a better

understanding of the battlefield.

Using actual terrain representations can alow users to determine interference or
possible signal degradation visually facilitating problem discovery. It is still difficult to
visualize communication systems connected over long distances (greater than 10 miles).
To view the entirety of such visualizations, the viewpoint must be a long distance from

the system.

87



2. Open-Sour ce Softwar e Toolkits

The open source toolkit consisting of VRML and X3D graphics, IEEE DIS, and
the Java language provides a thorough framework that can be utilized to develop 3D
communication visualizations in a relatively short amount of time (less than 1 year).
These visualizations can be displayed using commercial web technology on commaodity
PCs widely available throughout the DoD. The software toolkit also enables
collaborative planning at different locations through network connectivity.

3. Operation Orders Using The Global Hub Data M odel

The Global Hub data model is currently proposed for the interchange of data
between NATO systems. It provides a robust capability for many operational scenarios
by providing the ability to define equipment and objects and relationships. It represents
logica networks defined by who is connected to whom. It does not however have the
fidelity to fully represent al of the communication information contained within an

operation order annex K.

C. RECOMMENDED FUTURE WORK
1. Physics-Based Signal Propagation

The current signal visualizations are done independent of any signal propagation
models. The use of the DIS transmitter, receiver and signal PDU parameters and terrain
data can be used to compute signal strength and degradation areas. This can provide
signal planners increased understanding and make planning easier.

2. Dynamic 3D Terrain Visualization

The current communication system models could be used in any virtual

environment. Currently, there are only afew battlefield scenarios containing actual
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terrain data. While Digital Terrain Elevation Data is available for nearly the entire world,
the ability to auto- generate 3D representations does not exist. The ability to auto-
generate 3D terrain given a set of coordinates would facilitate battlefield environment
creation for any operating location in the world.

3. Autogeneration of 3D from an Operation Order Annex K

Current signal planning is accomplished manually using some of the 2D systems
discussed in thisthesis. It will be extremely useful for these systems to be able to process
operation order information dealing with communications and produce 3D
representations of the tactical battlespace. This ability has been shown using an XML
Air Tasking Order (ATO) and should be applied to communications planning. This
would require the adoption an extensible operation order for communication like XML-
MTF or the Global Hub data model and the 3D models for the visualization.

4, Virtual Reality Toolbox

MATLAB by MathWorks, Inc. (www.mathworks.com) recently incorporated

support for VRML with the addition of the Virtual Reality Toolbox by Humusoft, Inc

(www.humusoft.com). Matlab contains signal representation capabilities and supports

equation development. These capabilities and the addition of the VRML toolkit should
be investigated for future use in 3D signal representations.

5. MathML

The possible integration of MathML as a scripting language and presentation
format for 3D equations may hold great promise for extending the functionality of
VRML / X3D. MahML could be used to store propagation equations and signal and

path loss equations. MathML should be investigated because it stores equationsin a
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language-neutral way. Such language neutrality can facilitate the storing of equations for

future compatibility with numerous computational systems.
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2D

3D
AAAV
APl
ATO
BPS
C3

C4

CAD

CE
CECOM
DARPA
DIS
DISA
DMSO
DTD
DTED
EHF

FM

GH

GHz
HTML
IDA
|EEE
1SO

JRE
LC2IEDM
LEO
LOD
LPD
LSVE
MCTSSA
MGRS
MHz
MSE-NPT

NATO
NC3TA
NCW
NIMA
NUWC
OPORD

APPENDIX A. ABBREVIATIONS

Two-Dimensional

Three-Dimensional

Advanced Amphibious Assault Vehicles
Application Program Interface

Air Tasking Order

bits per second

Command, Control, and Communication
Command, Control, Communications, and
Computer

Computer-Aided Design
Communications-Electronics

US Army Communications Electronics Command
Defense Advanced Research Projects Agency
Distribute Interactive Simulation

Defense Information Systems Agency
Defense Modeling and Simulation Office
Document Type Definition

Digital Terrain Elevation Data

Extremely High Frequency

Freguency Modulated

Generic Hub

Gigahertz

Hypertext Markup Language

Institute for Defense Analysis

Institute of Electrical and Electronic Engineers
International Standards Organization

Java Runtime Environment

Land C2 Information Exchange Data M odel
Low Earth Orbiting

Level of Detail

Landing Platform-Docking

Large Scale Virtua Environments

Marine Corps Tactical Systems Support Activity
Military Grid Reference System

megahertz

Mobile Subscribe Equipment- Network Planning
Tool

North Atlantic Treaty Organization

NATO C3 Technical Architecture

Network Centric Warfare

National Imaging and Mapping Agency
Naval Undersea Warfare Command
Operations Order
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PC

PDU
PLRS
RCP

RF

RGB
SAVAGE

SEDRIS

SGML
SHF
SIMNET
SPEED

SRI
STK
TSSR
UHF
usmc
USMTF
VHF
VLF
VRML
Wa3C
WWW
X3D
XML
XML-MTF
XSL

Personal Computer

Protocol Data Units

Position Locating and Reporting System
Radio Communication Protocol

Radio Frequency

Red Green Blue

Scenario Authoring and Visualization using
Advanced Graphical Environments
Synthetic Environment Data Representation and
Interchange Specification

Standard Generalized Markup Language
Super High Frequency

Simulator-Network

System Planning, Engineering and Evaluation
Device

Stanford Research Institute

Satellite Tool Kit

Tropo Satellite Support Radio

Ultra High Frequency

United States Marine Corps

United States Message Text Format

Very High Frequency

Very Low Frequency

Virtua Reality Modeling Language

World Wide Web Consortium

World Wide Web

Extensible 3D

Extensible Markup Language

Extensible Markup Language Message Text Format

Extensible Stylesheet Language
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APPENDIX B. SOFTWARE AVAILABILITY AND
INSTALLATION SUMMARY

A. INTRODUCTION

This appendix describes the availability and installation for most of the software
packages used to generate this thesis. Much of the software is included on the CD with
thisthesis. If the CD is unavailable, this section provides instructions for downloading

and installing the software.

B. VIRTUAL REALITY MODELING LANGUAGE (VRML) BROWSER

To view Virtual Reality Modeling Language (VRML) scenes, one must have a
VRM L-capable browser. This section describes the software availability and an
overview of the installation instructions. The current VRML viewer of choiceis Cosmo
Payer running on Netscape Navigator 4.7 because it fully supports Java integration.

1 Netscape Navigator 4.7
If you do not have Netscape Navigator installed on your system, download it from

http://home.netscape.com/download/sd cc32d477en.html and follow the installation

instructions.
2. Cosmo Player
Cosmo Player (version 2.1.1) VRML plug-in is available at

http://www.cai.com/cosmo/. To install Cosmo Player, download the appropriate player

for your system. Follow the directions on the web site. Cosmo Player works best with

Netscape Navigator 4.7.

These two steps will alow you to view VRML 3D files.
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3. Naval Postgraduate School (NPS) Military Models Library

The Naval Postgraduate School Military Models Library is maintained at

http://web.nps.navy.mil/~brutzman/vrml/examples/NpsMilitaryM odel s/toc.html and can

be viewed individually or downloaded as a complete archive. All of the communication
models developed for this thesis are available in the Communications And Sensors
folder.

4. Extensible 3D (X3D) Edit

This section details the steps necessary to view and create Extensible 3D (X3D)
modelsin X3D Edit. X3D Edit was used to create all of the models contained in this
thesis. Step-by-step instructions are available at

http://www.web3D.org/Task Groups/x3d/trans ation/READM E. X 3D-

Edit.html#l nstallation

The Java Runtime Environment (JRE) is necessary for installation of X3D Edit.

The JRE is available from Sun Microsystems at http://java.sun.com/j2se/1.3 . Thisisa

large file and should be downloaded over a high-speed connection if at all possible.

Next, download and install Xeenafrom IBM Alphaworks

http://www.al phaWorks.ibm.com/tech/xeena.. Be sureto install version 1.2EA.

X3D-Edit is available from

http://www.web3D.org/TaskGroups/x3d/trang ation/X3D-Edit.zip It should be unzipped

to the top level of the C\ drive.

Again, full installation instructions are provided at

http://www.web3D.org/ T ask Groups/x3d/translation/README. X 3D-

Edit.html#l nstallation
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5. DIl S-Java-VRML Software Toolkit

The DIS-Java-VRML software toolkit is available at

http://www.web3d.org/WorkingGroups/vrtp/dis-java-vrml/download.html with complete

installation instructions.
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APPENDIX C. SIGNAL PROTOTYPES
A. SIGNAL MODELS
This appendix contains code for the simple signa models that are used throughout this thesis. They include the beam prototypes, which are

available at: http://web.nps.navy.mil/~brutzman/vrml/examples/NpsMilitaryM odel ¥ Communi cati onsA ndSensors/Beam/chapter.html and

the half dome prototypes, which are available at:

http://web.nps.navy.mil/~brutzman/vrml/examples/NpsMilitaryM odel S Communi cationsA ndSensors/Half Dome/chapter.html

This appendix contains the following files of X3D Code:

L6

BeamConePrototype
BeamConeExample
BeamCylinderPrototype
BeamCylinderExample
HafDome
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BEAM CONE PROTOTYPE

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLIC "http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dt d" >

<X3D>
<Header >

<meta nanme='fil ename' content="BeamConePr ot otype.xmn"'/>
<neta nanme='aut hor' content="Don Brutzman'/>
<meta nanme='revi sed'" content="Decenber 7, 2000'/>
<meta name='description' content='Produce wireframe or transparent beam cones.'/>
<meta name='url' content="http://web. nps. navy. m | /~brutzman/vrtp/ deno/ auv/ BeanConePr ot ot ype. xmi
http://ww. web3D. or g/ Wor ki ngG oups/ vrt p/ deno/ auv/ BeantConePr ot ot ype. xmd ' / >
<neta nane='generator' content="X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ READVE. X3D-Edit. htm '/ >

</ Header >

<Scene>
<l -- Produce wireframe or transparent beam cones. Typical uses include propeller/thruster water flow or
i ne-of -sight sonar/radar/light beanms. Negative range values invert base and apex at same rel ative:
| ocation. Default beamw th apex at (0,0,0) and base of radius 1 in x-z plane at (1,0,0). -->

<Pr ot oDecl ar e nanme=' BeanCone' >

<l -- contact: (communications) is transnmitted signal in contact with receiver, or, (sensor) is a
target return detected? -->

<l -- range: distance in neters along x axis -->

<! -- defaul t Range: distance in meters, used until eventln range sent -->

<! -- beanHei ght Degrees: degrees across vertical y axis -->

<! -- beam dt hDegrees: degrees across horizontal z axis -->

<l -- transparency: 1 = fully transparent, wireframe only -->

<l-- eventln, eventQut and field semantics nust be retai ned due to exposedField not being allowed in

VRML 97 scripts (unfortunately) -->

<field name='contact' type='Bool ean' val ue='fal se' |S="DETECTI ON. cont act"'
vrm 97Hi nt =" eventiIn' />

<field name='range' type='Float' value='0" |S=' BEAM CALCULATE. r ange'

vrm 97Hi nt =" eventlIn' />
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<field nane=' def aul t Range' type='Float' value="1" | S=" BEAM CALCULATE. def aul t Range'

vim 97Hi nt="field' />

<field name='w refrane' type='Bool ean' value='true' |S="DETECTI ON. wi refrang'

vim 97Hi nt="field' />

<field name='solid type='"Bool ean' value="true' |S="DETECTION.solid" vrm97Hi nt="field />
<field nane=' beanHei ght Degrees' type='Float' val ue="10'

| S=' BEAM _CALCULATE. beantei ght Degrees' vrm 97Hint="field' />

<field name=' beanW dt hDegr ees' type='Fl oat' val ue=' 10’

| S=' BEAM _CALCULATE. beamW dt hDegrees' vrm 97Hint="field' />

<field nane='contactColor' type='Color' value='.8 .1 .1 |S="WRE_COLOR em ssiveCol or
CONE_COLOR. eni ssi veCol or DETECTI ON. contact Col or' vrm 97H nt="field' />

<field nane=' noCont act Col or' type='Color' value='.3 .5 .5 |S="DETECTI ON. noCont act Col or"
vim 97Hi nt="field />

<field nane='transparency' type='Float' value='0" |S="WRE_COLOR transparency
CONE_COLCR. transparency DETECTION.transparency' vrm 97Hint="field />

<! -- BEAM CONTROL beam scaling is controlled by

r ange/ beanHei ght Degr ees/ beanW dt hDegr ees/ di rection inputs -->

<Transf or m DEF='" BEAM_CONTROL' >

<Swi t ch DEF=' W REFRAME_SW TCH whi chChoi ce=' 0' >

<Wrldinfo info="initial choice is null node (Wrldlnfo), neaning no
w refrane beani />
<Shape>

<Appear ance>

<Material DEF='"W RE_COLCR
di ffuseColor=".1 .1 .1'/>

</ Appear ance>

<| ndexedLi neSet coordlndex="0 13 -1, 1 2 3456 7 8 9 10

11 121 -2, 01 -1, 02-1, 03-1, 04 -1, 05-1, 06 -1, 07
-1, 08-14, 09 -1, 0 10 -1, 0 11 -1, O 12 -1'>

<Coordi nate point="0 0 0, 1 10, 1 0.86 0.50, 1
0.50 0.86, 1 01.0, 1-0.50 0.86, 1-0.86 0.50,
1-10, 1-0.86 -0.50, 1-0.50-0.86, 10-1.0,
10.50 -0.86, 1 0.86 -0.50, 1 00/>

</ | ndexedLi neSet >
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</ Shape>

</ Swi t ch>
<Swi t ch DEF=' SCLI D_SW TCH whi chChoi ce='0' >

<Wrldinfo info="initial choice is null node (Wrldlnfo),

beam / >

<Transformrotation="0 0 1 1.5708" translation=".5 0 0'>

<Shape>
<Appear ance>

<Mat eri al DEF=' CONE_COLOR
di ffuseColor=".1 .1 .1'/>

</ Appear ance>
<Cone bottom=' fal se' height="1.0"/>

</ Shape>
</ Tr ansf or n»
</ Swi tch>

</ Tr ansf or n»
<Script DEF='DETECTION url='

javascript:
function initialize () {
beantCol or = noCont act Col or;
if (wreframe == TRUE) wi refraneChoice
if (solid == TRUE) sol i dChoice
;uncti on contact (newbDetect, tinmeStanp) ({
if (newDetect) beantCol or cont act Col or;

I
[EY

el se beantCol or noCont act Col or;
}
/'l Debug statenents: print() and trace() work on CosnoPl ayer,
/1 but neither works on Worldview .. :(
/1 trace (' wrefrane =, wirefrane);

/1l trace (' solid =, solid);

meani ng no solid
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/1l trace (' contactColor =', contactColor);

/1l trace (' noCont act Col or =', noCont act Col or);
/1 trace (' transparency =', transparency);

/1l trace (' newDetect =', newDetect);

/1l trace (' beanCol or =', beanCol or);

/1 trace (" wreframeChoice =', wrefranecChoice);
/1l trace (' solidChoice =', solidChoice);

>

<field nane='contact' type='Bool ean' vrm 97Hi nt="eventin'/>

<field nane='wireframe' type='Boolean' vrm 97H nt="field />

<field nanme='solid type='"Boolean' vrm 97H nt="field />

<field nane='contactColor' type='"Color' vrm97H nt="field />

<field nane=' noContact Col or' type='"Color' vrm 97H nt="field />
<field name=' beanCol or' type='Color' vrm 97Hi nt="eventCQut'/>

<field nanme="wi refraneChoi ce' type='Integer' vrm 97H nt="eventQut'/>
<field name='solidChoice' type='Integer' vrm 97H nt="eventQut'/>

</ Scri pt>
<Scri pt DEF=' BEAM CALCULATE' wurl =

javascri pt:
function initialize () {
beantei ght Fact or= Mat h. si n ((beanHei ght Degrees * 3. 141592653 / 180.0) / 2.0);
beamW dt hFact or = Math.sin ((beamW dt hDegrees * 3.141592653 / 180.0) / 2.0);
beanScal e = new SFVec3f ( defaul t Range, defaul t Range * beanHei ght Fact or,
def aul t Range * beamW dt hFactor);

function range (newRange, tineStanp) {

beanHei ght Fact or= Math. sin ((beanHei ght Degrees * 3.141592653 / 180.0) / 2.0);
beam/ dt hFact or = Math.sin ((beamW dt hDegrees * 3.141592653 / 180.0) / 2.0);
i f (newRange < 0)

direction = new SFRotation (0, 1, 0, 3.141592653);
reverseO fset = new SFVec3f (- newRange, 0, 0);
beanScal e = new SFVec3f (-newRange, -newRange * beantHei ght Factor, - newRange * beamW dt hFactor);

el se i f (newRange == 0)
{
direction
reverse( f set

new SFRotation (0, 1, 0, 0);
new SFVec3f (0, 0, 0);
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beantscal e = new SFVec3f ( .0001, .0001, .0001 );

}
el se
t. .
direction = new SFRotation (0, 1, 0, 0);
reverseOfset = new SFVec3f (0, 0, 0);
beanScal e = new SFVec3f (newRange, newRange * beanHei ght Factor, newRange * beanmW dt hFactor);
}
}

/!l Note above that VRM. scale factor triplets all equal to zero are not allowed
/1l Debug statenents: print() and trace() work on CosnoPl ayer,

I but neither works on Worldview. .. :(

/1 trace (' beanWdthDegrees =', beanm dt hDegrees);
/1 trace (' beantHei ght Degrees=', beanHei ght Degrees);
/1 trace (' initial beanScal e=', beanfscal e);

>

<field nane='range' type='Float' vrm 97H nt="eventln'/>

<field nane=' def aul t Range' type='Float' vrm 97H nt="field />

<field nane=' beanHei ght Degrees' type='Float' vrm 97Hi nt="field />

<field name=' beam dt hDegrees' type='"Float' vrm 97Hi nt="field />

<field nane=' beanScal e' type='Vector3Fl oat' vrm 97H nt="eventQut'/>

<field nane='direction' type=' Rotation' vrm 97Hi nt="eventQut'/>
<field name='reverseOfset' type='Vector3Float' vrm 97Hi nt="eventQut'/>

</ Scri pt >

<RQUTE fromNode=' DETECTI ON' fronFi el d=' beantCol or' toNode=" WRE_COLCR

t oFi el d=' em ssiveColor' />

<ROUTE fronmNode=' DETECTI ON' fronfFi el d=' beamCol or' toNode=' CONE_COLOR

t oFi el d=' emi ssi veCol or' />

<ROUTE fronmNode="' DETECTI ON' fronti el d=' wi r ef raneChoi ce'

t oNode=" W REFRAME_SW TCH t oFi el d=" whi chChoi ce'/ >

<ROUTE fromNode=' DETECTI ON' fronfFi el d=' sol i dChoi ce' toNode=' SOLI D_SW TCH
t oFi el d=' whi chChoi ce' / >

<ROUTE fronmNode=" BEAM CALCULATE' fronFi el d=' beantScal e’

t oNode=' BEAM CONTROL' toFiel d='scale'/>

<ROUTE fromNode=" BEAM CALCULATE' fronFi el d="direction' toNode=" BEAM CONTROL'
toField="rotation' />

<ROUTE fromNode=' BEAM CALCULATE' fronFi el d='reverseOfset'

t oNode=' BEAM CONTROL' toField="translation'/>
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</ Prot oDecl ar e>
<l-- Viewabl e geonetry for this scene is anchored text that links to an exanpl e show ng
Ext er nPr ot oDecl are usage

of BeamCone -->
<Wirl dlinfo info="Produce wireframe or transparent beam cones.' title='BeamConeProto' />

<Navi gati onl nfo type=""EXAM NE" "ANY"'/>
<Vi ewpoi nt position="0 0 15 />
<Anchor url =" "BeanConeExanple.w|" "file:///Cl/vrtp/deno/auv/BeanConeExanpl e.w|"
“file:///D|/vrtp/deno/auv/ BeanConeExanpl e. wr | "
"http://web. nps. navy. m |/ ~brut zman/ vrt p/ deno/ auv/ BeanConeExanpl e. wr | "
"http://ww. web3D. or g/ Wr ki ngG oups/ vrt p/ deno/ auv/ BeanConeExanpl e. wr| "' >
<Shape>
<Appear ance>
<Material diffuseColor="0 1 1' em ssiveColor="01 1'/>
</ Appear ance>
<Text string='"BeanConePrototype" "is a Prototype definition file." "" "To see an
exanpl e scene," "click this text and view' "BeanConeExanple."'>
<FontStyle justify=""MDDLE" "M DDLE"' />
</ Text >
</ Shape>
</ Anchor >

</ Scene>

</ X3D>

<!-- Tag color codes. <NodeName attribute="value/> -->
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BEAM CONE EXAMPLE

<?xm version="1.0" encodi ng="UTF-8""?>
<I DOCTYPE X3D PUBLI C "http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dtd" >

<X3D>
<Header >

<meta nanme='fil ename' content='BeanConeExanple.xm"'/>
<neta nane=' aut hor' content="Don Brutzman'/>
<met a nane='revi sed' content='Decenber 11, 2000'/>
<meta nanme=' description' content='Produce wireframe or transparent beam cones.'/>
<neta name="url' content="http://web. nps. navy. m |/ ~brutznman/vrt p/ deno/ auv/ BeanConePr ot ot ype. xmi
http://ww. web3D. or g/ Wor ki ngG oups/ vrt p/ deno/ auv/ BeanConeExanpl e. xm ' / >
<meta nanme='generator' content='X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ README. X3D-Edit. html ' />

</ Header >
<Scene>
<! -- Produce wirefranme or transparent beam cones. Typical uses include propeller/thruster water flow or
I i ne-of -sight sonar/radar/light beans. Negative range values invert base and apex at sane relative
| ocation. Default: beamwi th apex at (0,0,0) and base of radius 1 in x-z plane at (1,0,0). -->
<Ext er nPr ot oDecl ar e nane=' BeanCone' nodeTypeH nt="Transform url =""BeanConePrototype. wl"

"file:///C/vrtp/denmo/auv/ BeanConePrototype.wl" "file:///D|/vrtp/deno/auv/ BeanConeProt otype. wl"
"http://web. nps. navy. m |/ ~brut zman/ vrt p/ deno/ auv/ BeanConePr ot ot ype. wr | "
"http://ww. web3D. or g/ Wor ki ngGr oups/ vrt p/ deno/ auv/ BeamConePr ot ot ype. wr| "' >

<l -- contact: (communications) is transnmitted signal in contact with receiver, or, (sensor) is a
target return detected? -->

<l -- range: distance in nmeters along x axis -->

<! -- defaul tRange: distance in neters, used until eventln range sent -->

<! -- beanHei ght Degrees: degrees across vertical y axis -->

<! -- beanWN dt hDegrees: degrees across horizontal z axis -->

<l -- transparency: 1 = fully transparent, wirefrane only -->

<l -- eventln, eventQut and field semantics nust be retai ned due to exposedField not being allowed in

VRML 97 scripts (unfortunately) -->
<field name='contact' type='Bool ean' vrm 97Hi nt="eventin'/>
<field nane='range' type='Float' vrm 97Hi nt="eventln'/>
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<field nane='def aul t Range' type='Float' vrm 97Hi nt="field' />
<field nane="wireframe' type='Boolean' vrm 97Hi nt="field />

<field nane='"solid'

type='Bool ean' vrm 97Hint="field />

<field nane=' beantei ght Degrees' type='Float' vrm 97Hint="field />
<field nane=' beam dt hDegrees' type='Float' vrm 97H nt="field' />
<field nane='contactColor' type="Color' vrm 97Hi nt="field />
<field nanme=' noContact Col or' type='Color' vrm 97H nt="field />
<field name='transparency' type='"Float' vrm 97H nt="field />

</ Ext er nPr ot oDecl ar e>

<l -- Viewabl e geonetry for this scene -->

<Wirldinfo info="Produce wireframe or transparent beam cones' title='"BeanConeExanple'/>
<Navi gationlnfo type=""EXAM NE" "ANY"'/>

<Vi ewpoi nt descri ption='"BeanCone exanple' position='5 0 10'/>

<G oup>

<Pr ot ol nst ance DEF='

<fi el dval ue
<fiel dval ue
<fi el dval ue
<fi el dval ue
<fi el dval ue
<fi el dval ue

</ Pr ot ol nst ance>

SAMPLE_BEAMCONE' nane=' BeanCone' >

name=' def aul t Range' val ue='5"'/>
nane=' beantHei ght Degr ees' val ue='24'/>
nane=' beanW dt hDegr ees' val ue='5"'/>
nane='transparency' value=0.2"/>
name="wirefrane' value="true'/>
name='sol id" value="true'/>

<Transformtranslation="5 -3 0'>

<Bi | | boar d>

<Shape>

<Appear ance>

<Material diffuseColor=".8 .8 0'/>

</ Appear ance>
<Text string="touch text to toggle contact-node rendering >

<Font Style justify=""MDDLE" "M DDLE"'
size='0.6"/>



</ Text >
</ Shape>

</ Bil | board>
<TouchSensor DEF=' TEXT_TOUCH />

</ Tr ansf or n»

<Ti meSensor DEF=' CLOCK' cyclelnterval = 10" |oop="true'/>

<Scal ar | nt er pol at or DEF='" RANGE_| NTERPOLATOR key='0 .4, .4 .5, .5 .9, .9 1
keyVval ue='0.01 10, 0 O, -0.01 -10, 0 O'/>

</ Gr oup>

<ROUTE fronmNode=" TEXT_TOUCH frontield="isOver' toNode=" SAMPLE_ BEAMCONE'
toFi el d='contact' />
<RQUTE fronmNode=' CLOCK' fronField="fraction_changed' toNode="RANGE | NTERPOLATOR
toFi el d='set _fraction'/>
<ROUTE fromNode=" RANGE_| NTERPOLATOR fronFi el d=' val ue_changed'
t oNode=" SAMPLE_BEAMCONE' t oFi el d='range' />

</ Scene>

</ X3D>
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<I-- Tag col or codes: <NodeNme attribute='"value' /> -->

D. BEAM CYLINDER PROTOTYPE

<?xm version="1.0" encodi ng="UTF-8"?>



<I DOCTYPE X3D PUBLIC "http://ww. web3D. or g/ TaskG oups/ x3d/transl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dt d" >

<X3D>
<Header >

<meta nanme='fil ename' content='BeanCyl i nder Prototype.xm"'/>
<neta nane='author' content='Don Brutznman'/>
<neta name='created' content='February 25, 2001'/>
<met a name=' descri ption' content='Produce wireframe or transparent beamcylinders.'/>
<neta nanme='url' content =
"http://vww. web3D. or g/ TaskGr oups/ x3d/ transl ati on/ exanpl es/ M | i t ar yMbdel s/ Sensor s/ Beam BeanCyl i nder Prot ot ype. xm ' / >

<meta nanme='generator' content='X3D Edit,
htt p: / / www. web3D. or g/ TaskG oups/ x3d/ transl ati on/ READVE. X3D-Edit. htm ' / >

</ Header >
<Scene>
<l -- Produce wirefrane or transparent beam cylinders. Typical uses include propeller/thruster water
flow or line-of-sight sonar/radar/light beams. Negative range values invert base and apex at sane relative
'5 |l ocation. Default: beamwi th apex at (0,0,0) and base of radius 1 in x-z plane at (1,0,0). -->
~ <Pr ot oDecl are nane=' BeanCyl i nder' >
<l -- contact: (communications) is transmtted signal in contact with receiver, or, (sensor) is a
t ar get
return detected? -->
<l -- range: distance in nmeters along x axis -->
<! -- defaul tRange: distance in neters, used until eventln range sent -->
<! -- beanHei ght Degrees: degrees across vertical y axis -->
<! -- beanWN dt hDegrees: degrees across horizontal z axis -->
<l -- transparency: 1 = fully transparent, wireframe only -->
<l -- eventln, eventQut and field semantics nmust be retained due to exposedField not being allowed in

VRML 97 scripts (unfortunately) -->

<field name='contact' type='Bool ean' val ue='fal se' |S="DETECTI ON. cont act'

vrm 97Hi nt =" eventlIn' />

<field nanme='range' type='Float' value=" 0" |S=" BEAM CALCULATE. r ange'

vrm 97Hi nt =" eventin' />

<field nanme=' def aul t Range' type='Float' value="1" | S=" BEAM CALCULATE. def aul t Range'
vrm 97Hi nt="field />

<field name="w reframe' type='Bool ean' val ue='true' |S="DETECTI ON. wi r ef r ane'
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vim 97Hi nt="field' />

<field nane='solid type=' Bool ean' value="true' |S="'DETECTION.solid" vrm97Hi nt="field />
<field nane=' beantei ght' type='Float' value="1" | S=" BEAM CALCULATE. beanHei ght

vrm 97Hi nt="field />

<field name=' beanW dth' type='Float' value="1" |S="' BEAM CALCULATE. bean dt h'

vrm 97Hint="field />

<field nane='contactCol or' type='Color' value='.8 .1 .1" |S="WRE_COLOR eni ssiveCol or
CYLI NDER_CCLOR. eni ssi veCol or DETECTI ON. contact Col or' vrm 97H nt="field' />

<field nane=' noCont act Col or' type='Color' value='".3 .5 .5 |S="DETECTI ON. noCont act Col or"
vim 97Hi nt="field />

<field nane='transparency' type='Float' value='0" |S="WRE_COLOR transparency

CYLI NDER_COLOR. transparency DETECTI ON.transparency' vrm 97Hi nt="field' />

<! -- BEAM CONTROL beam scaling is controlled by

r ange/ beantei ght Degr ees/ beanW dt hDegr ees/ di recti on i nputs -->

<Tr ansf or m DEF=' BEAM_CONTROL' >

<Swi t ch DEF=' W REFRAME_SW TCH whi chChoi ce=' 0" >

<Wrldinfo info="initial choice is null node (Wrldlnfo), meaning no
w refrane beanm />
<Shape>

<Appear ance>

<Mat eri al DEF=' W RE_COLCR
di ffuseColor=".1 .1 .1'/>

</ Appear ance>

<l ndexedLi neSet coordlndex='0 13 -1, 1 14 -1, 2 15 -1, 3

16 -1, 4 17 -1, 518 -1, 6 19 -1, 7 20 -1, 8 21 -1, 9 22 -1,
10 23 -1, 11 24 -1, 12 25 -1, 13, 14, 15, 16, 17, 18, 19, 20
21, 22, 23, 24, 13, -10, 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11,
0,-1'>

<Coordi nate point="0 1 0, 0 0.86 0.50, 0 0.50
0.86, 00 1.0, 0-0.50 0.86, 0-0.86 0.50, 0 -1
0, 0-0.8 -0.50, 0-0.50 -0.86, 00 -1.0, O
0.50 -0.86, 0 0.8 -0.50, O0O0O110, 10.86
0.50, 1 0.500.8, 101.0, 1 -0.500.86, 1
-0.86 0.50, 1 -1 0, 1-0.86-0.50, 1 -0.50
-0.86, 10 -1.0, 1 0.50-0.86, 10.8 -0.50, 10
0 />



60T

</ I ndexedLi neSet >
</ Shape>

</ Switch>
<Swi t ch DEF=' SCLI D_SW TCH whi chChoi ce='0' >

<Worldinfo info="initial choice is null
beam / >

node (Worl dl nfo),

<Transformrotation="0 0 1 1.5708' translation=".5 0 0'>

<Shape>
<Appear ance>
<Mat eri al
DEF=' CYLI NDER_COLOR
di ffuseColor=".1 .1

</ Appear ance>
<Cylinder height="1.0"/>

</ Shape>
</ Tr ansf or n»
</ Swi tch>

</ Tr ansf or n»
<Scri pt DEF=' DETECTI ON >

1>

97Hi nt="field />

meani ng no solid

vrim 97Hi nt =' eventQut' />

<field nanme='contact' type='Boolean' vrm 97H nt="eventin'/>
<field name="wi reframe' type='Boolean' vrm 97Hint="field />
<field nane='solid type=' Boolean' vrm 97Hi nt="field />

<field nane='contact Col or' type='Color' vrmn

<field nane=' noContact Col or' type='"Color' vrm97H nt="field />
<field nane=' beantCol or' type='Color' vrm 97H nt="eventQut'/>
<field nane='w refranmeChoi ce' type='Integer’

<field name='sol i dChoice' type='Integer' vrm 97H nt="eventQut'/>

<! [ CDATA[
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javascript:
function initialize () {
beantCol or = noCont act Col or;

if (wirefrane == TRUE) wi refranmeChoice = 1,
if (solid == TRUE) solidChoice = 1;
}
function contact (newDetect, tineStanmp) {
i f (newbDetect) beanCol or = contact Col or;
el se beanCol or = noCont act Col or;
}
/1 Debug statenents: print() and trace() work on CosnoPl ayer,
/1 but neither works on Worldview. .. :(
/1 trace (' wrefrane =, wirefrane);
/1l trace (' solid =, solid);
/1 trace (' contactColor =', contactColor);
/1l trace (' noCont act Col or ="', noContact Col or);
/1 trace (' transparency =', transparency);
/1l trace (' newDetect =', newDetect);
/1l trace (' beantCol or =', beanCol or);
/1 trace (' wreframeChoice =, wrefranmeChoice);
/1l trace (' solidChoice =', solidChoice);
11>
</ Scri pt >

<Script DEF=' BEAM CALCULATE >

<field name='range' type='Float' vrm 97Hi nt="eventin'/>

<field name='defaul t Range' type='Float' vrm 97Hint="field />

<field nane=' beantei ght' type='"Float' vrm 97H nt="field />

<field nane='beanWdth' type='Float' vrm 97H nt="field />

<field nane=' beanScal e' type='Vector3Fl oat' vrm 97Hi nt="eventQut'/>
<field nane="direction' type=' Rotation' vrm 97Hi nt="eventQut'/>

<field nane='reverseOfset' type='Vector3Float' vrm 97Hi nt="eventQut'/>

<! [ CDATA]
javascript:
function initialize () {
beantcal e = new SFVec3f ( defaul t Range, beanHei ght, beamA dth);
%unction range (newRange, tineStamp) {
i f (newRange < 0)
{



TTT

direction = new SFRotation (0, 1, 0, 3.141592653);

reverse f set new SFVec3f (- newRange, O,

0);

beanScal e = new SFVec3f (-newRange, beanHei ght, beanmW dth);

}
else if (newRange == 0)

direction = new SFRotation (0, 1, 0, 0);
reversetfset = new SFVec3f (0, 0, 0);

beantcal e = new SFVec3f ( .0001, .0001, .0001 ); // zero scale is illegal

}

el se

direction = new SFRotation (0, 1, 0, 0);
reverset fset = new SFVec3f (0, 0, 0);

beanScal e = new SFVec3f (newRange, beanHei ght, beam/ dth);

}

/1l Note above that VRM. scale factor triplets all equal to zero are not all owed
/1 Debug statements: print() and trace() work on CosmoPl ayer,

/1 but neither works on Worldview .. :(
trace (' beamWdth ="', beanmWdth);
trace (' beanHei ght=", beantei ght);
trace (' initial beantcal e=', beanScal e);
11>
</ Scri pt>

<ROUTE fromNode="' DETECTI ON' fronFi el d=' beamCol or' t oNode=" W RE_COLOR

t oFi el d=" em ssiveColor'/>

<ROUTE fromNode="' DETECTI ON' fronti el d=' beantCol or' toNode=' CYLI NDER_COLOR

t oFi el d=' em ssi veColor' />

<ROUTE fromNode=' DETECTI ON' fronti el d="wi r ef raneChoi
t oNode=" W REFRAME_SW TCH t oFi el d=" whi chChoi ce'/ >
<ROUTE fromNode="' DETECTI ON' fronFi el d=' sol i dChoi ce'
t oFi el d=' whi chChoi ce' / >

<ROUTE fronmNode=' BEAM CALCULATE' fronFi el d=' beantcal
t oNode=' BEAM CONTROL' toFiel d='scale'/>

ce'
t oNode=' SOLI D_SW TCH

e'

<ROUTE fronNode=' BEAM CALCULATE' fronFiel d="direction' toNode=' BEAM CONTROL'

toField="rotation'/>

<ROUTE fronmNode="' BEAM CALCULATE' frontiel d='reverseOfset'

t oNode=' BEAM CONTROL' toField="translation'/>
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</ Prot oDecl ar e>

<l-- Viewabl e geonmetry for this scene is anchored text that links to an exanpl e show ng
Ext er nPr ot oDecl are usage

of BeanCylinder -->

<Wrldlnfo info='Produce wireframe or transparent beam cylinders.' title=" BeanCylinderProto'/>

<Navi gationl nfo type=""EXAM NE" "ANY"'/>

<Vi ewpoi nt position="0 0 15 />

<Anchor url =" "BeanCyl i nder Exanple.wr " "file:///C/vrtp/deno/auv/BeanCylinder Exanple. wl"

“file:///D/vrtpl/deno/auv/ BeanCyl i nder Exanpl e. wr | "

"http://web. nps. navy. m |/ ~br ut zman/ vrt p/ deno/ auv/ BeanCyl i nder Exanpl e. wr | "

"http://ww. web3D. or g/ Wr ki ngGroups/ vrt p/ deno/ auv/ BeanCyl i nder Exanpl e. w | "' >

<Shape>
<Appear ance>
<Material diffuseColor="0 1 1' em ssiveColor="01 1'/>
</ Appear ance>
<Text string=""BeanCylinderPrototype" "is a Prototype definition file." "" "To see
exanpl e scene," "click this text and view' "BeanCylinderExanple."'>
<Font Style justify=""M DDLE" "M DDLE"' />
</ Text >
</ Shape>
</ Anchor >
</ Scene>

</ X3b>>
<I-- Tag color codes: <NodeNanme attribute="value' /> -->

an



E. BEAM CYLINDER EXAMPLE

<?xm version="1.0" encodi ng="UTF-8""?>
<! DOCTYPE X3D PUBLI C "htt p://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dtd" >

<X3D>
<Header >

<meta nane='fil enane' content =" BeanCyl i nder Exanpl e. xm '/ >

<met a name='aut hor' content='Don Brutzman'/>

<nmeta name='created content='February 25, 2001'/>

<meta nanme='description' content='Produce wirefrane or transparent beamcylinders.'/>
<meta name='url

content =" http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ exanpl es/ M | i t ar yModel s/ Sensor s/ Beani BeanCyl i nder Exanpl e. xm ' / >

<meta name='generator' content="X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ READVE. X3D-Edit. htm ' />

</ Header >
<Scene>

ETT

<l'-- Produce wireframe or transparent beam cylinders. Typical uses include propeller/thruster water flow or
| i ne-of -sight sonar/radar/light beanms. Negative range values invert base and apex at sane relative

| ocation. Default:

beamwith apex at (0,0,0) and base of radius 1 in x-z plane at (1,0,0). -->

<Ext er nPr ot oDecl ar e name=' BeanCyl i nder' nodeTypeHi nt="Transform url="BeanCyli nder Prototype.wl"'>

<l -- contact: (communications) is transmtted signal in contact with receiver, or, (sensor) is a
t ar get
return detected? -->
<l -- range: distance in nmeters along x axis -->
<! -- defaul t Range: distance in nmeters, used until eventln range sent -->
<! -- beanHeight: meters across vertical y axis -->
<! -- beanmWdth: nmeters across horizontal z axis -->
<l -- transparency: 1 = fully transparent, wireframe only -->
<l -- eventln, eventQut and field semantics must be retained due to exposedField not being allowed in

VRML 97 scripts (unfortunately) -->
<field nane='contact' type='Bool ean' vrm 97Hi nt="eventin'/>
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<field nane='range' type='Float' vrm 97Hi nt="eventln'/>

<field nane='def aul t Range' type='Float' vrm 97Hi nt="field />
<field nane="'wi reframe' type='Boolean' vrm 97H nt="field />
<field name='solid" type='"Boolean' vrm 97Hi nt="field />

<field nane=' beanHei ght' type='Float' vrm 97H nt="field />
<field name='beanWdth' type='Float' vrm 97Hi nt="field />
<field nane='contactColor' type='Color' vrm97Hi nt="field />
<field name=' noContactCol or' type="Color' vrm 97Hi nt="field />
<field name='transparency' type='Float' vrm 97Hi nt="field />

</ Ext er nPr ot oDecl ar e>

<l -- Viewabl e geonetry for this scene -->

<Worldinfo i nfo="Produce wirefrane or transparent beamcylinders' title=" BeanCylinderPrototype'/>
<Navi gationl nfo type=""EXAM NE" "ANY"'/>

<Vi ewpoi nt descri pti on=' BeanCyl i nder exanple' position="5 0 10'/>

<G oup>

<Pr ot ol nst ance DEF=' SAMPLE_BEAMCYLI NDER nane=' BeanCyl i nder' >
<fi el dval ue nane='def aul t Range' val ue='10"'/>
<fi el dval ue nane=' beanHei ght' value="1"'/>
<fi el dval ue name='beamWdth' value="1'/>
<fi el dVal ue nane='transparency' value='0.2"'/>

<fieldval ue nanme="w refrane' value="true'/>
<fi el dval ue nane='"solid" value='true'/>

</ Prot ol nst ance>
<Transformtranslation="5 -3 0'>

<Bi | | boar d>
<Shape>
<Appear ance>
<Material diffuseColor=".8 .8 0'/>

</ Appear ance>
<Text string='"touch text to toggl e contact-node rendering' >

<Font Style justify=""M DDLE" "M DDLE"'
size='0.6"'/>
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</ Text >
</ Shape>

</Bi || board>
<TouchSensor DEF=' TEXT_TOUCH />

</ Tr ansf or m»

<Ti meSensor DEF=' CLOCK' cyclelnterval = 10' enabl ed='fal se' |oop="true' />
<Scal ar I nt er pol at or DEF=' RANGE_| NTERPOLATOR key='0 .4, .4 .5 .5 .9, .9 1
keyVal ue='0.01 10, 0 0, -0.01 -10, 0 O'/>

</ Gr oup>
<RQUTE fromNode="' TEXT_TOUCH fronField="isOver' toNode=' SAMPLE BEAMCYL| NDER

toFi el d="contact' />
<ROUTE fromNode=' CLOCK' fronField=" fraction_changed' toNode=" RANGE | NTERPOLATOR
t oFi el d="set _fraction'/>

<ROUTE fronmNode=" RANGE | NTERPCLATCR fronFi el d=' val ue_changed'

t oNode="' SAMPLE_BEAMCYLI| NDER' t oFi el d=' range' />

</ Scene>

</ X3D>

<l-- Tag col or codes: <NodeNane attribute="value' /> -->
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HALF DOME

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLIC "http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl ati on/ x3d- conpact . dt d" >

<X3D>
<Header >

<meta name='fil enane' content='DoneG een.wl"'/>

<neta nane="author' content='David W Laflam />

<neta nane='revi sed" content='11 August 2000'/>

<neta nanme='description' content='"Geen Signal Done'/>

<meta name='url' content="http://ww. web3D. or g/ Wr ki ngG oups/ vrt p/ deno/ hel i copt er/ DoneG een. xm '/ >
<meta name='generator' content="X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ README. X3D-Edit. html ' />

</ Header >
<Scene>

<Wrldinfo titl e=" Geodesi c Hemi sphere Order 4, radius 1m/>
<Navi gationlnfo type=""EXAM NE", "ANY"'/>
<G oup>

<Shape>
<Appear ance>

<Material ambientlntensity="0.372549"' diffuseColor="0 0.51 0.12'
em ssiveColor="0 0.8 0' shininess="0.72" transparency='0.85"/>

</ Appear ance>

<I ndexedFaceSet creaseAngle='.01" solid= false' coordlndex="0, 1, 2, -1, 1, 3, 4, -1,

2, 4, 5, -1, 3, 6, 7, -1, 4, 7, 8, -1, 5 8, 9, -1, 6, 10, 11, -1, 7, 11, 12, -1, 8, 12, 13,
9, 13, 14, -1, 10, 15, 16, -1, 11, 16, 17, -1, 12, 17, 18, -1, 13, 18, 19, -1, 14, 19, 20,
-1, 1, 4, 2, -1, 3, 7, 4, -1, 4, 8, 5, -1, 6, 11, 7, -1, 7, 12, 8, -1, 8, 13, 9, -1, 10, 16,
-1, 11, 17, 12, -1, 12, 18, 13, -1, 13, 19, 14, -1, 21, 22, 23, -1, 22, 24, 25, -1, 23,

25, 26, -1, 24, 27, 28, -1, 25, 28, 29, -1, 26, 29, 30, -1, 27, 31, 32, -1, 28, 32, 33,

11,
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-1, 69,
75, 76,
-1, 77,
74, 57,
-1, 77,

85, 87,
93, -1,
75, 98,
89, -1,
79, 99,
-1, 81,

83, -1,

-1,
104,
35,

111,
118,
118,
100,
116,
128,
110,
98,

124,
130,
-1,

123,
37,

139,

70, 71,
-1, 73,
81, 82,
-1, 72,
82, 78,
88, -1,
72, 93,
79, -1,
89, 93,
80, -1,
104, 82,

105, 21, 283,
99, 101, 80, -1,

76,

-1,
86,
75,
84,
72,
99,

-1,

-1, 104, 108, 82,

83, -1,

79, 109, 99, -1, 109,

113, 114, -1,
-1, 102, 118,
122, 123, -1,
-1, 112, 116,
121, 117, -1,
-1, 124, 128,
109, 131, -1,

-1, 131, 98, 97,

-1, 112, 129,
133, 126, -1,

39, 37,

-1, 137, 123,
137, 135, -1, 135,
-1, 139, 120,

100,
105,
105,
113,
117,
125,
129,

128,
109,

122,

134,

-1,

56, 71, 57,
77, -1, 74,
78, 82, 83,
73, -1, 73,
78, 83, 59,
88, 89, -1,
-1, 90, 94,
86, 69, -1,
-1, 90, 95,

100, 101, -1, 80,
102, 105, 106, -1, 103,
106, 23, 26, -1,
100, 103, 101,

-1, 105, 23,

114, 102, -1, 112, 115, 116, -1,

110, 111,

31, 0, 2, -1,
28, 25,
-1, 32, 5, 33,

32, 2, 5, -1,

-1, 25, 29, 26, -1,

-1, 33, 9, 34,

24, -1, 37, 39, 40, -1, 38§,

31, 44, 0, -1,

36, 38, 22,

-1, 43, 44, 31, -1, 15, 45,
49, 50, -1, 17, 50, 18, -1,
-1, 51, 55, 56, -1, 52, 56,
47, 16, -1, 46, 49, 47, -1,
-1, 51, 56, 52, -1, 52, 57,
61, 46, -1, 61, 62, 63, -1,
-1, 65, 67, 68, -1, 51, 68,
65, 48, -1, 64, 67, 65, -1,
-1, 70, 72, 73, -1, 71, 73,
77, 78, -1, 58, 78, 59, -1,
-1, 59, 83, 20, -1, 69, 71,
77, 74, -1, 74, 78, 58, -1,
-1, 55, 84, 69, -1, 84, 85,

70, 89, 72, -1,
95, -1, 91, 95,
85, 88, 86, -1,
91, -1, 91, 96,
101, 81,

-1, 101, 104,
106, -1, 106,

106, 107, -1,
107, 26,

87, 90, 91,
96, -1, 92,
86, 89, 70,
92, -1,
-1, 100, 102,

30, -1, 108,

81, -1, 102, 106, 103,
107, 30, 108, -1, 108,

26, 107, -1,

-1, 99, 111, 100, -1,
113, 116, 117, -1, 114, 117,

-1, 37, 40, 38,

-1, 88, 91, 92, -1,
96, 97,
-1, 87, 91, 88, -1,
92, 97, 93,
103, -1, 101, 103, 104,
104, 107, 108,

33, 5, 9, -1, 34, 9, 14, -1,
27, 32, 28, -1, 28, 33
-1, 34, 14, 35, -1, 21,
40, 41, -1, 24, 41, 27
-1, 38, 41,
16, -1, 45, 46, 47, -1,
48, 51, 52, -1, 49, 52
57, -1, 53, 57, 58, -1,
47, 50, 17, -1, 48, 52
53, -1, 53, 58, 54, -1,
46, 63, 48, -1, 63, 64,
55, -1, 60, 61, 45, -1,
65, 68, 51, -1, 55, 69,
74, -1, 57, 74, 58, -1,
75, 79, 80, -1, 76, 80,
56, -1, 70, 73, 71, -1,
75, 80, 76, -1, 76, 81,
86, -1, 69, 86, 70, -1,
89, 92,
-1, 93, 97, 98, -1,
88, 92,
-1, 93, 98, 75, -1,

-1, 82, 108,
30, 35, -1, 83, 35, 20,
-1, 103, 107,

110, 112, 113, -1,

-1, 115, 119, 120, -1, 116, 120, 121, -1, 117, 121, 122, -1,

123, 21, -1,
-1, 113, 117, 114, -1,
122, 118, -1, 118, 123, 105, -1,
-1, 112, 110, 129, -1,
131, 132, -1, 130,
-1, 132, 97, 96, -1,
-1, 128, 130, 125, -1,
98, 131, -1, 131,
135, -1, 37, 36, 137, -1, 135, 137, 138, -1,
-1, 138, 122, 121, -1,
138, 136, -1, 36, 123, 137,
90, 87, 141,

-1, 94, 90,

140, -1,

109, 111, 99,

132, 133, -1,
133, 96,

97, 132,

-1, 110, 113,

114, 118, 102, -1,

128, 129, 130, -1,
126, 133, 127, -1, 109, 79,

95, -1, 127,

-1, 132, 96,

139, 121, 120, -1,

-1, 137, 122,

136, 138, 139,

-1, 87, 85, 142,

111, -1, 111, 114,
115, 120, 116, -1,

119, 115, 124, -1, 115, 112,

125, 130, 126, -1,

95, 94, -1, 115, 128,

110, 131, 129, -1, 129, 132, 130, -1,

133, -1, 133, 95, 127,
-1, 36, 21,
134, 120, 119, -1,
138, -1, 138, 121,
-1, 141,
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142, 143, -1, 85, 84, 144, -1, 142, 144, 145, -1, 84, 55, 68, -1, 144, 68, 67, -1, 145,
67, 66, -1, 90, 141, 140, -1, 87, 142, 141, -1, 85, 144, 142, -1, 142, 145, 143, -1,
84, 68, 144, -1, 144, 67, 145, -1'>

<Coor di nate poi nt='0.5257 0 0.8507, 0.3477 0 0.9376, 0.4636 0.1875

0.866, 0.1227 0 0.9924, 0.2531 0.2047 0.9455, 0.368 0.397 0.8408,

-0.1227 0 0.9924, 0 0.2116 0.9773, 0.1308 0.4233 0.8965, 0.2453

. 5955 0.765, -0.3477 0 0.9376, -0.2531 0.2047 0.9455, -0.1308

.4233 0.8965, 0 0.6142 0.7891, 0.1159 0.7501 0.6511, -0.5257 0

. 8507, -0.4636 0.1875 0.866, -0.368 0.397 0.8408, -0.2453 0.5955

. 765, -0.1159 0.7501 0.6511, 0O 0.8507 0.5257, 0.8507 0.5257 0O

.866 0.4636 0.1875, 0.7501 0.6511 0.1159, 0.8408 0.368 0.397

. 7408 0.5844 0.3313, 0.5955 0.765 0.2453, 0.765 0.2453 0.5955

. 6849 0.4732 0.5541, 0.5541 0.6849 0.4732, 0.397 0.8408 0. 368,

.6511 0.1159 0.7501, 0.5844 0.3313 0.7408, 0.4732 0.5541 0.6849

. 3313 0. 7408 0.5844, 0.1875 0.866 0.4636, 0.9376 0.3477 0, 0.9924

. 1227 0, 0.9455 0.2531 0.2047, 0.9924 0 0, 0.9773 0 0.2116, 0.8965

. 1308 0.4233, 0.8965 0 0.4233, 0.7891 0 0.6142, 0.6511 0 0. 7501,
-0.6511 0.1159 0.7501, -0.765 0.2453 0.5955, -0.5844 0.3313 0. 7408
-0.8408 0.368 0.397, -0.6849 0.4732 0.5541, -0.4732 0.5541 0.6849
-0.866 0.4636 0.1875, -0.7408 0.5844 0.3313, -0.5541 0.6849 0.4732
-0.3313 0. 7408 0.5844, -0.8507 0.5257 0, -0.7501 0.6511 0.1159
-0.5955 0.765 0.2453, -0.397 0.8408 0.368, -0.1875 0.866 0.4636
-0.6511 0 0.7501, -0.7891 0 0.6142, -0.8965 0 0.4233, -0.8965 0.1308

0.4233, -0.9773 0 0.2116, -0.9455 0.2531 0.2047, -0.9924 0 O

-0.9924 0.1227 0, -0.9376 0.3477 0, -0.7501 0.6511 -0.1159, -0.5955

0.765 -0.2453, -0.6142 0.7891 0, -0.397 0.8408 -0.368, -0.4233

0. 8965 -0.1308, -0.4233 0.8965 0.1308, -0.1875 0.866 -0.4636

-0.2047 0.9455 -0.2531, -0.2116 0.9773 0, -0.2047 0.9455 0.2531, O

0. 8507 -0.5257, 0 0.9376 -0.3477, 0 0.9924 -0.1227, 0 0.9924 0.1227,

0 0.9376 0.3477, -0.866 0.4636 -0.1875, -0.8408 0.368 -0.397

-0.7408 0.5844 -0.3313, -0.765 0.2453 -0.5955, -0.6849 0.4732

- 0.5541, -0.5541 0.6849 -0.4732, -0.6511 0.1159 -0.7501, -0.5844

0.3313 -0.7408, -0.4732 0.5541 -0.6849, -0.3313 0.7408 -0.5844,

-0.5257 0 -0.8507, -0.4636 0.1875 -0.866, -0.368 0.397 -0.8408,

-0.2453 0.5955 -0.765, -0.1159 0.7501 -0.6511, 0.1875 0.866 -0.4636

0.397 0.8408 -0.368, 0.2047 0.9455 -0.2531, 0.5955 0.765 -0. 2453,

0.4233 0.8965 -0.1308, 0.2116 0.9773 0, 0.7501 0.6511 -0.1159

0.6142 0.7891 0, 0.4233 0.8965 0.1308, 0.2047 0.9455 0.2531, 0.1159

0.7501 -0.6511, 0.2453 0.5955 -0.765, 0.3313 0.7408 -0.5844, 0.368

0.397 -0.8408, 0.4732 0.5541 -0.6849, 0.5541 0.6849 -0.4732, 0.4636

0. 1875 -0.866, 0.5844 0.3313 -0.7408, 0.6849 0.4732 -0.5541, 0.7408

[eloNoNoNoNoNoRoReleNo)
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0.5844 -0.3313, 0.5257 0 -0.8507, 0.6511 0.1159 -0.7501, 0.765

0. 2453 -0.5955, 0.8408 0.368 -0.397, 0.866 0.4636 -0.1875, 0.3477 0
-0.9376, 0.1227 0 -0.9924, -0.1227 0 -0.9924, -0.3477 0 -0.9376
0.2531 0.2047 -0.9455, 0.1308 0.4233 -0.8965, 0 0.2116 -0.9773, O
0.6142 -0.7891, -0.1308 0.4233 -0.8965, -0.2531 0.2047 -0.9455
0.6511 0 -0.7501, 0.9773 0 -0.2116, 0.8965 0 -0.4233, 0.9455 0.2531
-0.2047, 0.8965 0.1308 -0.4233, 0.7891 0 -0.6142, -0.6511 0 -0. 7501,
-0.7891 0 -0.6142, -0.8965 0.1308 -0.4233, -0.8965 0 -0.4233,

- 0.9455 0.2531 -0.2047, -0.9773 0 -0.2116'/>

</ I ndexedFaceSet >
</ Shape>
</ Group>
</ Scene>
</ X3b>

<!-- Tag col or codes: <NodeName attribute='value'/> -->
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APPENDIX D. OMNI DIRECTIONAL COMMUNICATION PROTOTYPES

A. OMNI DIRECTIONAL PROTOTYPES
This appendix provides code for all of the omni directional models. All models can be found at:

http://web.nps.navy.mil/~brutzman/vrml/examples/NpsMilitary M odel  Communi cati onsA ndSensors/ Omni Directional /chapter.html

This appendix contains the following files of X3D Code:

OmniDirectional ReceiverPrototype
OmniDirectional TransmitterPrototype
OmniDirectional Example

OmniDirectional ReceiverPrototypeWithDIS
OmniDirectional TransmitterPrototypeWithDIS
OmniDirectional ExampleWithDIS

Also included is the java code needed to generate DIS Protocol Data Units for exercising the OmniDirectional ExampleWithDIS:

TcT

UHFPduGenerator:



B. OMNI DIRECTIONAL RECEIVER PROTOTYPE

OmniDirectional Prototypes are

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLIC "http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dt d" >

<X3D>
<Header >

<meta nanme='fil ename' content =" Omi Recei ver Prot otype.xm"'/>

<neta nane='author' content="M ke Hunsberger'/>

<meta nane='created' content='26 Mar 2001'/>
<met a name='nodi fied" content='22 May 2001'/>
<met a name='description' content="Omi Directional Signal Dome Proto controlled by input frequency'/>
<meta name="url'

= content =" http:// www. web3D. or g/ Wor ki ngG oups/ vrt p/ demo/ hel i copt er/ Qmi Di r ecti onal DoneFr equencyCont r ol | edPROTO. xmi ' / >
N

N <nmeta name='generator' content="X3D Edit,

htt p: // www. web3D. or g/ TaskG oups/ x3d/ transl ati on/ READVE. X3D-Edit. html '/ >

</ Header >
<Scene>

<Pr ot oDecl ar e nane=' Omi Recei ver' >

<field nane='em ssiveCol or' type='Color' value="0 .8 0' |IS="nmaterial.emni ssiveCol or'

vrm 97Hi nt="eventIn'/>

<field name='frequency' type='Integer' val ue='"150000

| S=' Cal cul at eCol or SchemeMEDAL. f requency' vrm 97Hint="field' />

<field nane='shininess' type='Float' value=".72" |IS="material.shininess' vim97H nt="field />
<field name="anbientlntensity' type='Float' value='0.372549' |S="material.anbientlntensity'

vim 97Hi nt="field />

<field nane='transparency' type='Float' value=".85 |S="material.transparency' vrm 97Hi nt="field />
<G oup>



ect

<Shape>
<Appear ance>

<Material DEF='"naterial'/>

</ Appear ance>
<l ndexedFaceSet creaseAngle='.01" solid="false' coordlndex=0, 1, 2, -1,
1, 38, 4, -1, 2, 4, 5, -1, 3, 6, 7, -1, 4, 7, 8 -1, 5, 8, 9, -1, 6, 10, 11, -1, 7,
11, 12, -1, 8, 12, 13, -1, 9, 13, 14, -1, 10, 15, 16, -1, 11, 16, 17, -1, 12,
17, 18, -1, 13, 18, 19, -1, 14, 19, 20, -1, 1, 4, 2, -1, 3, 7, 4, -1, 4, 8, 5,
-1, 6, 12, 7, -1, 7, 12, 8, -1, 8, 13, 9, -1, 10, 16, 11, -1, 11, 17, 12, -1,
12, 18, 13, -1, 13, 19, 14, -1, 21, 22, 23, -1, 22, 24, 25, -1, 23, 25, 26
-1, 24, 27, 28, -1, 25, 28, 29, -1, 26, 29, 30, -1, 27, 31, 32, -1, 28, 32,
33, -1, 29, 33, 34, -1, 30, 34, 35, -1, 31, O, 2, -1, 32, 2, 5, -1, 33, 5, 9,
-1, 34, 9, 14, -1, 35, 14, 20, -1, 22, 25, 23, -1, 24, 28, 25, -1, 25, 29,
26, -1, 27, 32, 28, -1, 28, 33, 29, -1, 29, 34, 30, -1, 31, 2, 32, -1, 32, 5
33, -1, 33, 9, 34, -1, 34, 14, 35, -1, 21, 36, 22, -1, 36, 37, 38, -1, 22
38, 24, -1, 37, 39, 40, -1, 38, 40, 41, -1, 24, 41, 27, -1, 41, 42, 43, -1,
27, 43, 31, -1, 31, 44, 0, -1, 36, 38, 22, -1, 37, 40, 38, -1, 38, 41, 24,
-1, 40, 42, 41, -1, 41, 43, 27, -1, 43, 44, 31, -1, 15, 45, 16, -1, 45, 46,
47, -1, 16, 47, 17, -1, 46, 48, 49, -1, 47, 49, 50, -1, 17, 50, 18, -1, 48,
51, 52, -1, 49, 52, 53, -1, 50, 53, 54, -1, 18, 54, 19, -1, 51, 55, 56, -1,
52, 56, 57, -1, 53, 57, 58, -1, 54, 58, 59, -1, 19, 59, 20, -1, 45, 47, 16,
-1, 46, 49, 47, -1, 47, 50, 17, -1, 48, 52, 49, -1, 49, 53, 50, -1, 50, 54,
18, -1, 51, 56, 52, -1, 52, 57, 53, -1, 53, 58, 54, -1, 54, 59, 19, -1, 15,
60, 45, -1, 45, 61, 46, -1, 61, 62, 63, -1, 46, 63, 48, -1, 63, 64, 65, -1,
48, 65, 51, -1, 64, 66, 67, -1, 65, 67, 68, -1, 51, 68, 55, -1, 60, 61, 45,
-1, 61, 63, 46, -1, 62, 64, 63, -1, 63, 65, 48, -1, 64, 67, 65, -1, 65, 68,
51, -1, 55, 69, 56, -1, 69, 70, 71, -1, 56, 71, 57, -1, 70, 72, 73, -1, 71,
73, 74, -1, 57, 74, 58, -1, 72, 75, 76, -1, 73, 76, 77, -1, 74, 77, 78, -1,
58, 78, 59, -1, 75, 79, 80, -1, 76, 80, 81, -1, 77, 81, 82, -1, 78, 82, 83,
-1, 59, 83, 20, -1, 69, 71, 56, -1, 70, 73, 71, -1, 71, 74, 57, -1, 72, 76,
73, -1, 73, 77, 74, -1, 74, 78, 58, -1, 75, 80, 76, -1, 76, 81, 77, -1, 77,
82, 78, -1, 78, 83, 59, -1, 55, 84, 69, -1, 84, 85, 86, -1, 69, 86, 70, -1,
85, 87, 88, -1, 86, 88, 89, -1, 70, 89, 72, -1, 87, 90, 91, -1, 88, 91, 92,
-1, 89, 92, 93, -1, 72, 93, 75, -1, 90, 94, 95, -1, 91, 95, 96, -1, 92, 96
97, -1, 93, 97, 98, -1, 75, 98, 79, -1, 84, 86, 69, -1, 85, 88, 86, -1, 86,
89, 70, -1, 87, 91, 88, -1, 88, 92, 89, -1, 89, 93, 72, -1, 90, 95, 91, -1,
91, 96, 92, -1, 92, 97, 93, -1, 93, 98, 75, -1, 79, 99, 80, -1, 99, 100
101, -1, 80, 101, 81, -1, 100, 102, 103, -1, 101, 103, 104, -1, 81, 104,
82, -1, 102, 105, 106, -1, 103, 106, 107, -1, 104, 107, 108, -1, 82, 108,
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-1, 105, 21, 23, -1, 106, 23, 26, -1, 107, 26, 30, -1, 108, 30, 35, -1,
35, 20, -1, 99, 101, 80, -1, 100, 103, 101, -1, 101, 104, 81, -1, 102

106, 103, -1, 103, 107, 104, -1, 104, 108, 82, -1, 105, 23, 106, -1, 106,

107, -1, 107, 30, 108, -1, 108, 35, 83, -1, 79, 109, 99, -1, 109, 110

111, -1, 99, 111, 100, -1, 110, 112, 113, -1, 111, 113, 114, -1, 100
114, 102, -1, 112, 115, 116, -1, 113, 116, 117, -1, 114, 117, 118, -1,
102, 118, 105, -1, 115, 119, 120, -1, 116, 120, 121, -1, 117, 121, 122

118, 122, 123, -1, 105, 123, 21, -1, 109, 111, 99, -1, 110, 113, 111,
111, 114, 100, -1, 112, 116, 113, -1, 113, 117, 114, -1, 114, 118,

102, -1, 115, 120, 116, -1, 116, 121, 117, -1, 117, 122, 118, -1, 118,
123, 105, -1, 119, 115, 124, -1, 115, 112, 128, -1, 124, 128, 125, -1,
112, 110, 129, -1, 128, 129, 130, -1, 125, 130, 126, -1, 110, 109, 131

129, 131, 132, -1, 130, 132, 133, -1, 126, 133, 127, -1, 109, 79, 98,
131, 98, 97, -1, 132, 97, 96, -1, 133, 96, 95, -1, 127, 95, 94, -1,

115, 128, 124, -1, 112, 129, 128, -1, 128, 130, 125, -1, 110, 131, 129

129, 132, 130, -1, 130, 133, 126, -1, 109, 98, 131, -1, 131, 97, 132,
132, 96, 133, -1, 133, 95, 127, -1, 39, 37, 135, -1, 37, 36, 137, -1

13%, 137, 138, -1, 136, 138, 139, -1, 36, 21, 123, -1, 137, 123, 122, -1,

138, 122, 121, -1, 139, 121, 120, -1, 134, 120, 119, -1, 37, 137, 135,

-1, 135, 138, 136, -1, 36, 123, 137, -1, 137, 122, 138, -1, 138, 121,

139, -1, 139, 120, 134, -1, 94, 90, 140, -1, 90, 87, 141, -1, 87, 85, 142
-1, 141, 142, 143, -1, 85, 84, 144, -1, 142, 144, 145, -1, 84, 55, 68, -1,
144, 68, 67, -1, 145, 67, 66, -1, 90, 141, 140, -1, 87, 142, 141, -1, 85
144, 142, -1, 142, 145, 143, -1, 84, 68, 144, -1, 144, 67, 145, -1'>

<Coor di nate poi nt="0.5257 0 0.8507, 0.3477 0 0.9376,
0.4636 0.1875 0.866, 0.1227 0 0.9924, 0.2531 0.2047
0.9455, 0.368 0.397 0.8408, -0.1227 0 0.9924, 0 0.2116
0.9773, 0.1308 0.4233 0.8965, 0.2453 0.5955 0.765
-0.3477 0 0.9376, -0.2531 0.2047 0.9455, -0.1308 0.4233
0.8965, 0 0.6142 0.7891, 0.1159 0.7501 0.6511, -0.5257 O
0.8507, -0.4636 0.1875 0.866, -0.368 0.397 0.8408,
-0.2453 0.5955 0.765, -0.1159 0.7501 0.6511, O 0.8507

. 5257, 0.8507 0.5257 0, 0.866 0.4636 0.1875, 0.7501
.6511 0.1159, 0.8408 0.368 0.397, 0.7408 0.5844

. 3313, 0.5955 0.765 0.2453, 0.765 0.2453 0.5955

. 6849 0.4732 0.5541, 0.5541 0.6849 0.4732, 0.397

. 8408 0.368, 0.6511 0.1159 0.7501, O0.5844 0.3313

. 7408, 0.4732 0.5541 0.6849, 0.3313 0.7408 0.5844,

. 1875 0. 866 0.4636, 0.9376 0.3477 0, 0.9924 0.1227 0,

. 9455 0.2531 0.2047, 0.9924 0 0, 0.9773 0 0.2116

. 8965 0.1308 0.4233, 0.8965 0 0.4233, 0.7891 0 0.6142

lofeNei=RekeleR=X=)
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0.6511 0 0.7501, -0.6511 0.1159 0.7501, -0.765 0.2453
0. 5955, -0.5844 0.3313 0.7408, -0.8408 0.368 0.397,
-0.6849 0.4732 0.5541, -0.4732 0.5541 0.6849, -0.866
.4636 0.1875, -0.7408 0.5844 0.3313, -0.5541 0.6849
.4732, -0.3313 0.7408 0.5844, -0.8507 0.5257 0, -0.7501
. 6511 0.1159, -0.5955 0.765 0.2453, -0.397 0.8408
. 368, -0.1875 0.866 0.4636, -0.6511 0 0.7501, -0.7891 O
.6142, -0.8965 0 0.4233, -0.8965 0.1308 0.4233, -0.9773
0.2116, -0.9455 0.2531 0.2047, -0.9924 0 0, -0.9924
. 1227 0, -0.9376 0.3477 0, -0.7501 0.6511 -0.1159,
-0.5955 0.765 -0.2453, -0.6142 0.7891 0, -0.397 0.8408
-0.368, -0.4233 0.8965 -0.1308, -0.4233 0.8965 0.1308,
-0.1875 0.866 -0.4636, -0.2047 0.9455 -0.2531, -0.2116
0.9773 0, -0.2047 0.9455 0.2531, 0 0.8507 -0.5257, O
0.9376 -0.3477, 0 0.9924 -0.1227, 0 0.9924 0.1227, O
0.9376 0.3477, -0.866 0.4636 -0.1875, -0.8408 0.368
-0.397, -0.7408 0.5844 -0.3313, -0.765 0.2453 -0.5955,
-0.6849 0.4732 -0.5541, -0.5541 0.6849 -0.4732, -0.6511
0. 1159 -0.7501, -0.5844 0.3313 -0.7408, -0.4732 0.5541
-0.6849, -0.3313 0.7408 -0.5844, -0.5257 0 -0.8507,
-0.4636 0.1875 -0.866, -0.368 0.397 -0.8408, -0.2453
0. 5955 -0.765, -0.1159 0.7501 -0.6511, 0.1875 0. 866
-0.4636, 0.397 0.8408 -0.368, 0.2047 0.9455 -0. 2531,
0.5955 0. 765 -0.2453, 0.4233 0.8965 -0.1308, 0.2116
0.9773 0, 0.7501 0.6511 -0.1159, 0.6142 0.7891 0, 0.4233
0.8965 0.1308, 0.2047 0.9455 0.2531, 0.1159 0.7501
-0.6511, 0.2453 0.5955 -0.765, 0.3313 0.7408 -0.5844,
0.368 0.397 -0.8408, 0.4732 0.5541 -0.6849, 0.5541
0.6849 -0.4732, 0.4636 0.1875 -0.866, 0.5844 0.3313
-0.7408, 0.6849 0.4732 -0.5541, 0.7408 0.5844 -0.3313
0.5257 0 -0.8507, 0.6511 0.1159 -0.7501, 0.765 0.2453
- 0.5955, 0.8408 0.368 -0.397, 0.866 0.4636 -0.1875,
0.3477 0 -0.9376, 0.1227 0 -0.9924, -0.1227 0 -0.9924,
-0.3477 0 -0.9376, 0.2531 0.2047 -0.9455, 0.1308 0.4233
-0.8965, 0 0.2116 -0.9773, 0 0.6142 -0.7891, -0.1308
0.4233 -0.8965, -0.2531 0.2047 -0.9455, 0.6511 0
-0.7501, 0.9773 0 -0.2116, 0.8965 0 -0.4233, 0.9455
0. 2531 -0.2047, 0.8965 0.1308 -0.4233, 0.7891 0 -0.6142,
-0.6511 0 -0.7501, -0.7891 0 -0.6142, -0.8965 0.1308
-0.4233, -0.8965 0 -0.4233, -0.9455 0.2531 -0.2047,
-0.9773 0 -0.2116' />

[eleNoNoNoNoNe]



</ | ndexedFaceSet >

</ Shape>

<Scri pt DEF=' Cal cul at eCol or SchemeMEDAL' >
<l-- inputUnits are 'feet' or 'meters' - heightValuesQutput is always in
neters. -->

<field name='frequency' type='Integer' vrm 97Hint="field />

<field nane="diffuseCol or' type='Color' vrm 97Hi nt="eventQut'/>
<field nane='em ssiveCol or' type='Color' vrm 97Hi nt="eventQut'/>
<field nane='shi ni ness' type='Float' vrm 97Hi nt="eventQut'/>

<field name="anbientlntensity' type=' Float' vrm 97H nt="eventQut'/>
<field nane='transparency' type='Float' vrm 97H nt="eventQut'/>

<! [ CDATA[
javascript:

function initialize ()

{

/1 this depth band defined to match fathoms to 60 feet, then 10' increnents, doesn't
mat ch MEDAL

dept hBand = new MFFl oat (3000, 30000, 300000, 3000000, 30000000, 300000000, 3000000000);

ocT

transparency = .65;
/1 frequency(200000000) ;

br own = new SFCol or (0.2, 0.2, 0);

white = new SFCol or (1, 1, 1);

red = new SFColor (1, 0, 0);

redEm ss = new SFColor (1, 0O, 0) ;

or ange = new SFCol or (1, .529, 0);

yel | ow = new SFColor (1, 1, 0);

green = new SFCol or (0, 1, 0);

cyan = new SFCol or (0, 1, 1);

bl ue = new SFCol or (0, 0, 1);

magent a = new SFColor (1, 0, 1);

mar oon = new SFCol or (0.561, 0, 0.322);

tan = new SFCol or (0.871, 0.721, 0.529);
seaG een = new SFCol or (0.322, 0.584, 0.517);
sl at eBl ue = new SFCol or (0.494, 0.533, 0.671);
navyBl ue = new SFCol or (0.137, 0.137, 0.459);
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grey = new SFCol or (0.5, 0.5, 0.5);
sl ateG ey = new SFCol or (0.439, 0.502, 0.565);
skyBl ue = new SFCol or (0.6, 0.6, 1.0);
olive = new SFColor (0.1, 0.4, 0);
bl ack = new SFCol or (0.1, 0.1, 0.1);
[lprint('frequency = ' +frequency)
frequencyVal ue = frequency ;
print (' frequency = ' +frequencyVal ue)
{ i f (frequencyVal ue < depthBand[1]) { diffuseCol or = brown;
em ssiveCol or = brown; }
else if (frequencyValue < depthBand[2]) { diffuseCol or = cyan;
em ssiveCol or = cyan; }
else if (frequencyValue < depthBand[3]) { diffuseColor = red;
em ssiveCol or = redEm ss ;
else if (frequencyVal ue < depthBand[4]) { diffuseColor = grey;
em ssiveCol or = grey; }
else if (frequencyVal ue < depthBand[5]) { diffuseColor = yellow,
em ssiveCol or = yellow; }
else if (frequencyVal ue < depthBand[6]) { diffuseColor = tan;
em ssiveCol or = tan; }
else if (frequencyVal ue < depthBand[7]) { diffuseCol or = orange;
em ssi veCol or = orange; }
el se { di ffuseCol or = bl ack;
em ssi veCol or = bl ack;
transparency = 0 ; }
print('color = ' +diffuseCol or)
}
}
11>
</ Scri pt >

</ Group>
<ROUTE fromNode="' Cal cul at eCol or ScheneMEDAL' fronti el d='di ffuseCol or' toNode='material'
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t oFi el d="di ffuseCol or' />

<RQUTE fronNode="' Cal cul at eCol or SchemeMEDAL' fronFi el d='transparency’
toFi el d='transparency' />

<RQUTE fromNode=" Cal cul at eCol or SchemeMEDAL' fronti el d=' enmi ssi veCol or'
t oNode=' material' toField="em ssiveColor'/>

</ Pr ot oDecl ar e>
<Pr ot ol nst ance nanme=' Omi Recei ver' >

<fi el dval ue name='frequency' val ue='100000'/>

</ Prot ol nst ance>
<Wrldinfo title=" Geodesi c Heni sphere Order 4, radius 1m/>

</ Scene>
</ X3D>

<l-- Tag col or codes: <NodeName attribute='value' /> -->

t oNode=' materi al '



C. OMNI DIRECTIONAL TRANSMITTER PROTOTYPE

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLI C "http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dtd" >

<X3D>
<Header >

<nmeta nanme='fil ename’ content="Omi TransnmitterPrototype.xm"'/>

<neta nane=" aut hor' content="M ke Hunsberger'/>

<nmeta name='created' content='26 Mar 2001'/>

<neta name='revi sed content='22 May 2001'/>

<meta name='description' content="Omi Directional Signal Done Proto controlled by i nput frequency'/>
<meta nanme='url’

content =" http://ww. web3D. or g/ Wr ki ngGr oups/ vrt p/ deno/ hel i copt er/ Omi Di recti onal DomeFr equencyContr ol | edPROTO. xmi ' / >

B <meta name='generator' content="X3D Edit,

© http://wwmv. web3D. or g/ TaskG oups/ x3d/ transl ati on/ READVE. X3D-Edit. htm ' />
</ Header >
<Scene>

<Pr ot oDecl are nane=' Omi Transnitter' >

<field nane='em ssiveColor' type="Color' value="0 .8 0' IS="naterial.emn ssiveCol or'

vrm 97Hi nt =" eventIn' />

<field nane='frequency' type='Integer' |S="Cal cul at eCol or SchemeMEDAL. f r equency’

vrm 97Hint="field />

<field name='shini ness' type='Float' value='".72" |IS="naterial.shininess' vrm97H nt="field />
<field nane="anmbientintensity' type='Float' value='0.372549' |S="material.anbientlintensity’

vrm 97Hi nt="field />

<field nane='transparency' type='Float' value='.85 [|S="nmaterial.transparency' vrm 97H nt="field />
<G oup>

<Shape>
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<Appear ance>

<Material DEF='nmterial'/>

</ Appear ance>

<l ndexedFaceSet creaseAngle=".01
1, 3, 4, -1, 2, 4,5, -1, 3, 6, 7,

11, 12, -1, 8, 12, 13, -1,
17, 18, -1, 13, 18, 19, -1,
-1, 6, 11, 7, -1, 7, 12, 8§,
12, 18, 13, -1, 13, 19, 14,
-1, 24, 27, 28, -1, 25, 28,
33, -1, 29, 33, 34, -1, 30,
-1, 34, 9, 14, -1, 35, 14,
26, -1, 27, 32, 28, -1, 28,
33, -1, 33, 9, 34, -1, 34,
38, 24, -1, 37, 39, 40, -1,
27, 43, 31, -1, 31, 44, 0,
-1, 40, 42, 41, -1, 41,
47, -1, 16, 47, 17, -1,
51, 52, -1, 49, 52, 53,
52, 56, 57, -1, 53, 57,
-1, 46, 49, 47, -1, 47,
18, -1, 51, 56, 52, -1,
60, 45, -1, 45, 61, 46, -1,
48, 65, 51, -1, 64, 66, 67,
-1, 61, 63, 46, -1, 62, 64,
51, -1, 55, 69, 56, -1, 69,
73, 74, -1, 57, 74, 58, -1,
58, 78, 59, -1, 75, 79, 80,
-1, 59, 83, 20, -1, 69, 71,
73, -1, 73, 77, 74, -1, 74,
82, 78, -1, 78, 83, 59, -1,
85, 87, 88, -1, 86, 88, 89,
-1, 89, 92, 93, -1, 72, 93,
97, -1, 93, 97, 98, -1, 75,
89, 70, -1, 87, 91, 88, -1,
91, 96, 92, -1, 92, 97, 93,

sol i d='fal se'

coordl ndex='0, 1, 2, -1,
-1, 4, 7, 8 -1, 5 8, 9, -1, 6, 10, 11,

-1,

9, 13, 14, -1, 10, 15, 16, -1, 11, 16, 17, -1, 12,

14, 19, 20, -1,
-1, 8, 13, 9,
-1, 21, 22, 23,
29, -1, 26, 29,
34, 35, -1, 31,
20, -1, 22, 25,
33, 29, -1, 29,
14, 35, -1, 21,
38, 40, 41, -1,
-1, 36, 38, 22,
43, 27, -1, 43,
46, 48, 49, -1,
-1, 50, 53, 54,
58, -1, 54, 58,
50, 17, -1, 48,
52, 57, 53, -1,
61, 62, 63, -1,
-1, 65, 67, 68,
63, -1, 63, 65,
70, 71, -1, 56,
72, 75, 76, -1,
-1, 76, 80, 81,
56, -1, 70, 73,
78, 58, -1, 75,
55, 84, 69, -1,
-1, 70, 89, 72,
75, -1, 90, 94,
98, 79, -1, 84,
88, 92, 89, -1,
-1, 93, 98, 75,

1, 4, 2, -1, 3,

-1, 10, 16, 11, -

-1, 22, 24, 25,
30, -1, 27, 31,

7, 4, -1, 4, 8, 5,

1, 11, 17, 12, -
-1, 23, 25, 26,
32, -1, 28, 32,

0, 2, -1, 32, 2, 5, -1, 33, 5,

23, -1, 24, 28,
34, 30, -1, 31,
36, 22, -1, 36,
24, 41, 27, -1,
-1, 37, 40, 38§,
44, 31, -1, 15,
47, 49, 50, -1,
-1, 18, 54, 19,
59, -1, 19, 59,
52, 49, -1, 49,
53, 58, 54, -1,
46, 63, 48, -1,
-1, 51, 68, 55,
48, -1, 64, 67,
71, 57, -1, 70,
73, 76, 77, -1,
-1, 77, 81, 82,
71, -1, 71, 74,
80, 76, -1, 76,
84, 85, 86, -1,
-1, 87, 90, 91,
95, -1, 91, 95,
86, 69, -1, 85,
89, 93, 72, -1,
-1, 79, 99, 80,

101, -1, 80, 101, 81, -1, 100, 102, 103, -1, 101, 103, 104,
103, 106, 107, -1, 104, 107, 108, -1, 82, 108,

82, -1, 102, 105, 106, -1,

83, -1, 105, 21, 23, -1, 106, 23, 26, -1, 107, 26, 30, -1,
83, 35, 20, -1, 99, 101, 80, -1, 100, 103,

25, -1, 25, 29,
2, 32, -1, 32,
37, 38, -1, 22,
41, 42, 43, -1,
-1, 38, 41, 24,
45, 16, -1, 45,
17, 50, 18, -1,
-1, 51, 55, 56,
20, -1, 45, 47,
53, 50, -1, 50,
54, 59, 19, -1,
63, 64, 65, -1,
-1, 60, 61, 45,
65, -1, 65, 68,
72, 73, -1, 71,
74, 77, 78, -1,
-1, 78, 82, 83,
57, -1, 72, 76,
81, 77, -1, 71,
69, 86, 70, -1,
-1, 88, 91, 92,
96, -1, 92, 96,
88, 86, -1, 86,
90, 95, 91, -1,
-1, 99, 100,
-1, 81, 104,

108, 30, 35, -1,

101, -1, 101, 104, 81, -1, 102,

1,

9,

5,

46,
48,

16.
54,
15,

7,
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106, 103, -1, 103, 107, 104, -1, 104, 108, 82, -1, 105, 23, 106, -1, 106,
26, 107, -1, 107, 30, 108, -1, 108, 35, 83, -1, 79, 109, 99, -1, 109, 110,
111, -1, 99, 111, 100, -1, 110, 112, 113, -1, 111, 113, 114, -1, 100
114, 102, -1, 112, 115, 116, -1, 113, 116, 117, -1, 114, 117, 118, -1,
102, 118, 105, -1, 115, 119, 120, -1, 116, 120, 121, -1, 117, 121, 122
-1, 118, 122, 123, -1, 105, 123, 21, -1, 109, 111, 99, -1, 110, 113, 111,
-1, 111, 114, 100, -1, 112, 116, 113, -1, 113, 117, 114, -1, 114, 118,
102, -1, 115, 120, 116, -1, 116, 121, 117, -1, 117, 122, 118, -1, 118,
123, 105, -1, 119, 115, 124, -1, 115, 112, 128, -1, 124, 128, 125, -1,
112, 110, 129, -1, 128, 129, 130, -1, 125, 130, 126, -1, 110, 109, 131
-1, 129, 131, 132, -1, 130, 132, 133, -1, 126, 133, 127, -1, 109, 79, 98,
-1, 131, 98, 97, -1, 132, 97, 96, -1, 133, 96, 95, -1, 127, 95, 94, -1,
115, 128, 124, -1, 112, 129, 128, -1, 128, 130, 125, -1, 110, 131, 129
-1, 129, 132, 130, -1, 130, 133, 126, -1, 109, 98, 131, -1, 131, 97, 132,
-1, 132, 96, 133, -1, 133, 95, 127, -1, 39, 37, 135, -1, 37, 36, 137, -1,
135, 137, 138, -1, 136, 138, 139, -1, 36, 21, 123, -1, 137, 123, 122, -1,
138, 122, 121, -1, 139, 121, 120, -1, 134, 120, 119, -1, 37, 137, 135
-1, 135, 138, 136, -1, 36, 123, 137, -1, 137, 122, 138, -1, 138, 121,
139, -1, 139, 120, 134, -1, 94, 90, 140, -1, 90, 87, 141, -1, 87, 85, 142
-1, 141, 142, 143, -1, 85, 84, 144, -1, 142, 144, 145, -1, 84, 55, 68, -1,
144, 68, 67, -1, 145, 67, 66, -1, 90, 141, 140, -1, 87, 142, 141, -1, 85
144, 142, -1, 142, 145, 143, -1, 84, 68, 144, -1, 144, 67, 145, -1'>

<Coor di nate poi nt='0.5257 0 0.8507, 0.3477 0 0.9376
0.4636 0.1875 0.866, 0.1227 0 0.9924, 0.2531 0.2047
0.9455, 0.368 0.397 0.8408, -0.1227 0 0.9924, 0 0.2116
0.9773, 0.1308 0.4233 0.8965, 0.2453 0.5955 0.765
-0.3477 0 0.9376, -0.2531 0.2047 0.9455, -0.1308 0.4233
0.8965, 0 0.6142 0.7891, 0.1159 0.7501 0.6511, -0.5257 O
0.8507, -0.4636 0.1875 0.866, -0.368 0.397 0.8408
-0.2453 0.5955 0.765, -0.1159 0.7501 0.6511, O 0.8507
. 5257, 0.8507 0.5257 0, 0.866 0.4636 0.1875, 0.7501
.6511 0.1159, 0.8408 0.368 0.397, 0.7408 0.5844
. 3313, 0.5955 0.765 0.2453, 0.765 0.2453 0.5955
. 6849 0.4732 0.5541, 0.5541 0.6849 0.4732, 0.397
. 8408 0.368, 0.6511 0.1159 0.7501, 0.5844 0.3313
. 7408, 0.4732 0.5541 0.6849, 0.3313 0.7408 0.5844,

. 1875 0. 866 0.4636, 0.9376 0.3477 0, 0.9924 0.1227 0,
. 9455 0. 2531 0.2047, 0.9924 0 0, 0.9773 0 0.2116

. 8965 0.1308 0.4233, 0.8965 0 0.4233, 0.7891 0 0.6142
.6511 0 0.7501, -0.6511 0.1159 0.7501, -0.765 0.2453
. 5955, -0.5844 0.3313 0.7408, -0.8408 0.368 0.397,

OCoo0O0oQoO0OpoooOo
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0.6849 0.4732 0.5541, -0.4732 0.5541 0.6849, -0.866
.4636 0.1875, -0.7408 0.5844 0.3313, -0.5541 0.6849
.4732, -0.3313 0.7408 0.5844, -0.8507 0.5257 0, -0.7501
. 6511 0.1159, -0.5955 0.765 0.2453, -0.397 0.8408
. 368, -0.1875 0.866 0.4636, -0.6511 0 0.7501, -0.7891 O
.6142, -0.8965 0 0.4233, -0.8965 0.1308 0.4233, -0.9773
0.2116, -0.9455 0.2531 0.2047, -0.9924 0 0, -0.9924
. 1227 0, -0.9376 0.3477 0, -0.7501 0.6511 -0.1159,
-0.5955 0.765 -0.2453, -0.6142 0.7891 0, -0.397 0.8408
-0.368, -0.4233 0.8965 -0.1308, -0.4233 0.8965 0.1308,
-0.1875 0.866 -0.4636, -0.2047 0.9455 -0.2531, -0.2116
0.9773 0, -0.2047 0.9455 0.2531, 0 0.8507 -0.5257, O
0.9376 -0.3477, 0 0.9924 -0.1227, 0 0.9924 0.1227, O
0.9376 0.3477, -0.866 0.4636 -0.1875, -0.8408 0. 368
-0.397, -0.7408 0.5844 -0.3313, -0.765 0.2453 -0.5955,
-0.6849 0.4732 -0.5541, -0.5541 0.6849 -0.4732, -0.6511
0. 1159 -0.7501, -0.5844 0.3313 -0.7408, -0.4732 0.5541
-0.6849, -0.3313 0.7408 -0.5844, -0.5257 0 -0.8507,
-0.4636 0.1875 -0.866, -0.368 0.397 -0.8408, -0.2453
0. 5955 -0.765, -0.1159 0.7501 -0.6511, 0.1875 0.866
-0.4636, 0.397 0.8408 -0.368, 0.2047 0.9455 -0. 2531,
0.5955 0. 765 -0.2453, 0.4233 0.8965 -0.1308, 0.2116
0.9773 0, 0.7501 0.6511 -0.1159, 0.6142 0.7891 0, 0.4233
0. 8965 0.1308, 0.2047 0.9455 0.2531, 0.1159 0.7501
-0.6511, 0.2453 0.5955 -0. 765, 0.3313 0.7408 -0.5844,
0.368 0.397 -0.8408, 0.4732 0.5541 -0.6849, 0.5541
0.6849 -0.4732, 0.4636 0.1875 -0.866, 0.5844 0.3313
-0.7408, 0.6849 0.4732 -0.5541, 0.7408 0.5844 -0.3313
0.5257 0 -0.8507, 0.6511 0.1159 -0.7501, 0.765 0.2453
- 0.5955, 0.8408 0.368 -0.397, 0.866 0.4636 -0.1875,
0.3477 0 -0.9376, 0.1227 0 -0.9924, -0.1227 0 -0.9924,
-0.3477 0 -0.9376, 0.2531 0.2047 -0.9455, 0.1308 0.4233
-0.8965, 0 0.2116 -0.9773, 0 0.6142 -0.7891, -0.1308
0.4233 -0.8965, -0.2531 0.2047 -0.9455, 0.6511 O
-0.7501, 0.9773 0 -0.2116, 0.8965 0 -0.4233, 0.9455
0. 2531 -0.2047, 0.8965 0.1308 -0.4233, 0.7891 0 -0.6142,
-0.6511 0 -0.7501, -0.7891 0 -0.6142, -0.8965 0.1308
-0.4233, -0.8965 0 -0.4233, -0.9455 0.2531 -0. 2047,
-0.9773 0 -0.2116' />

[eleoNeoNojoNaoNoly

</ | ndexedFaceSet >
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</ Shape>
<Transformscale=".1 .1 .1'>

<l nline
url=""../../Comruni cati onsAndSensor s/ Omi Di recti onal / Li ght ni ngBol t.w "
"../../Conmmuni cati onsAndSensor s/ Omi Di recti onal / Li ghtni ngBol t.xm "' />

</ Transf or n»
<Transformrotation="0 1 0 3.14" scale=".1 .1 .1'>

<l nline
url=""../../Comruni cati onsAndSensor s/ Omi Di recti onal / Li ght ni ngBol t . wr "
"../../ComunicationsAndSensors/ Omi Directional/LightningBolt.xm""'/>

</ Tr ansf or m»
<Scri pt DEF=' Cal cul at eCol or Scheme MEDAL' >

<l-- inputUnits are 'feet' or 'meters' - heightValuesQutput is always in
nmeters. -->
<field nanme='frequency' type='Integer' vrm97H nt="field />
<field nane="diffuseCol or' type='Color' vrm 97Hi nt="eventQut'/>
<field nane='emni ssiveColor' type='Color' vrm 97Hi nt="eventQut'/>
<field name='shininess' type='Float' vrm 97H nt="eventQut'/>
<field nane='anbientintensity' type='Float' vrm 97H nt="eventQut'/>
<field nane='transparency' type='Float' vrm 97H nt="eventQut'/>

<! [ CDATA[
javascript:

function initialize ()

{

/'l this depth band defined to match fathons to 60 feet, then 10' increnents,
MEDAL

doesn't match

dept hBand = new MFFl oat (3000, 30000, 300000, 3000000, 30000000, 300000000, 3000000000);

transparency = .65;
/1 frequency(200000000) ;

br own = new SFColor (0.2, 0.2, 0);
white = new SFCol or (1, 1, 1);
red = new SFColor (1, 0, 0);
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redEni ss
or ange
yel | ow
green
cyan

bl ue
magent a
nmar oon
tan

seaG een
sl at eBl ue
navyBl ue
grey

sl ateG ey
skyBl ue
olive

bl ack

new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or

[1print('frequency

(1, 0, 0) ;

(1, .529, 0);

(1, 1, 0);

(0, 1, 0);

(0, 1, 1);

(0, 0, 1);

(1, 0, 1);

(0.561, 0, 0.322);
(0.871, 0.721, 0.529);
(0.322, 0.584, 0.517);
(0.494, 0.533, 0.671);
(0.137, 0.137, 0.459);
(0.5, 0.5, 0.5);
(0.439, 0.502, 0.565);
(0.6, 0.6, 1.0);

(0.1, 0.4, 0);

(0.1, 0.1, 0.1);

+f r equency)

frequencyVal ue = frequency
print('frequency

else i

el se

el se i

el se

el se

el se

el se

(frequencyVal ue < depthBand[1]) {

(frequencyVal ue
(frequencyVal ue
(frequencyVal ue
(frequencyVal ue
(frequencyVal ue

(frequencyVal ue

N

N

N

N

N

dept hBand[ 2]) {
dept hBand[ 3] ) {
< depthBand[4]) {

dept hBand[ 5] ) {

= ' +frequencyVal ue)

di f f useCol or

em ssi veCol or

di f fuseCol or

em ssi veCol or

di f fuseCol or

em ssi veCol or

di f f useCol or

em ssi veCol or

di f fuseCol or

em ssi veCol or
depthBand[ 6]) { diffuseCol or
em ssi veCol or
dept hBand[ 7] ) { diffuseCol or

= brown;

= brown; }
= cyan;

= cyan; }
= red;

= redEm ss

= grey,

= grey; }
yel | ow;
yel l ow; }
tan;

= tan; }

= orange;

em ssi veCol or = orange;

di ffuseCol or = bl ack;

}

’
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eni ssiveCol or = bl ack;
transparency = 0 ; }

print('color ="' +diffuseColor) ;
}
}
11>
</ Scri pt>

</ G oup>

<R(1JTEpfronNode:' Cal cul at eCol or ScheneMEDAL' fronFi el d="di ffuseCol or' toNode='nmterial"
toFi el d="di ffuseColor'/>

<RQUTE fronNode="' Cal cul at eCol or ScheneMEDAL' fronFi el d='transparency' toNode='material'
toFi el d="transparency' />

<ROUTE fromNode=" Cal cul at eCol or SchemeMEDAL' fronFi el d=' em ssi veCol or'
toNode='material' toField="emssiveColor'/>

</ Pr ot oDecl ar e>
<Backgr ound groundAngl e=' 1. 57079' groundColor="1 0.8 0.6, 0.6 0.4 0.2' skyAngle='"0.2" skyColor="11 1, 0.2
0.2 1/>
<Navi gati onl nfo type='""EXAM NE" "ANY"'/>
<Prot ol nstance nane=' Omi Transm tter'>
<fi el dval ue name='frequency' val ue="100000"/>

</ Prot ol nst ance>
<Wrldinfo titl e=" Geodesi c Hemi sphere Order 4, radius 1m/>

</ Scene>
</ X3D>

<I-- Tag col or codes: <NodeNane attribute='value' /> -->



D. OMNI DIRECTIONAL EXAMPLE

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLIC "http://ww. web3D. or g/ TaskG oups/ x3d/ transl at i on/ x3d- conpact . dt d"
"file://local host/C./ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dtd" >

<X3D>
<Header >

<nmeta nanme='fil ename' content="QOmi Exanpl e.xm "' />

<neta nane='author' content='M ke Hunsberger'/>

<neta name='created' content='4 June 2001'/>

<neta nanme='revised content='12 June 2001'/>

<meta nanme='description' content="Omi Directional Antenna Dones. Several are shown in the process of
transmtting and receiving.'/>
<neta nane="url'

content =" http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ exanpl es/ M | i t ar yModel s/ Conmuni cat i onsAndSensor s/ Omi Di recti onal /
£ Omi Exanpl e. xni ' / >
o)}
<meta nanme='generator' content='X3D Edit,

http://ww. web3D. or g/ TaskG oups/ x3d/ t ransl ati on/ README. X3D-Edit. htm '/ >

</ Header >
<Scene>
<! -- Produce wireframe or transparent beam cylinders. Typical uses include propeller/thruster water flow or
i ne-of -sight sonar/radar/light beans. Negative range val ues invert base and apex at same relative.:
| ocation Default beamwi th apex at (0,0,0) and base of radius 1 in x-z plane at (1,0,0). -->
<Ext er nPr ot oDecl are name=" UHFRecei ver' nodeTypeH nt="Transform
url="../../Comuni cati onsAndSensors/ Omi Di recti onal / Omi Recei ver Prototype. w|"' >

<field nanme='frequency' type='Integer' vrm 97H nt="field />

</ Ext er nPr ot oDecl ar e>
<Ext er nPr ot oDecl are nane=' UHFTransmitter' nodeTypeH nt="Transform
url="../../Comruni cati onsAndSensors/ Omi Directi onal /Omi Transm tterPrototype. wl'>
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<field name='frequency' type='Integer' vrm 97Hint="field />

</ Ext er nPr ot oDecl ar e>
<l -- Viewabl e geonetry for this scene -->

<Wrldlnfo info="Produce wirefrane or transparent beam cylinders' title="BeanCylinderPrototype'/>

<Navi gationl nfo type=""EXAM NE" "ANY"'/>
<Vi ewpoi nt description="Signals' position='5 5 30'/>
<Background groundAngl e='1.57079' groundColor="1 0.8 0.6, 0.6 0.4 0.2' skyAngle='0.2
0.2 1'/>
<G oup>
<Transformscale='5 5 5" translation='-20 0 -25'>
<Pr ot ol nst ance nane=' UHFRecei ver' >
<fi el dval ue name='frequency' val ue='3500000'/>

</ Pr ot ol nst ance>

</ Tr ansf or >
<Transformscale='5 5 5' translation="-15 0 -25'>

<Pr ot ol nstance nanme=' UHFTransm tter' >
<fiel dVal ue name='frequency' val ue='40000'/>
</ Pr ot ol nst ance>

</ Tr ansf or n»
<Transform scal e=' 25 25 25' translation="-150 0 -60' >

<Pr ot ol nst ance nane=' UHFRecei ver' >
<fi el dval ue name='frequency' val ue=' 35000000' / >
</ Pr ot ol nst ance>

</ Tr ansf or n»
<Transform scal e=' 25 25 25' translation="70 0 70' >

<Pr ot ol nst ance nane=' UHFTransm tter' >

skyColor="11 1, 0.2
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<fi el dval ue name='frequency' val ue='35000000'/>

</ Pr ot ol nst ance>

</ Tr ansf or n»
<Transformscale='5 5 5' translation="250 0 40' >

<Pr ot ol nst ance nanme=' UHFRecei ver' >

<fi el dval ue name='frequency' val ue='40000'/>

</ Pr ot ol nst ance>

</ Tr ansf or n»
<Transformscale='5 5 5' translation='"260 0 -60'>

<Pr ot ol nst ance nane=' UHFRecei ver' >

<fi el dval ue nanme='frequency' val ue=' 3500000' />

</ Prot ol nst ance>

</ Tr ansf or >

</ Group>
</ Scene>
</ X3D>>

<I-- Tag col or codes:

<NodeNane attribute='value' /> -->



E. OMNI DIRECTIONAL RECEIVER WITH DISTRIBUTED INTERACTIVE SIMULATION (DIS) INTEGRATION

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLIC "http://ww. web3D. or g/ TaskG oups/ x3d/ transl at i on/ x3d- conpact . dt d"
"file://local host/C:./ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dtd" >

<X3D>
<Header >

<nmeta nanme='fil ename' content="0Omi Recei ver Prototype.xm"'/>

<neta nane='author' content='M ke Hunsberger'/>

<nmeta name='created' content='26 Mar 2001'/>

<meta nanme='nodi fied" content='22 May 2001'/>

<meta nane='description' content="Omi Directional Signal Dome Proto controlled by input frequency'/>
<meta nanme='url’

content =" http://ww. web3D. or g/ Wr ki ngG oups/ vrt p/ deno/ hel i copt er/ Omi Di recti onal DoneFr equencyCont r ol | edPROTO. xmi ' / >

B <meta name='generator' content="X3D Edit,

© http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ READVE. X3D-Edit. htm ' / >
</ Header >
<Scene>

<Pr ot oDecl ar e nane=' Omi Recei ver' >

<field nane='em ssiveColor' type="Color' value="0 .8 0' IS="naterial.emn ssiveCol or'

vrm 97Hi nt =" eventlIn' />

<field nane='frequency' type='Integer' val ue='150000'

| S=' Cal cul ateCol or SchenmeMEDAL. frequency' vrm 97Hint="field' />

<field name='shininess' type='"Float' value=".72" |IS="naterial.shininess'" vrm97H nt="field />
<field name='"anbi entlntensity' type=' Float' value="0.372549" |S="material.anbientlntensity’

vrm 97Hi nt="field />

<field nane='transparency' type='Float' value='.85 |S="naterial.transparency' vrm 97Hint="field' />
<G oup>

<Tr ansf or m DEF=' DoneTr ansf or m >
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<Shape>
<Appear ance>
<Materia

</ Appear ance>

<I ndexedFaceSet creaseAngle=".01'

coor dl ndex='0,
7, 8 -1, 5, 8,
-1, 9, 13, 14,
-1, 13, 18, 19,

8, 5 -1, 6, 11, 7, -1,

-1, 11, 17, 12,
-1, 22, 24, 25,
-1, 26, 29, 30,
-1, 30, 34, 35,
9, 14, -1, 35,

29, 26, -1, 27, 32, 28,

2, 32, -1, 32, 5, 33,

22, -1, 36, 37, 38,
41, -1, 24, 41, 27,

0, -1, 36, 38, 22,

41, -1, 41, 43, 27,

47, -1, 16, 47,
18, -1, 48, 51,
19, -1, 51, 55,
59, -1, 19, 59,
17, -1, 48, 52,
52, -1, 52, 57,
45, -1, 45, 61,
65, -1, 48, 65,
55, -1, 60, 61,
48, -1, 64, 67,
71, -1, 56, 71,
58, -1, 72, 75,
59, -1, 75, 79,
83, -1, 59, 83,
57, -1, 72, 76,
76, -1, 76, 81,
69, -1, 84, 85,
89, -1, 70, 89,

DEF='"material ' />

sol i d='f al se'

1, 2, -1, 1, 3, 4, -1, 2, 4, 5, -1, 3, 6, 7, -1, 4,
9 -1, 6, 10, 11, -1, 7, 11, 12, -1, 8, 12, 13,
-1, 10, 15, 16, -1, 11, 16, 17, -1, 12, 17, 18,
-1, 14, 19, 20, -1, 1, 4, 2, -1, 3, 7, 4, -1, 4,
7, 12, 8, -1, 8, 13, 9, -1, 10, 16, 11,
-1, 12, 18, 13, -1, 13, 19, 14, -1, 21, 22, 23,
-1, 23, 25, 26, -1, 24, 27, 28, -1, 25, 28, 29,
-1, 27, 31, 32, -1, 28, 32, 33, -1, 29, 33, 34,
-1, 31, 0, 2, -1, 32, 2, 5, -1, 33, 5 9, -1, 34,
14, 20, -1, 22, 25, 23, -1, 24, 28, 25, -1, 25,
-1, 28, 33, 29, -1, 29, 34, 30, -1, 31,
-1, 33, 9, 34, -1, 34, 14, 35, -1, 21, 36,
-1, 22, 38, 24, -1, 37, 39, 40, -1, 38, 40,
-1, 41, 42, 43, -1, 27, 43, 31, -1, 31, 44,
-1, 37, 40, 38, -1, 38, 41, 24, -1, 40, 42,
-1, 43, 44, 31, -1, 15, 45, 16, -1, 45, 46,
17, -1, 46, 48, 49, -1, 47, 49, 50, -1, 17, 50,
52, -1, 49, 52, 53, -1, 50, 53, 54, -1, 18, 54,
56, -1, 52, 56, 57, -1, 53, 57, 58, -1, 54, 58,
20, -1, 45, 47, 16, -1, 46, 49, 47, -1, 47, 50,
49, -1, 49, 53, 50, -1, 50, 54, 18, -1, 51, 56,
53, -1, 53, 58, 54, -1, 54, 59, 19, -1, 15, 60,
46, -1, 61, 62, 63, -1, 46, 63, 48, -1, 63, 64,
51, -1, 64, 66, 67, -1, 65, 67, 68, -1, 51, 68,
45, -1, 61, 63, 46, -1, 62, 64, 63, -1, 63, 65,
65, -1, 65, 68, 51, -1, 55, 69, 56, -1, 69, 70,
57, -1, 70, 72, 73, -1, 71, 73, 74, -1, 57, 74,
76, -1, 73, 76, 77, -1, 74, 77, 78, -1, 58, 78,
80, -1, 76, 80, 81, -1, 77, 81, 82, -1, 78, 82,
20, -1, 69, 71, 56, -1, 70, 73, 71, -1, 71, 74,
73, -1, 73, 77, 74, -1, 74, 78, 58, -1, 75, 80,
77, -1, 77, 82, 78, -1, 78, 83, 59, -1, 55, 84,
86, -1, 69, 86, 70, -1, 85, 87, 88, -1, 86, 88§,
72, -1, 87, 90, 91, -1, 88, 91, 92, -1, 89, 92,
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93, -1, 72, 93, 75, -1, 90, 94, 95, -1, 91, 95, 96, -1, 92, 96,

97, -1, 93, 97, 98, -1, 75, 98, 79, -1, 84, 86, 69, -1, 85, 88

86, -1, 86, 89, 70, -1, 87, 91, 88, -1, 88, 92, 89, -1, 89, 93

72, -1, 90, 95, 91, -1, 91, 96, 92, -1, 92, 97, 93, -1, 93, 98

75, -1, 79, 99, 80, -1, 99, 100, 101, -1, 80, 101, 81, -1,

100, 102, 103, -1, 101, 103, 104, -1, 81, 104, 82, -1, 102,

105, 106, -1, 103, 106, 107, -1, 104, 107, 108, -1, 82, 108,

83, -1, 105, 21, 23, -1, 106, 23, 26, -1, 107, 26, 30, -1,

108, 30, 35, -1, 83, 35, 20, -1, 99, 101, 80, -1, 100, 103,

101, -1, 101, 104, 81, -1, 102, 106, 103, -1, 103, 107, 104,

-1, 104, 108, 82, -1, 105, 23, 106, -1, 106, 26, 107, -1,

107, 30, 108, -1, 108, 35, 83, -1, 79, 109, 99, -1, 109, 110,

111, -1, 99, 111, 100, -1, 110, 112, 1183, -1, 111, 113, 114,

-1, 100, 114, 102, -1, 112, 115, 116, -1, 113, 116, 117, -1,

114, 117, 118, -1, 102, 118, 105, -1, 115, 119, 120, -1,

116, 120, 121, -1, 117, 121, 122, -1, 118, 122, 123, -1,

105, 123, 21, -1, 109, 111, 99, -1, 110, 113, 111, -1, 111,

114, 100, -1, 112, 116, 113, -1, 113, 117, 114, -1, 114,
118, 102, -1, 115, 120, 116, -1, 116, 121, 117, -1, 117,
122, 118, -1, 118, 123, 105, -1, 119, 115, 124, -1, 115,
112, 128, -1, 124, 128, 125, -1, 112, 110, 129, -1, 128,
129, 130, -1, 125, 130, 126, -1, 110, 109, 131, -1, 129,
131, 1382, -1, 130, 132, 1833, -1, 126, 133, 127, -1, 109, 79
98, -1, 131, 98, 97, -1, 132, 97, 96, -1, 133, 96, 95, -1,

127, 95, 94, -1, 115, 128, 124, -1, 112, 129, 128, -1, 128,

130, 125, -1, 110, 131, 129, -1, 129, 132, 130, -1, 130,

133, 126, -1, 109, 98, 131, -1, 131, 97, 132, -1, 132, 96,

133, -1, 133, 95, 127, -1, 39, 37, 135, -1, 37, 36, 137, -1,

135, 137, 138, -1, 136, 138, 139, -1, 36, 21, 123, -1, 137,

123, 122, -1, 188, 122, 121, -1, 139, 121, 120, -1, 134,

120, 119, -1, 37, 137, 135, -1, 135, 138, 136, -1, 36, 123

137, -1, 137, 122, 138, -1, 138, 121, 139, -1, 139, 120,

134, -1, 94, 90, 140, -1, 90, 87, 141, -1, 87, 85, 142, -1,

141, 142, 143, -1, 85, 84, 144, -1, 142, 144, 145, -1, 84

55, 68, -1, 144, 68, 67, -1, 145, 67, 66, -1, 90, 141, 140

-1, 87, 142, 141, -1, 85, 144, 142, -1, 142, 145, 143, -1,

84, 68, 144, -1, 144, 67, 145, -1'>

<Coor di nat e poi nt="0.5257 0 0.8507, 0.3477 0
0.9376, 0.4636 0.1875 0.866, 0.1227 0
0.9924, 0.2531 0.2047 0.9455, 0.368 0.397
0.8408, -0.1227 0 0.9924, 0 0.2116 0.9773,
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0.1308 0.4233 0.8965, 0.2453 0.5955 0. 765
-0.3477 0 0.9376, -0.2531 0.2047 0.9455
-0.1308 0.4233 0.8965, 0 0.6142 0.7891,
0.1159 0.7501 0.6511, -0.5257 0 0.8507
-0.4636 0.1875 0.866, -0.368 0.397 0.8408,
- 0.2453 0.5955 0.765, -0.1159 0.7501
0.6511, 0 0.8507 0.5257, 0.8507 0.5257 0
0.866 0.4636 0.1875, 0.7501 0.6511 0.1159,
. 8408 0.368 0.397, 0.7408 0.5844 0.3313
.5955 0. 765 0.2453, 0.765 0.2453 0.5955,

. 6849 0.4732 0.5541, 0.5541 0.6849 0.4732

.397 0.8408 0.368, 0.6511 0.1159 0.7501,

5844 0.3313 0. 7408, 0.4732 0.5541 0.6849

3313 0. 7408 0.5844, 0.1875 0.866 0.4636

9376 0.3477 0, 0.9924 0.1227 0, 0.9455

2531 0.2047, 0.9924 0 0, 0.9773 0 0.2116

8965 0.1308 0.4233, 0.8965 0 0.4233,

. 7891 0 0.6142, 0.6511 0 0.7501, -0.6511
0. 1159 0.7501, -0.765 0.2453 0.5955
-0.5844 0.3313 0.7408, -0.8408 0.368 0.397,
-0.6849 0.4732 0.5541, -0.4732 0.5541
0.6849, -0.866 0.4636 0.1875, -0.7408
0.5844 0.3313, -0.5541 0.6849 0.4732
-0.3313 0. 7408 0.5844, -0.8507 0.5257 0,

-0.7501 0.6511 0.1159, -0.5955 0.765

0. 2453, -0.397 0.8408 0.368, -0.1875 0. 866

0.4636, -0.6511 0 0.7501, -0.7891 0 0.6142

-0.8965 0 0.4233, -0.8965 0.1308 0.4233,

-0.9773 0 0.2116, -0.9455 0.2531 0. 2047,

-0.9924 0 0, -0.9924 0.1227 0, -0.9376

0.3477 0, -0.7501 0.6511 -0.1159, -0.5955

0.765 -0.2453, -0.6142 0.7891 0, -0.397

0. 8408 -0.368, -0.4233 0.8965 -0.1308,

-0.4233 0.8965 0.1308, -0.1875 0. 866

-0.4636, -0.2047 0.9455 -0.2531, -0.2116

0.9773 0, -0.2047 0.9455 0.2531, 0 0.8507

-0.5257, 0 0.9376 -0.3477, 0 0.9924 -0. 1227

0 0.9924 0.1227, 0 0.9376 0.3477, -0.866

0.4636 -0.1875, -0.8408 0.368 -0.397,

-0.7408 0.5844 -0.3313, -0.765 0.2453

-0.5955, -0.6849 0.4732 -0.5541, -0.5541

0.6849 -0.4732, -0.6511 0.1159 -0. 7501,

0000000000
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-0.5844 0.3313 -0.7408, -0.4732 0.5541

-0.6849, -0.3313 0.7408 -0.5844, -0.5257 0

-0.8507, -0.4636 0.1875 -0.866, -0.368 0.397

- 0.8408, -0.2453 0.5955 -0.765, -0.1159

0. 7501 -0.6511, 0.1875 0.866 -0.4636, 0.397

0. 8408 -0.368, 0.2047 0.9455 -0. 2531,

0. 5955 0. 765 -0.2453, 0.4233 0.8965

-0.1308, 0.2116 0.9773 0, 0.7501 0.6511

-0.1159, 0.6142 0.7891 0, 0.4233 0.8965

0.1308, 0.2047 0.9455 0.2531, 0.1159 0.7501

- 0.6511, 0.2453 0.5955 -0.765, 0.3313

0. 7408 -0.5844, 0.368 0.397 -0.8408, 0.4732

0.5541 -0.6849, 0.5541 0.6849 -0.4732,

0.4636 0.1875 -0.866, 0.5844 0.3313

-0.7408, 0.6849 0.4732 -0.5541, 0.7408

0. 5844 -0.3313, 0.5257 0 -0.8507, 0.6511

0. 1159 -0.7501, 0.765 0.2453 -0.5955,

0.8408 0.368 -0.397, 0.866 0.4636 -0.1875
0.3477 0 -0.9376, 0.1227 0 -0.9924, -0.1227
0 -0.9924, -0.3477 0 -0.9376, 0.2531 0.2047
- 0.9455, 0.1308 0.4233 -0.8965, 0 0.2116
-0.9773, 0 0.6142 -0.7891, -0.1308 0.4233
-0.8965, -0.2531 0.2047 -0.9455, 0.6511 0
-0.7501, 0.9773 0 -0.2116, 0.8965 0 -0.4233

0. 9455 0. 2531 -0.2047, 0.8965 0.1308

-0.4233, 0.7891 0 -0.6142, -0.6511 O

-0.7501, -0.7891 0 -0.6142, -0.8965 0.1308

-0.4233, -0.8965 0 -0.4233, -0.9455 0. 2531

-0.2047, -0.9773 0 -0.2116'/>

</ | ndexedFaceSet >
</ Shape>

</ Transf or n»

<Recei ver Pdu DEF=' RECElI VER address='224.2.181. 145" applicationl D='1'
entitylD="1" port='62040" readlnterval =1 sitelD="0" whichGeonetry="'0"/>
<Scri pt DEF=' Cal cul at eCol or Scheme MEDAL' >

<l-- inputUnits are 'feet' or 'meters' - heightValuesQutput is always in
neters. -->

<field name='frequency' type='Integer’' vrm 97H nt="field />
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<field nanme='diffuseCol or'
<field nane='em ssi veCol or'
<fi el d nanme='shi ni ness
<field nane=' anbi entlntensity'
<field nane='transparency

<! [ CDATA[
javascript:

function initialize ()

{

type=' Col or'
type=' Col or'
t ype=' Fl oat

t ype=' Fl oat

type='Fl oat"'

vrm 97H nt ="' eventQut' />
vrm 97Hi nt =' eventQut ' / >
vrm 97Hi nt =" eventQut' />

vrm 97Hi nt =" eventQut' />
vrm 97Hi nt =" event Qut' />

/1 depth band defined to match fathons to 60 feet,

dept hBand

br own
white
red
redEm ss
or ange
yel | ow
green
cyan
bl ue
magent a
mar oon
tan
seaG een
sl at eBl ue
navyBl ue
grey
sl ateG ey
skyBl ue
olive
bl ack

new M-Fl oat (3000
transparency = .65;
/1 frequency(200000000)

30000, 300000, 3000000, 30000000, 300000000, 3000000000);

new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or

new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or

[lprint('frequency

(1,
(0,
(o,

871, 0.721,
322, 0.584,
494, 0.533,

. 137, 0.137,

.5, 0.5,
439, 0.502,
6, 0.6, 1.0);

.1, 0.4, 0);

1, 0.1, 0.1);

+f requency)

ococoooo

(0.2, 0.2, 0);
(1, 1, 1);
(1, 0, 0);
(1, 0, 0) ;
(1, .529, 0);
1, 0);
1, 0);
1, 1);
0, 1);
0, 1);
.561, 0, 0.322);

.529);
.517);

671);
459) ;
5);

565) ;

increnents, doesn't match MEDAL
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frequencyVal ue = frequency ;

print (' frequency = ' +frequencyVal ue) ;
{
i f (frequencyVal ue < depthBand[1]) { diffuseCol or = brown;
em ssiveCol or = brown; }
else if (frequencyVal ue < depthBand[2]) { diffuseCol or = cyan;
em ssi veCol or = cyan; }
else if (frequencyVal ue < depthBand[3]) { diffuseColor = red;
em ssiveCol or = redEm ss ; }
else if (frequencyValue < depthBand[4]) { diffuseColor = grey;
em ssiveCol or = grey; }
else if (frequencyVal ue < depthBand[5]) { diffuseColor = yellow
em ssiveCol or = yellow }
else if (frequencyVal ue < depthBand[6]) { diffuseColor = tan;
em ssiveCol or = tan; }
else if (frequencyVal ue < depthBand[7]) { diffuseCol or = orange;
em ssi veCol or = orange; }
el se { di ffuseCol or = bl ack;
em ssi veCol or = bl ack;
transparency = 0 ; }
print('color ="' +diffuseCol or) ;
}
}
11>
</ Scri pt>

<Script DEF='TransnitScript'>

<field nane='transState' type='Integer' vrm 97H nt="eventlin'/>
<field name='size' type='Vector3Float' vrm 97Hi nt="eventQut'/>

<! [ CDATA[
javascript:

function initialize ()

{
size = new SFVec3f(1, 1, 1) ;
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print('TransmitScript initialize() conplete') ;
}

/1 function nane matches eventln variable name (' hour')
/1 hourVal ue captures the new val ue of the ROUTE hour event
/!l minutes is just the current field val ue

function transState (newval ue, tinestanp)
{ transm t State = newval ue ;
if (transmtState == 2) {
si ze[ 0] 10;
size[ 1] 10;
si ze[ 2] 10;

else if (transmitState == 1) {
size[0] = 2;
size[l] = 2;
size[2] = 2;
}
el se {
si ze[ 0]
si ze[ 1]
si ze[ 2]

nnon
aag

}
print('size ="' + size) ;

}

11>
</ Scri pt>

</ Gr oup>

<ROUTE fronMNode=" Cal cul at eCol or SchemeMEDAL' fronFi el d='di ffuseCol or' toNode='nmaterial"’

toFi el d="di ffuseCol or' />

<RQUTE fronNode="' Cal cul at eCol or SchemeMEDAL' fronFi el d='transparency’ toNode=' material’

t oFi el d=' transparency' />

<ROUTE fromNode=" Cal cul at eCol or SchemeMEDAL' fronFi el d=' em ssi veCol or'

toNode="material' toFiel d="em ssiveColor'/>

<ROUTE fromNode=' RECEI VER fronfFi el d="receiverState' toNode=' Transm tScript'
toField="transState' />

<ROUTE fronNode="Transmi t Scri pt' fronFi el d="size' toNode='DoneTransform toField="scale'/>
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</ Pr ot oDecl ar e>
<Pr ot ol nst ance nane=' Omi Recei ver' >

<fi el dval ue nanme='frequency' val ue='100000'/>

</ Pr ot ol nst ance>
<Wrldinfo titl e=' Geodesi ¢ Heni sphere O der 4,

</ Scene>
</ X3D>
<l-- Tag color codes: <NodeNane attribute='"value' /> -->

radius 1nl/>



F. OMNI DIRECTIONAL TRANSMITTER WITH DISTRIBUTED INTERACTIVE SIMULATION (DIS) INTEGRATION

<?xm version="1.0" encodi ng="UTF-8""?>
<I DOCTYPE X3D PUBLI C "http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/transl ati on/ x3d- conpact . dt d" >

<X3D>
<Header >

<meta nanme='fil enanme' content="Omi TransmitterPrototypeWthD S.xm"'/>
<neta nane=" aut hor' content='M ke Hunsberger'/>
<meta nanme='created' content='26 Mar 2001'/>
<meta nanme='nodi fied" content='22 May 2001'/>
<met a name='description' content="Omi D rectional Signal Donme Proto controlled by input frequency'/>
<neta nane='url'
=
%cont ent="http://ww. web3D. or g/ Wr ki ngGr oups/ vrt p/ deno/ hel i copt er/ Omi Di recti onal DomreFr equencyCont r ol | edPROTO. xmi ' / >
<meta nanme=' generator' content='X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ README. X3D-Edit. html '/ >

</ Header >
<Scene>

<Pr ot oDecl are nane='" Omi Transm tter' >

<field name='em ssiveCol or' type='Color' value="0 .8 0' |IS="material.enissiveColor'

vrm 97Hi nt =" eventIn' />

<field name='frequency' type='Integer' val ue=' 150000

| S=' Cal cul at eCol or SchemeMEDAL. frequency' vrm 97Hint="field' />

<field nane='shi niness' type='Float' value='".72" |IS="material.shininess' vrm97H nt="field />
<field nane="anbientintensity' type='"Float' value="0.372549" |S="material.anbientintensity’

vrm 97Hi nt="field />

<field name='transparency' type='Float' value='.85 |S="naterial.transparency' vrm 97Hint="field />
<field nane=' address' type='String' value='224.2.181.145" | S='" RECEl VER. addr ess'
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vrm 97Hi nt="field />

<field nane='port' type='Integer' value='62040" |S="RECElI VER port' vrm 97H nt="field />
<field nane="sitelD type='Integer' value='0" |S="RECEIVER sitelD vrm97H nt="field />
<field name="applicationlD type='Integer' value="1" |S="RECEI VER applicationlD

vim 97Hi nt="field' />

<field nanme="entitylD type='Integer' value="1" |S="RECEIVER entitylD vrm97H nt="field />
<G oup>

<Transf or m DEF=' DoneTr ansf orni >
<Shape>
<Appear ance>

<Material DEF="material'/>

</ Appear ance>
<I ndexedFaceSet creaseAngle='.01" solid=" false'
coordlndex='0, 1, 2, -1, 1, 3, 4, -1, 2, 4, 5, -1, 3, 6, 7, -1, 4,
7, 8 -1, 5, 8 9 -1, 6, 10, 11, -1, 7, 11, 12, -1, 8, 12, 13,
-1, 9, 13, 14, -1, 10, 15, 16, -1, 11, 16, 17, -1, 12, 17, 18,
-1, 13, 18, 19, -1, 14, 19, 20, -1, 1, 4, 2, -1, 3, 7, 4, -1, 4,
8, 5 -1, 6, 11, 7, -1, 7, 12, 8, -1, 8, 13, 9, -1, 10, 16, 11,
-1, 11, 17, 12, -1, 12, 18, 13, -1, 13, 19, 14, -1, 21, 22, 23,
-1, 22, 24, 25, -1, 23, 25, 26, -1, 24, 27, 28, -1, 25, 28, 29,
-1, 26, 29, 30, -1, 27, 31, 32, -1, 28, 32, 33, -1, 29, 33, 34,
-1, 30, 34, 35, -1, 31, 0, 2, -1, 32, 2, 5, -1, 33, 5 9, -1, 34,
9, 14, -1, 35, 14, 20, -1, 22, 25, 23, -1, 24, 28, 25, -1, 25,
29, 26, -1, 27, 32, 28, -1, 28, 33, 29, -1, 29, 34, 30, -1, 31,
2, 32, -1, 32, 5, 33, -1, 33, 9, 34, -1, 34, 14, 35, -1, 21, 36
22, -1, 36, 37, 38, -1, 22, 38, 24, -1, 37, 39, 40, -1, 38, 40,
41, -1, 24, 41, 27, -1, 41, 42, 43, -1, 27, 43, 31, -1, 31, 44,
o, -1, 36, 38, 22, -1, 37, 40, 38, -1, 38, 41, 24, -1, 40, 42
41, -1, 41, 43, 27, -1, 43, 44, 31, -1, 15, 45, 16, -1, 45, 46,
47, -1, 16, 47, 17, -1, 46, 48, 49, -1, 47, 49, 50, -1, 17, 50,
18, -1, 48, 51, 52, -1, 49, 52, 53, -1, 50, 53, 54, -1, 18, 54,
19, -1, 51, 55, 56, -1, 52, 56, 57, -1, 53, 57, 58, -1, 54, 58,
59, -1, 19, 59, 20, -1, 45, 47, 16, -1, 46, 49, 47, -1, 47, 50,
17, -1, 48, 52, 49, -1, 49, 53, 50, -1, 50, 54, 18, -1, 51, 56,
52, -1, 52, 57, 53, -1, 53, 58, 54, -1, 54, 59, 19, -1, 15, 60,
45, -1, 45, 61, 46, -1, 61, 62, 63, -1, 46, 63, 48, -1, 63, 64,
65, -1, 48, 65, 51, -1, 64, 66, 67, -1, 65, 67, 68, -1, 51, 68,
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93,
97,
86,
72,
75,
100,

105, 106,

83,

-1,
102

-1,

93,
86,
90,
79,

93,
97,
89,
95,
99,

, 103,

108, 30,

101,
-1,

-1,
104,

107, 30,

111,
-1,

114,
116,
105,
114,
118,
122,
112,
129,
131,
98,

127,
130,
133,
133,
135,
123,
120,
137,

117
120
123
100
102
118
128
130
132
-1,

125
126
-1,

137
122
119
-1,

-1,
100,

35,

101,
108, 82,
108,

99,

, 118,
, 121,

, 21,
» -1
» -1
» -1
» -1,
» -1
- 1,

133, 95,

-1,

, 138,
, -1, 138, 122, 121,

, -1, 37,
137,

75,
98,
70,
91,
80,

-1,
-1, 103, 106, 107,
105, 21, 23, -1,
-1, 83, 35, 20,
104, 81,
-1, 105, 23, 106,
108, 35, 83,
100, -1,
114, 102, -1, 112,
-1,
-1,
-1,
112,
115,
118,
124,
125,
130,
131, 98, 97, -1,
95, 94,

-1,
111,

-1, 90,
-1, 75,
-1, 87,
-1, 91,
-1, 99,
101, 108,

-1,

94,
98,
91,
96,
100,

95, -1, 91,
79, -1, 84,
88, -1, 88,

92, -1,

101,

104, -1,

-1,

110,
115,

-1,
102,

104,

106, 23, 26,

-1, 79,
112,
116,

102, 118, 105, -1,
122, -1,

117, 121,

109, 111,

116, 113,
120, 116,
123, 105,
128, 125,
130, 126,
132, 1383,

99,

-1,

115, 128, 124,
, -1, 110, 131, 129,
, -1, 109, 98, 131,

-1,

122,

127,

136, 138,

137, 135,

138, -1,

-1,
-1,

-1, 110,

113,
116,
119,
112,
110,
126,

132, 97, 96,
-1, 112,

129,

131, 97,
-1, 39, 37, 1835,

139, -1,

-1,
-1,
138,

139,
135,
121,

99,
106,

138,

92,

95,
86,
92,
97,

96,
69,
89,
93,

-1, 92,
-1, 85,
-1, 89,
-1, 93,

-1, 80, 101, 81, -1,
81, 104, 82,

107,

108,

-1,

-1, 102,
82, 108,

-1, 107, 26, 30, -1,
100, 103,

101, 80,
103,

-1,

113,
-1,

115,
118,

117,
121,
115,
110,
109,
133,

113,

119,
122,

114,
117,
124,
129,
131,
127,

-1,
-1, 103, 107,
106, 26, 107, -1,
-1, 109, 110,
-1, 111, 113,
113,

109, 99,

116, 117,
120, -1,
123, -1,

111,

-1,

-1,

-1, 111,
114,
117,
115,
128,
129,
109, 79,

-1, 133, 96, 95, -1,

132,

121,

139,

129,

132,
-1, 37, 36,
36, 21,

130,

120,

136,

-1,

-1,

128,

-1,

123,

-1,

-1, 128,
130,

132, 96,

137, -1,
-1, 137,
134,

-1, 36, 123,
139, 120,

104,

114,
-1,
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134, -1, 94, 90, 140, -1, 90, 87, 141, -1, 87, 85, 142, -1,
141, 142, 143, -1, 85, 84, 144, -1, 142, 144, 145, -1, 84

55, 68, -1, 144, 68, 67, -1, 145, 67, 66, -1, 90, 141, 140,
-1, 87, 142, 141, -1, 85, 144, 142, -1, 142, 145, 143, -1,

84, 68, 144, -1, 144, 67, 145, -1'>

<Coor di nate poi nt="0.5257 0 0.8507, 0.3477 0
0.9376, 0.4636 0.1875 0.866, 0.1227 0
0.9924, 0.2531 0.2047 0.9455, 0.368 0.397
0.8408, -0.1227 0 0.9924, 0 0.2116 0.9773,
0.1308 0.4233 0.8965, 0.2453 0.5955 0.765
-0.3477 0 0.9376, -0.2531 0.2047 0.9455
-0.1308 0.4233 0.8965, 0 0.6142 0.7891
0.1159 0.7501 0.6511, -0.5257 0 0.8507
-0.4636 0.1875 0.866, -0.368 0.397 0.8408,

- 0.2453 0.5955 0.765, -0.1159 0.7501

0. 6511, 0 0.8507 0.5257, 0.8507 0.5257 0
0.866 0.4636 0.1875, 0.7501 0.6511 0.1159,

. 8408 0.368 0.397, 0.7408 0.5844 0.3313

. 5955 0.765 0.2453, 0.765 0.2453 0.5955

. 6849 0.4732 0.5541, 0.5541 0.6849 0.4732
. 397 0.8408 0.368, 0.6511 0.1159 0. 7501,
. 5844 0.3313 0.7408, 0.4732 0.5541 0.6849
. 3313 0.7408 0.5844, 0.1875 0.866 0.4636,
. 9376 0.3477 0, 0.9924 0.1227 0, 0.9455

. 2531 0.2047, 0.9924 0 0, 0.9773 0 0.2116

. 8965 0.1308 0.4233, 0.8965 0 0.4233

.7891 0 0.6142, 0.6511 0 0.7501, -0.6511

. 1159 0.7501, -0.765 0.2453 0.5955

-0.5844 0.3313 0.7408, -0.8408 0.368 0.397
-0.6849 0.4732 0.5541, -0.4732 0.5541
0.6849, -0.866 0.4636 0.1875, -0.7408

[eloNoNoNoNe]

[eNeoNeoloNe)

0.5844 0.3313,
- 0.3313 0. 7408
-0.7501 0.6511
0. 2453, -0.397

-0.5541 0.6849 0.4732
0.5844, -0.8507 0.5257 0,

0. 1159, -0.5955 0.765

0. 8408 0.368, -0.1875 0. 866

0.4636, -0.6511 0 0.7501, -0.7891 0 0.6142
-0.8965 0 0.4233, -0.8965 0.1308 0.4233,
-0.9773 0 0.2116, -0.9455 0.2531 0. 2047,
-0.9924 0 0, -0.9924 0.1227 0, -0.9376
0.3477 0, -0.7501 0.6511 -0.1159, -0.5955

0.765 -0. 2453

-0.6142 0.7891 0, -0.397



0.8408 -0.368, -0.4233 0.8965 -0.1308,
-0.4233 0.8965 0.1308, -0.1875 0. 866
-0.4636, -0.2047 0.9455 -0.2531, -0.2116
0.9773 0, -0.2047 0.9455 0.2531, 0 0.8507
-0.5257, 0 0.9376 -0.3477, 0 0.9924 -0.1227
0 0.9924 0.1227, 0 0.9376 0.3477, -0.866
0.4636 -0.1875, -0.8408 0.368 -0.397
-0.7408 0.5844 -0.3313, -0.765 0.2453
- 0.5955, -0.6849 0.4732 -0.5541, -0.5541
0.6849 -0.4732, -0.6511 0.1159 -0.7501,
-0.5844 0.3313 -0.7408, -0.4732 0.5541
-0.6849, -0.3313 0.7408 -0.5844, -0.5257 0
-0.8507, -0.4636 0.1875 -0.866, -0.368 0.397
- 0.8408, -0.2453 0.5955 -0.765, -0.1159
0. 7501 -0.6511, 0.1875 0.866 -0.4636, 0.397
0.8408 -0.368, 0.2047 0.9455 -0. 2531,
0. 5955 0. 765 -0.2453, 0.4233 0.8965
-0.1308, 0.2116 0.9773 0, 0.7501 0.6511
-0.1159, 0.6142 0.7891 0, 0.4233 0.8965
0.1308, 0.2047 0.9455 0.2531, 0.1159 0.7501
-0.6511, 0.2453 0.5955 -0.765, 0.3313
0.7408 -0.5844, 0.368 0.397 -0.8408, 0.4732
0.5541 -0.6849, 0.5541 0.6849 -0.4732
0.4636 0.1875 -0.866, 0.5844 0.3313
-0.7408, 0.6849 0.4732 -0.5541, 0.7408
0. 5844 -0.3313, 0.5257 0 -0.8507, 0.6511
. 1159 -0. 7501, 0.765 0.2453 -0.5955
. 8408 0.368 -0.397, 0.866 0.4636 -0.1875
.3477 0 -0.9376, 0.1227 0 -0.9924, -0.1227
-0.9924, -0.3477 0 -0.9376, 0.2531 0.2047
- 0.9455, 0.1308 0.4233 -0.8965, 0 0.2116
-0.9773, 0 0.6142 -0.7891, -0.1308 0.4233
-0.8965, -0.2531 0.2047 -0.9455, 0.6511 0
-0.7501, 0.9773 0 -0.2116, 0.8965 0 -0.4233
0. 9455 0. 2531 -0.2047, 0.8965 0.1308
-0.4233, 0.7891 0 -0.6142, -0.6511 O
-0.7501, -0.7891 0 -0.6142, -0.8965 0.1308
-0.4233, -0.8965 0 -0.4233, -0.9455 0. 2531
-0.2047, -0.9773 0 -0.2116'/>

¢sat

o0 oo

</ | ndexedFaceSet >
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</ Shape>
<Transformscale=".1 .1 .1'>

<Inline
url=""../../Conmuni cati onsAndSensor s/ Omi Di recti onal / Li ght ni ngBol t. w1l "

R /Oom’runi cat i onsAndSensor s/ Omi Di recti onal / Li ght ni ngBol t. xm "' />

</ Tr ansf or n»
<Transformrotation="0 1 0 3.14"' scale=".1 .1 .1'>

<Inline
url=""../../Conmuni cati onsAndSensor s/ Omi Di recti onal / Li ght ni ngBol t. w1 "
TR /OomTuni cati onsAndSensor s/ Omi Di recti onal / Li ght ningBol t.xm "' />

</ Tr ansf or n»

</ Transf or mp

<Transmi tter Pdu DEF='" TRANSM TTER address='224.2.181. 145" applicationlD="1
entitylD="1" port='62040" readlnterval ='1" sitelD="0" whichGeonetry='0"/>
<Scri pt DEF=' Cal cul at eCol or SchemeMEDAL' >

<l-- inputUnits are 'feet' or 'meters' - heightValuesQutput is always in
neters. -->
<field name='frequency' type='Integer' vrm 97Hint="field />

<field name='diffuseCol or' type=' Color' vrm 97Hi nt="eventQut'/>

<field name='eni ssiveCol or' type='Color' vrm 97Hi nt="eventQut'/>

<field nane='shi niness' type='Float' vrm 97Hi nt="eventQut'/>

<field name="anbientintensity' type='"Float' vrm 97H nt="eventCut'/>

<field nane='transparency' type='Float' vrm 97H nt="eventQut'/>

<! [ CDATA[
javascript:

function initialize ()

{

/1 depth band defined to match fathons to 60 feet, then 10' increnents, doesn't match MEDAL
dept hBand = new I\/FFI oat (3000, 30000, 300000, 3000000, 30000000, 300000000, 3000000000);

transparency =
/1 frequency( 200000000) ;
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br own
white
red
redEni ss
or ange
yel | ow
green
cyan
bl ue
magent a
mar oon
tan
sea een
sl at eBl ue
navyBl ue
grey
sl ateG ey
skyBl ue
olive
bl ack

new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or
new SFCol or

(0.2, 0.2, 0);

(1, 1, 1);

(1, 0, 0);

(1, 0, 0)

(1, .529, 0)

(1, 1, 0);

(0, 1, 0);

(0, 1, 1);

(0, 0, 1);

(1, 0, 1);

(0.561, 0, 0.322);
(0.871, 0.721, 0.52
(0.322, 0.584, 0.51
(0. 494, 0.533, 0.67
(0.137, 0.137, 0.45
(0.5, 0.5, 0.5)
(0.439, 0.502, 0.56
(0.6, 0.6, 1.0);

= new SFCol or (0.1, 0.4, 0)
= new SFCol or

[lprint('frequency

(0.1,

frequencyVal ue = frequency ;
print('frequency

if

el se

else i

else i

el se

el se

else i

i f

if

if

0.1, 0.1)

+f r equency)

(frequencyVal ue < depthBand[1]) {

(frequencyVal ue

(frequencyVal ue

(frequencyVal ue

(frequencyVal ue

(frequencyVal ue

(frequencyVal ue

< depthBand[2]) {

AN

dept

N

dept

N

A}

N

hBand[ 3]) {

hBand[ 4]) {

dept hBand[ 5] ) {

9);
7,
1)

9);

5)

= ' +frequencyVal ue)

di f fuseCol or
em ssi veCol or
di f f useCaol or
em ssi veCol or
di f fuseCol or
em ssi veCol or
di f fuseCol or
em ssi veCol or
di ffuseCol or
em ssi veCol or

dept hBand[ 6]) { diffuseCol or

em ssi veCol or

dept hBand[ 7]) { diffuseCol or

= brown;

= brown; }
= cyan;

= cyan; }
= red;

= redEm ss

= grey,

= grey; }
yel | ow,
yel l ow; }
tan;
=tan; }

= orange;

}
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em ssi veCol or = orange;
el se { di f fuseCol or = bl ack;
em ssi veCol or = bl ack;
transparency = 0 ; }

print (' color ="' +diffuseColor) ;
}
11>

</ Scri pt >
<Script DEF=' TransmitScript'>

<field nane="transState' type='Integer' vrm 97H nt="eventln'/>
<field name='size' type='Vector3Float' vrm 97Hi nt="eventQut'/>

<! [ CDATA[
j avascri pt:

function initialize ()
{
size = new SFVec3f (1, 1, 1) ;
print(' TransmitScript initialize() conmplete') ;

}

/1 function name matches eventln variable name ('hour')
/1 hourVal ue captures the new val ue of the ROUTE hour event
/1l minutes is just the current field val ue

function transState (newval ue, tinestanp)

{

transnmit State = newval ue ;
if (transmtState == 2) {

size[0] = 10;
size[1l] = 10;
size[2] = 10;
}
else if (transmitState == 1) {
size[0] = 2;
size[l] = 2;
size[2] = 2;

}
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}

el se {
size[0] = .001;
size[1] = .001;
size[2] = .001;
print('size ="' + size) ;
}
11>
</ Scri pt >

</ G oup>
<R(1JTEpf romNode=" Cal cul at eCol or ScheneMEDAL' fronfFi el d='di ffuseCol or' toNode=' nmaterial’
toFi el d='di ffuseCol or' />
<ROUTE fromNode=" Cal cul at eCol or ScheneMEDAL' fronFi el d='transparency' toNode='naterial’
toFi el d='transparency' />
<ROUTE fronmNode=" Cal cul at eCol or ScheneMEDAL' frontFi el d=' eni ssi veCol or'
toNode="' naterial' toFiel d='em ssiveColor'/>
<ROUTE fromNode=" TRANSM TTER fronfField="transnm tState' toNode=' Transm tScript'
toField="transState' />
<ROUTE fronNode="' Transm t Scri pt' fronFi el d='size' toNode=' DoneTransform toField="scale'/>

</ Pr ot oDecl ar e>
<Prot ol nstance name=' Omi Transm tter' >

<fi el dval ue name='frequency' val ue='100000'/>

</ Pr ot ol nst ance>
<Wrldinfo titl e=' Geodesi ¢ Heni sphere Order 4, radius 1m />

</ Scene>

</ X3b>
<l-- Tag color codes: <NodeNanme attribute="value' /> -->



G. OMNI DIRECTIONAL EXAMPLE WITH DISTRIBUTED INTERACTIVE SIMULATION (DIS) INTEGRATION

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLIC "http://ww. web3D. or g/ TaskG oups/ x3d/ transl at i on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dtd" >

<X3D>
<Header >

<nmeta nanme='fil ename' content="QOmi Exanpl e.xm "' />

<neta nane='author' content='M ke Hunsberger'/>

<neta name='created' content='4 June 2001'/>

<neta nane='revised content='12 June 2001' />

<meta nanme='description' content="Omi Directional Antenna Dones. Several are shown in the process of
transmtting and receiving.'/>
<neta nane="url'

content =" http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ exanpl es/ M | i t ar yModel s/ Conmruni cat i onsAndSensor s/ Omi Di recti onal /
5 Omi Exanpl e. xnd ' / >
\I
<meta nanme='generator' content='X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/ t ransl ati on/ README. X3D-Edit. htm '/ >

</ Header >
<Scene>
<! -- Produce wireframe or transparent beam cylinders. Typical uses include propeller/thruster water flow or
i ne-of -sight sonar/radar/light beanms. Negative range values invert base and apex at sane relative.:
| ocation Default beamw th apex at (0,0,0) and base of radius 1 in x-z plane at (1,0,0). -->
<Ext er nPr ot oDecl are name=" UHFRecei ver' nodeTypeH nt="Transform
url="../../Comuni cati onsAndSensor s/ Omi Di recti onal / Omi Recei ver PrototypeWthD S.wl' >

<field nanme='frequency' type='Integer' vrm 97H nt="field />

</ Ext er nPr ot oDecl ar e>
<Ext er nPr ot oDecl are nane=' UHFTransmitter' nodeTypeH nt="Transform
url="../../Communicati onsAndSensors/ Omi Directional /Omi TransnitterPrototypeWthD S. wl' >
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<field name='frequency' type='Integer' vrm 97Hint="field />

</ Ext er nPr ot oDecl ar e>
<l -- Viewabl e geonetry for this scene -->

<Wrl dlnfo info="Produce wireframe or transparent beam cylinders' title=" BeanCyli nderPrototype'/>

<Navi gationl nfo type=""EXAM NE" "ANY"'/>
<Vi ewpoi nt description="Signals' position='5 5 30'/>
<Backgr ound groundAngl e=' 1. 57079' groundColor="1 0.8 0.6, 0.6 0.4 0.2
0.2 1'/>
<G oup>
<Transformscale='5 5 5" translation='-20 0 -25'>
<Pr ot ol nst ance nane=' UHFRecei ver' >
<fi el dval ue name='frequency' val ue='3500000' / >

</ Pr ot ol nst ance>

</ Tr ansf or >
<Transformscale='5 5 5' translation="-15 0 -25'>

<Pr ot ol nstance nanme=' UHFTransm tter' >
<fiel dval ue name='frequency' val ue='40000'/>
</ Pr ot ol nst ance>

</ Tr ansf or n»
<Transform scal e=' 25 25 25' translation="-150 0 -60' >

<Pr ot ol nst ance nane=' UHFRecei ver' >
<fi el dval ue nanme='frequency' val ue='35000000' />
</ Pr ot ol nst ance>

</ Tr ansf or n»
<Transform scal e=' 25 25 25' translation="70 0 70' >

<Pr ot ol nst ance nane=' UHFTransm tter' >

skyAngl e=' 0. 2

skyColor="1 1 1, 0.2
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<fi el dval ue name='frequency' val ue='35000000' />
</ Pr ot ol nst ance>

</ Tr ansf or n»
<Transformscale='5 5 5' translation="250 0 40' >

<Pr ot ol nst ance nane=' UHFRecei ver' >
<fi el dval ue nanme='frequency' val ue='40000'/>
</ Pr ot ol nst ance>

</ Tr ansf or n»
<Transformscale='5 5 5' translation='"260 0 -60'>

<Prot ol nstance name=' UHFRecei ver' >
<fi el dval ue name='frequency' val ue='3500000'/>
</ Prot ol nst ance>
</ Tr ansf or nm»
</ Group>
</ Scene>
</ X3D>>

<!-- Tag col or codes: <NodeNane attribute='val ue'/> -->
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UHFPDUGENERATOR JAVA CODE LISTING

import mil.navy.nps.dis.*;

import mil.navy.nps.disEnumerations.*;

import mil.navy.nps.testing.*; /I for MulticastPduSender
import mil.navy.nps.util.*;

import java.text.*;

import javaio.*;

import java.lang.*;

import java.net.*;

import java.util.*;

/**

*

* Generates default packets for radio family visualizations.
*
* Authors: Mike Hunsberger

* Start Date: 7 June 2001

* Revised: 14 June 2001

* Description: Generates DIS-JAVA-VRML transmitter and receiver Pdus

* to drive signals visualizations.

*

*

*<dt><b>Invocation:</b>
*<dd> java UHFPduGenerator
*

*<P>

*

*/
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public class UHFPduGenerator {
private static ReceiverPdu rpdu; /I empty entity state pdu to be filled w/
I position/orientation data by this class
private static TransmitterPdu tpdu;
private String entityName; /I entityName
private float pduSendinterval = 1; // seconds
private static boolean DEBUG,;
private BehaviorStreamBufferUDP behaviorStreamBufferUDP; // tie in to the network
private String ipAddress;
private int portNumber;

private static int timeToLive = 15; // default ttl convention is local campus

I

/I Constructors

I

public UHFPduGenerator (String name) {
rpdu = new ReceiverPdu(); /I create the entity state pdu
tpdu = new TransmitterPdu();
entityName = name;

DEBUG = true;
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I

/I instantiate a BehaviorStreamBufferUDP to handle the network interface, instantiate with
// the multicast IP address and port

ipAddress = "224.2.181.145";

portNumber = 62040;

behaviorStreamBufferUDP = new BehaviorStreamBufferUDP(ipAddress, portNumber);
behaviorStreamBufferUDP.setTimeToL ive (timeToLive);

short[] entitylD = new short[3]; /I set the espdu DIS entity identifier
entitylD[0] = 0;

entitylD[1] = 1;

entitylD[2] = 1; // receiver 1

rpdu.setEntityl D(entityl D[ 0], entityl D[1], entitylD[2]);
System.out.printin("rpdu entity ID isset to [* + rpdu.getEntityl D().toString() + "]");

short[] transmitterEntitylD = new short[3]; // set the espdu DIS entity identifier
transmitterEntityI D[O] = O;
transmitterEntitylD[1] = 1;
transmitterEntityl D[2] = 2; // transmitter 2

tpdu.setEntityl D(transmitterEntityl D[ 0], transmitterEntitylD[1], transmitterEntityl D[2]);
System.out.println("tpdu entity ID isset to [* + tpdu.getEntityl D().toString() + "]");

} // end constructor

// Utility Methods

I
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public void debug(String message){
if(DEBUG){
System.out.printin(message);
} Il end if
} /1 end debug

private void send( ) {
while (true) {
UnsignedShort receiverState = new UnsignedShort(1);
rpdu.setReceiver State(receiverState) ;
UnsignedByte transmitterState = new UnsignedByte(1);
tpdu.setTransmitState(transmitterState) ;
for (inti =0;1<10; i++){
rpdu.makeTimestampCurrent();
behaviorStreamBuffer UDP.sendPdu(rpdu, ipAddress, portNumber);
System.out.printin(" Sent PDU") ;
tpdu.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(tpdu, ipAddress, portNumber);
System.out.printIn(" Sent Transmitter PDU") ;
try
Thread.sleep(500);
} I/ endtry
catch (InterruptedException ie){}
}
receiverState = new UnsignedShort(2);
rpdu.setReceiver State(receiverState) ;
transmitterState = new UnsignedByte(2);
tpdu.setTransmitState(transmitter State) ;
for (inti =0; i <10; i++) {
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rpdu.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(rpdu, ipAddress, portNumber);
System.out.printin(" Sent PDU") ;
tpdu.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(tpdu, ipAddress, portNumber);
System.out.printin(" Sent Transmitter PDU") ;
try{
Thread.d eep(500);
} [/ endtry
catch (InterruptedException ie){ }

receiverState = new UnsignedShort(0);
rpdu.setReceiverState(receiver State) ;
transmitterState = new UnsignedByte(0);
tpdu.setTransmitState(transmitterState) ;
for (inti =0;i<5;i++) {
rpdu.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(rpdu, ipAddress, portNumber);
System.out.println("Sent PDU") ;
tpdu.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(tpdu, ipAddress, portNumber);
System.out.printIn(" Sent Transmitter PDU") ;
try{
Thread.deep(500);
} I/ end try
catch (InterruptedException ie){ }
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I

/[ Main

I

public static void main(String[] args){
boolean ttiIMatch = false;
boolean rtpMatch = false;

UHFPduGenerator UHFSender = new UHFPduGenerator("Comm1");
/I WorldCoordinate startPos = new WorldCoordinate(5.0, 3.0, 2.0);

/Il create startPos

/I receiver.rpdu.setEntityL ocation(startPos); /I set start Pos

UHFSender.rpdu.setRtpHeaderEnabled(rtpMatch);
UHFSender.tpdu.setRtpHeaderEnabled(rtpM atch);

UHFSender.send( ) ;

} // end main
} // end class
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APPENDIX E. TROPOSPHERIC SATELLITE SUPPORT RADIO (TSSR) PROTOTYPES

A. TROPOSPHERIC SATELLITE SUPPORT RADIO (TSSR) MODELS
This appendix contains code for the Tropospheric Satellite Support Radio models that are used throughout this thesis. They are available at:

http://web.nps.navy.mil/~brutzman/vrml/exampl es/NpsMilitaryM odel Sy Communi cationsAndSensors/ T SSR/chapter.html

This appendix contains the following files of X3D Code:

TSSRBody
TSSRTripod
TSSR
TSSRPairPrototype
TSSRPairExample
TSSRPairPrototypeWithDIS

L9T

Also included is the javafile for generating DIS Protocol Data Units to view the TSSRPairPrototypeWithDIS file.
CommPduGenerator
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TROPOSPHERIC SATELLITE SUPPORT RADIO (TSSR) BODY

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLIC "http://ww. web3D. or g/ TaskG oups/ x3d/ transl at i on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dtd" >

<X3D>
<Header >
<meta name='fil ename' content="TSSR- Body. xm "' />
<neta nane='author' content='M ke Hunsberger'/>
<neta name='created' content="7 May 2001'/>
<neta name='revi sed content='17 May 2001'/>
<nmeta name='description' content='The Body of Tropo Satellite Support Radio (TSSR) used short -
range (< 20 nmiles) point-to-point SHF communi cation. The systemis designed to support
renote equi pnent and users by replacing long cable runs.'/>
<meta name='url"’
content="http://web.nps. navy. nm|/~brutzman/vrm /NpsM | i t ar yModel s/ Communi cat i onsAndSensor s/ TSSR/ TSSR-
Body. xm '/ >
<meta nanme='generator' content='X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ README. X3D-Edit. htm '/ >
</ Header >
<Scene>

<Navi gationlnfo type=""EXAM NE", "ANY"'/>

<Background groundAngl e=' 1. 57079' groundColor="1 0.8 0.6, 0.6 0.4 0.2' skyAngle='0.2" skyColor="11 1, 0.2
0.2 1'/>

<G oup DEF=' TSSRBody' >
<Transf or >
<Shape>
<Ext rusi on begi nCap='fal se' convex='fal se' crossSection="1 0, .866 .5,

.707 .707, .5 .866, 01, -.5 .866, -.707 .707, -.866 .5, -1 0, -.866 -.5,
-.707 -.707, -.5-.866 0 -1, .5 -.866,.707 -.707, .866 -.5, 10
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endCap='fal se' scale='.05 .05, .5 .5" solid='false'

<Appear ance DEF='DarkG een' >
<Material diffuseColor=".1 .5 .1'/>
</ Appear ance>
</ Shape>

</ Tr ansf or n»
<Transformrotation=0 0 1 1.57'>

<Shape>

<Cylinder height='".8" radius=".05/>
<Appear ance USE=' Dar kGreen'/>

</ Shape>

</ Tr ansf or >
<Transformtranslation=".4 0 0'>

<Shape>

<Sphere radius=".1"/>
<Appear ance USE=' Dar kGreen' />

</ Shape>

</ Tr ansf or n»
<Transformtranslation="-.4 0 0' >

<Shape>

<Box size='.35 .35 .35'/>
<Appear ance DEF=' Dar kG ay' >

<mwaterial diffuseColor=".2 .2 .2'/>
</ Appear ance>

</ Shape>

spine="0 0 O,

.15 00 />
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</ Tr ansf or n»
<Transformtranslation="-.85 0 0'>

<Shape>

<Box size='.6 .35 .6'/>
<Appear ance USE=' Dar kGray' />

</ Shape>
</ Tr ansf or >
</ Gr oup>
</ Scene>
</ X3D>>

<!-- Tag col or codes: <NodeName attribute='value'/> -->
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<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLIC "http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dtd" >

<X3D>
<Header >
<meta nanme='fil ename’ content="TSSR- Tri pod. xm ' />
<meta nane='author' content='M ke Hunsberger'/>
<nmeta name='created content="1 May 2001'/>
<neta name='revi sed content='17 May 2001'/>
<met a nane='description' content="Tripod stand for TSSR body. A Tropo Satellite Support Radio (TSSR) is a
short-range (< 20 mles) point- to-point SHF comruni cati on system designed to support renmote equi pnment and
users by replacing | ong cable runs.'/>
<meta nane='url
content="http://web.nps. navy. m|/~brutzman/vrm /NpsM | it ar yModel s/ Communi cati onsAndSensor s/ TSSR/ TSSR-
K Tripod. xm ' />
=
<meta nanme='generator' content='X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/ t ransl ati on/ README. X3D-Edit. htm '/ >
</ Header >
<Scene>

<Navi gationl nfo type=""EXAM NE", "ANY"'/>

<Background groundAngl e='1.57079' groundColor="1 0.8 0.6, 0.6 0.4 0.2' skyAngle='0.2'
0.2 1'/>

<Transformtranslation="-.25 -.4 0' >

skyColor="11 1, 0.2

<G oup DEF='Tripod' >
<Transformtranslation="-.15 0 0' >
<Shape>

<Box size='.5 .1 .35'/>
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<Appear ance DEF='Dar kG ay' >
<Material diffuseColor=".2 .2 .2'/>
</ Appear ance>
</ Shape>

</ Tr ansf or n»
<Transformrotation="1 0 0 -.35"' translation=".05 -.5 .25"'>

<Transformrotation==00 1 .1'>
<Shape>

<Cylinder height="1.0" radius=".075"/>
<Appear ance USE=' Dar kGray'/ >

</ Shape>
</ Tr ansf or n»

</ Tr ansf or n»
<Transformrotation="1 0 0 .35" translation=".05 -.5 -.25">

<Transformrotation="00 1 .1'>
<Shape>

<Cylinder height="1.0" radius=".075"/>
<Appear ance USE=' Dar kGray'/ >

</ Shape>
</ Tr ansf or n»

</ Tr ansf or n»
<Transformrotation="0 0 1 -.35"' translation=-.5 -.5 0'>

<Shape>

<Cylinder height="1.0" radius=".075"/>
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<Appear ance USE='DarkG ay'/>
</ Shape>

</ Tr ansf or n»
<Transformtranslation="-.1 0 0' >

<Shape>

<Cylinder height=".5" radius=".05/>
<Appear ance USE=' Dar kG ay'/>

</ Shape>
</ Transf or n»
</ Group>
</ Tr ansf or >
</ Scene>
</ X3D>

<I-- Tag color codes: <NodeNane attribute="value' /> -->



TROPOSPHERIC SATELLITE SUPPORT RADIO (TSSR)

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLIC "http://ww. web3D. or g/ TaskG oups/ x3d/ transl at i on/ x3d- conpact . dt d"

<X3D>

"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl ati on/ x3d- conpact . dtd">

<Header >

':,cont ent="http://web. nps. navy. m |/ ~brutzman/vrm / NpsM | itaryMdel s/ Communi cati onsAndSensor s/ TSSR/ TSSR. xmi ' / >

D

<nmeta nane='fil ename' content="TSSR xm ' />

<neta nane='author' content='M ke Hunsberger'/>

<neta name='created' content='17 May 2001'/>

<neta name='revi sed content='17 May 2001'/>

<meta nanme=' description' content="A Tropo Satellite Support Radio (TSSR) is a short-range (< 20 niles)

poi nt-t o-poi nt SHF conmmuni cation system It is designed to support renpte equi pnent and users by repl acing
|l ong cable runs.'/>
<meta nanme='url’

<meta nanme='generator' content='X3D Edit,
http://ww. web3D. or g/ TaskGr oups/ x3d/ t ransl ati on/ README. X3D-Edit. htm '/ >

</ Header >
<Scene>

<Navi gationlnfo type=""EXAM NE", "ANY"'/>

<Vi ewpoi nt description="TSSR Side View />

<Background groundAngl e='1.57079' groundColor="1 0.8 0.6, 0.6 0.4 0.2' skyAngle="0.2" skyColor="11 1, 0.2
0.2 1/>

<Transformtranslation="-.25 0 0' >

<Inline url=""TSSR-Tripod. wl" "TSSR-Tri pod. xm "
"../../ComunicationsAndSensors/ TSSR/ TSSR- Tri pod. wr | "
./ ../ Communi cati onsAndSensor s/ TSSR/ TSSR- Tri pod. xnm "
"htt p //web nps. navy. m |/ ~brut zman/ vrm / NpsM | i t ar yModel s/ Conmuni cat i onsAndSensor s/ TSSR/ TSSR- Tri pod. wr | "
"http://web. nps. navy. m |/ ~brutzman/vrm / NpsM | i t ar yModel s/ Communi cat i onsAndSensor s/ TSSR/ TSSR- Tri pod. xm "' / >
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</ Tr ansf or n»
<Tr ansf orne

<Inline url=""TSSR Body.w|" "TSSR-Body.xm "

"../../Communi cationsAndSensor s/ TSSR/ TSSR- Body. wr | "

"../l../Communi cationsAndSensor s/ TSSR/ TSSR- Body. xm "
"http://web. nps. navy. m |/ ~brut zman/ vrm / NosM | i t ar yModel s/ Comruni cat i onsAndSensor s/ TSSR/ TSSR- Body. wr | "
"http://web.nps. navy.m |/ ~brutzman/vrm /NpsM | itaryMdel s/ Conmuni cati onsAndSensor s/ TSSR/ TSSR- Body. xm "' / >

</ Tr ansf or n»

</ Scene>
</ X3b>
<I-- Tag color codes: <NodeNanme attribute="value' /> -->



E. TROPOSPHERIC SATELLITE SUPPORT RADIO (TSSR) PAIR PROTOTYPE

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLIC "http://ww. web3D. or g/ TaskG oups/ x3d/transl at i on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dtd" >

<X3D>
<Header >

<meta nane='fil ename’ content="TSSR- Pai r PROTO. xm ' / >
<meta nanme='description' content="A pair of Tropo Satellite Support Radios (TSSR) used for short-range (< 20
nm | es) point-to-point SHF comunication. The system designed to support renopte equi pment and users by
replacing long cable runs.'/>
<neta nane=" aut hor' content="M ke Hunsberger'/>
<meta name='created' content="1 May 2001'/>
<meta nanme='revised' content='"17 May 2001' />
<meta nanme='url’
content="http://web.nps. navy. m|/~brutzman/vrm /NpsM | it ar yModel s/ Conmuni cat i onsAndSensor s/ TSSR/ TSSR-
FJPai rPrototype. xn ' / >
(o))
<meta nanme='generator' content='X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/ t ransl ati on/ README. X3D-Edit. htm '/ >

</ Header >
<Scene>

<Ext er nPr ot oDecl ar e nane=' BeanCyl i nder' nodeTypeH nt="Transforn
url=""../../Conmuni cati onsAndSensor s/ Bean’ BeanCyl i nder Prot ot ype. wr| "
"../../Conmuni cat i onsAndSensor s/ Beam BeanCyl i nder Prot ot ype. xm "' >

<l -- contact: (communications) is transmitted signal in contact with receiver, or, (sensor) is a target
return detected? -->

<l -- range: distance in nmeters along x axis -->

<! -- defaul tRange: distance in neters, used until eventln range sent -->

<! -- beanHeight: meters across vertical y axis -->

<! -- beamWdth: neters across horizontal z axis -->

<l -- transparency: 1 = fully transparent, wireframe only -->

<l -- eventln, eventQut and field senmantics nmust be retained due to exposedField not being allowed in



VRML 97 scripts (unfortunately) -->

<field nane='contact' type='Bool ean' vrm 97Hi nt="eventin'/>
<field name='range' type='Float' vrm97H nt="eventln'/>
<field nane=' def aul t Range' type='Float' vrm 97Hi nt="field />
<field nane='wi reframe' type='Boolean' vrm 97H nt="field />
<field nanme="solid" type=" Boolean' vrm 97Hint="field />
<field nane=' beantei ght' type='Float' vrm 97H nt="field />
<field name='beamWdth' type='Float' vrm 97Hi nt="field />
<field nanme='contact Color' type='"Color' vrm 97Hi nt="field />
<field nane=' noContact Col or' type="Color' vrm 97H nt="field />
<field nane='transparency' type='Float' vrm 97H nt="field />

</ Ext er nPr ot oDecl ar e>
<! -- ExternProtoDeclare definitions nust be included verbatim-->

<l -- PROTO consists of two TSSRs for short range (< 5 nmile) point-to-point communication. TSSRs elim nate

the need for long cable runs. This PROTO al | ow specification for the initial placement of each TSSR
automatically cal cul ates the correct angle to conplete the link. -->
<Pr ot oDecl are nanme=' TSSRPai r"' >

<field nane=' TSSR1Locati on' type=' Vector3Fl oat' value="1 1 1

| S=' Cal cul at eAngl eScri pt. TSSR1Locati on TSSR1_TRANSFORM transl ation' vrm 97Hint="field />
<field name=' TSSR2Locati on' type='Vector3Fl oat' value="0 0 0O

| S=' Cal cul at eAngl eScri pt. TSSR2Locati on TSSR2_TRANSFORM transl ation' vrm 97H nt="field' />
<G oup>
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<Vi ewpoi nt DEF='" TSSRPai r Vi ewpoi nt' descri pti on="TSSR Pai r Vi ewpoint'/>
<LOD range=' 40000' >

<l-- TSSR 1 Two Transforms. One in the XZ plane, the second in the XY
pl ane. Inlines for the TSSR body, stand, and the donme pattern. -->
<Tr ansf or m DEF=' TSSR1_TRANSFORM >

<Tr ansf or m DEF=" TSSR1_XY_TRANSFORM >

<I nline DEF='" TSSRBody'

url=""../../Communi cati onsAndSensor s/ TSSR/ TSSR Body. wr | "
"../../Comruni cati onsAndSensor s/ TSSR/ TSSR Body. xm "
"TSSR- Body. wr | " "TSSR- Body. xm "' />

<Transf orm DEF=" TSSR1Cone' translation="1

00 >

<Pr ot ol nst ance

It
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DEF=" TSSR1_BEAMCYL| NDER
nane=' BeanCyl i nder' >

<fi el dval ue
name=' def aul t Range
val ue='10"'/>
<fi el dval ue
name='range
val ue="10"'/>
<fi el dval ue
nane=' beanHei ght
val ue="1"'/>
<fi el dval ue
name=' beanW dt h'
value="1"'/>
<fi el dval ue
name='transparency'
value='0.2"/>
<fi el dval ue
nane="wi refranme
val ue="true'/>
<fi el dval ue
nanme="sol i d’
val ue="true'/>
<fi el dval ue
nanme=' cont act Col or'
value='.3 .5 .5'/>
<fi el dval ue
nanme=' noCont act Col or'
value=".8 .1 .1'/>

</ Pr ot ol nst ance>
<LOD range=' 100 2000' >

<Tr ansfor n»

<Vi ewpoi nt

descri ption="' TSSR1
si de

view />

</ Tr ansf or n»
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<Transform >
</ LOD>
</ Tr ansf or n»

</ Tr ansf or >
<Tr ansf ornp

<l nline DEF=' TSSRSt and'

url=""../../Comuni cati onsAndSensor s/ TSSR/ TSSR Tri pod. wr| "
"../../Comruni cati onsAndSensors/ TSSR/ TSSR Tri pod. xm "
"TSSR- Tri pod. w " "TSSR-Tripod. xm "' />

</ Tr ansf or n»

</ Tr ansf or >
<Wirldlinfo info='"null node for no rendering when distant'/>
<Script DEF='TransmitScript'>

<field nane='transState' type='Integer'
vrm 97Hi nt =" eventIn' />

<field nane='size' type=' Vector 3Fl oat'
vrm 97Hi nt =" eventQut' />

<! [ CDATA[
javascript:

function initialize ()

{
size = new SFVec3f (100, 100, 100) ;
print('TransmitScript initialize() conplete') ;

}

/1 function nane matches eventln variable nanme (' hour')
/'l hourVal ue captures the new val ue of the ROUTE hour event
/1l mnutes is just the current field val ue

function transState (newval ue, tinestanp)
{

transmtState = newal ue ;

if (transmtState == 3) {
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size = new SFVec3f (10, 10,

el se {
size = new SFVec3f (100, 100, 100)
}
print('size ="' + size) ;
}
11>
</ Scri pt >

</ LOD>
<LOD range=' 40000' >

<l-- TSSR 2 Two Transforns. One in the XZ pl ane,
plane. Inlines for the TSSR body, stand, and the done pattern.

<Tr ansf or m DEF=' TSSR2_TRANSFORM >

<Tr ansf or m DEF=" TSSR2_XY_TRANSFORM >

<l nline USE=" TSSRBody' />
<Tr ansf or m DEF=' TSSR2Cone'
00>

<Pr ot ol nst ance
DEF=" TSSR2_BEAMCYLI| NDER'
name=' BeanCyl i nder' >

<fi el dval ue
name="' def aul t Range'
val ue='"10'/>

<fi el dval ue
name='r ange'

val ue='10'/>

<fi el dval ue
nane=' beanHei ght'
val ue="1'/>

<fi el dval ue
nanme=' beanW dt h'
val ue="1'/>

<fi el dval ue

10)

the second in the

translation="1

XY
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nane='transparency'
value='0.2"'/>

<fi el dval ue
name="w refrang'
value="true'/>

<fi el dval ue
name='sol id'

val ue="true'/>

<fi el dval ue

nane=' cont act Col or'
value='.3 .5 .5'/>
<fi el dval ue

nanme=' noCont act Col or"'
value='.8 .1 .1'/>

</ Pr ot ol nst ance>
<LOD range=' 100 2000' >

<Tr ansf ornp

<Vi ewpoi nt
descri pti on=" TSSR2
si de
vi ew
orientation='0
10
3.14'
position="0
0 -10'/>

</ Tr ansf or n»
<Transfornf >

</ LOD>
</ Tr ansf or n»

</ Tr ansf or n»
<Tr ansf ornp

<l nline USE=' TSSRSt and' / >



8t

</ Tr ansf or n»

</ Tr ansf or m»
<Script DEF='TransnitScript2' >

<field name='transState' type='Integer’
vim 97H nt="eventIn' />

<field nanme='size' type='Vector3Float'
vrm 97Hi nt =" event Qut '/ >

<! [ CDATA[
javascript:

function initialize ()

{
size = new SFVec3f (100, 100, 100) ;

print('TransmitScript initialize() conplete') ;

/1 function nane matches eventln variable nane (' hour')
/1 hourVal ue captures the new val ue of the ROUTE hour event
/1l minutes is just the current field val ue

function transState (newval ue, tinestanp)

{
transmtState = newval ue ;
if (transmtState == 3) {
size = new SFVec3f (10, 10, 10) ;
el se {
size = new SFVec3f (100, 100, 100) ;
}
print('size ="' + size) ;
}
11>
</ Scri pt >
</ LOD>
<!-- This script is used to calculate the corresponding rotation angles so the TSSRs w ||

be pointed at each other -->
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<Scri pt DEF=' Cal cul at eAngl eScri pt' >

<field name=' TSSR1Locat i on'
<field name=' TSSR2Locat i on'
<field name=' TSSR1_XZangl e’
<field name=' TSSR2_XZangl e’
<field

<field

<field nane=' TSSR1_XYangl €'
<field name=' TSSR2_XYangl e’

type='Vector 3Float' vrm 97Hi nt="field />
type='Vector3Float' vrm 97H nt="field />
type='Rotation' vrm 97H nt="eventCQut' />
type='Rotation' vrm 97H nt="eventQut'/>

nane=' beanScal e' type='Vector3Float' vrm 97Hi nt="eventQut'/>
nanme=' beanmLength' type='Float' vrm 97H nt="eventQut'/>

type='Rotation' vrm 97H nt="eventQut'/>
type='Rotation' vrm 97H nt="eventQut'/>

<field name='Li nkEstablished' type='Bool ean' vrm 97Hi nt="eventCQut'/>
<field name=" Vi ewpoi nt Locati on' type='Vector3Fl oat"'

vrm 97Hi nt =" event Qut' / >
<field name='\Vi ewpoi nt Angl

<! [ CDATA[
javascri pt:

function initialize ()
{
print ("' TSSR1
print (' TSSR2

e'

type='Rotation' vrm 97H nt="eventQut'/>

+ TSSRlLocation) ;
+ TSSR2Locati on) ;

print(' TransmitScript initialize() complete') ;

active = TRUE ;
TSSR1_XZangl e
TSSR2_XZangl e
TSSR1_XYangl e
TSSR2_XYangl e

beantcal e

Vi ewpoi nt Locat i on
Vi ewpoi nt Angl e

Li nkEst abl i shed =

conput e(active) ;

function conpute ( )

{
conput eDi st ance( )
conput eXZangl e( );

new SFRot ation(0, 1, 0, 0) ;
new SFRotation(0, 1, 0, 0) ;
new SFRotation(0, 0, 1, 0) ;
new SFRotation(0, 0, 1, 0) ;

)

new SFVec3f ( ) ;
new SFVec3f ( ) ;
new SFRotation(0, 1, 0, 0) ;

TRUE;
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Vi ewpoi nt Locat i on[ 0]
Vi ewpoi nt Locat i on[ 1]
Vi ewpoi nt Locat i on[ 2]

TSSRl1Location[ 0] ;
TSSR1Location[ 1] + 4;
TSSR1Locat i on[ 2]

print('Vi ewpoi ntLocation ="' + Vi ewpoi nt Locat i on)
Vi ewpoi nt Angl e[ 3] = TSSR1_XZangl e[ 3] - Math.Pl/2;
print('Viewpoi nt Angl e =' + Vi ewpoi nt Angle) ;
comput eXYangl e( )
}
function conputeDi stance( )
{ print(' TSSR1 =' + TSSRlLocati on)
print (' TSSR2 =' + TSSR2Locati on) ;
deltaX = (TSSR2Location[0] - TSSRlLocation[O0]) ;
del taY = (TSSR2Location[1] - TSSRlLocation[1]) ;
deltaZz = (TSSR2Location[2] - TSSRlLocation[2]) ;
di stanceSquared = deltaX * deltaX + deltaY * deltaY + deltaz * deltaZ ;
print (' Di stance Squared =' + di stanceSquared) ;
di stance = Mat h. sqrt (di st anceSquar ed)
print('Distance = + distance) ;
beantcal e[ 0] = di stance/ 10;
beantscal e[ 1] = b5;
beantcal e[ 2] = b;
print (' Beantcal e =' + beanScal e)
beanlengt h = distance - 2 ;
if (distance > 5000/.6) {
Li nkEst abl i shed = FALSE;
beanlLength = 5000;
}
}
function conmput eXZangl e( )
{

if (deltaz == 0)
deltaZz = .00000001 ;
}

angl e = Mat h. atan(del t aX/ del t az)
if (deltaz < 0) {
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TSSR1_XZangl e[ 3] = angle + Math. Pl /2;

Mat h. Pl ;

el se {

TSSR1_XZangl e[ 3] = angle - Math.Pl/2;
}
TSSR2_XZangl e[ 3] = TSSR1_XZangl e[ 3] +
print('Angle + TSSR1_XZangl e[ 3])

print (' Angl e2 + TSSR2_XZangl e[ 3])

function conput eXYangl e( )

{

angl e = Mat h. asi n(del taY/di stance) ;

TSSR1_XYangl e[ 3] = angle ;

TSSR2_XYangl e[ 3] = - TSSR1_XYangl e[ 3] ;
print('AnglexXy =" + TSSR1_XYangl e[ 3])
print (' Angl e2XY =' + TSSR2_XYangl e[ 3]) ;

}
11>
</ Scri pt >

</ Group>

<ROUTE fromNode="' Cal cul at eAngl eScri pt' fronFi el d=' TSSR1_XZangl e'

t oNode="' TSSR1L_TRANSFORM toFi el d='rotation'/>

<ROUTE fronmNode=' Cal cul at eAngl eScri pt' fronField=' TSSR2_XZangl e'

t oNode=" TSSR2_TRANSFORM toField='rotation'/>

<RQUTE fromNode=' Cal cul at eAngl eScri pt' fronFi el d=' beanLengt h'

t oNode=" TSSR1_BEAMCYLI NDER t oFi el d='range' />

<ROUTE fr omNode=" Cal cul at eAngl eScri pt' fronFi el d=' beanLengt h'

t oNode=" TSSR2_BEAMCYLI| NDER t oFi el d=' range' / >

<RQUTE fromNode=" Cal cul at eAngl eScri pt' fronFi el d=' TSSR1_XYangl e’

t oNode=" TSSR1_XY_TRANSFORM toField='rotation'/>

<ROUTE fromNode=" Cal cul at eAngl eScri pt' fronFi el d=' TSSR2_XYangl e'

t oNode="' TSSR2_XY_TRANSFORM toField="rotation'/>

<ROUTE fronmNode=' Cal cul at eAngl eScri pt' fronFi el d=' Li nkEst abl i shed'

t oNode=" TSSR1_BEAMCYLI NDER toFi el d='contact' />

<RQUTE fromNode=" Cal cul at eAngl eScri pt' fronFi el d='Li nkEst abl i shed'
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t oNode=" TSSR2_BEAMCYLI NDER t oFi el d=' contact'/>
<RQUTE fromNode="' Cal cul at eAngl eScri pt' fronFi el d=' Vi ewpoi nt Locati on’
t oNode=" TSSRPai r Vi ewpoi nt' toFi el d=' position'/>

<ROUTE fromNode=" Cal cul at eAngl eScri pt' fronFi el d=" Vi ewpoi nt Angl e’
t oNode=" TSSRPai r Vi ewpoi nt' toFiel d="orientation'/>

</ Pr ot oDecl ar e>

<Wrldinfo info=""Authors: M ke Hunsberger" "Revised: 30 April 2001" "Purpose:

CosnoPl ayer"' title="AntennaWorld' />
<Navi gationl nfo type='"EXAM NE" "ANY"'/>
<Pr ot ol nst ance nane=' TSSRPai r' >

<fi el dval ue name=' TSSR1Location' value="0 0 0'/>
<fi el dval ue nanme=' TSSR2Locati on' value='50 0 50'/>

</ Pr ot ol nst ance>

<Background groundAngl e='1.57079"' groundColor="1 0.8 0.6, 0.6 0.4 0.2' skyAngle='0.2'

0.2 1/>

</ Scene>

</ X3D>

<!-- Tag col or codes: <NodeName attribute='value'/> -->

Pai r

of TSSRs"

" Browser:

skyColor="1 1 1,



F. TROPOSPHERIC SATELLITE SUPPORT RADIO (TSSR) PAIR EXAMPLE

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLI C "http://ww. web3D. or g/ TaskG oups/ x3d/ t ransl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dt d" >

<X3D>
<Header >

<meta nanme='fil ename' content ="' TSSR- Pai r Exanpl e. xm ' / >
<met a nanme=' description' content="An exanple scene denobnstrating the TSSRPairPrototype; A Tropo Satellite
Support Radio (TSSR) is a short-range (< 20 miles) point- to-point SHF conmunication system desi gned to

support renote equi pment and users by replacing |long cable runs.'/>

<met a name='aut hor' content="M ke Hunsberger'/>

<meta nanme='created' content="1 May 2001'/>

<meta name='revised content='"17 May 2001' />

<neta name='url’

content="http://web. nps. navy. m |/ ~brut zman/ vrmd / NpsM | i t ar yModel s/ Communi cat i onsAndSensor s/ TSSR/ TSSR-
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~pai r Exanpl e. xml ' / >

<meta nanme='generator' content='X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ README. X3D-Edit. html '/ >

</ Header >
<Scene>
<l -- ExternProtoDecl are definitions must be included verbatim-->
<Ext ernProt oDecl are nanme="TSSRPair' url=""../../Conmuni cati onsAndSensor s/ TSSR/ TSSR- Pai r Pr ot ot ype. wr | "

"../../Communi cati onsAndSensor s/ TSSR/ TSSR- Pai r Prot ot ype. xm "' >

<field name=' TSSRlLocati on' type='Vector3Fl oat' vrm 97H nt="field />
<field nane=' TSSR2Locati on' type='Vector3Float' vrm 97H nt="field' />

</ Ext er nPr ot oDecl ar e>
<Worldinfo info='""Authors: M ke Hunsberger" "Revised: 30 April 2001" "Purpose: Pair of TSSRs" "Script: none"

"Browser: CosnoPlayer"' title="AntennaWorld'/>
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<Pr ot ol nst ance nane=' TSSRPai r' >

<fi el dval ue name=' TSSR1Locati on' val ue='200 0 5000'/>
<fi el dval ue nanme=' TSSR2Location' value="0 0 0'/>

</ Prot ol nst ance>
<Navi gationl nfo type='"EXAM NE" "ANY"'/>
<Background groundAngl e='1.57079"' groundColor="1 0.8 0.6, 0.6 0.4 0.2

0.2 1'/>
</ Scene>
</ X3D>
<I-- Tag color codes: <NodeNane attribute="value' /> -->

skyAngl e=' 0. 2

skyColor="1 1 1,

0.2



© Pai r Pr ot ot ype.

G. TROPOSPHERIC SATELLITE SUPPORT RADIO (TSSR) PAIR PROTOTYPE WITH DISTRIBUTED INTERACTIVE
SIMULATION (DIS) INTEGRATION
<?xm version="1.0" encodi ng="UTF-8""?>
<I DOCTYPE X3D PUBLIC "http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dt d" >
<X3D>
<Header >
<nmeta name='fil ename' content="TSSR- Pai r PROTO. xm ' / >
<met a name='description' content="A pair of Tropo Satellite Support Radios (TSSR) used for short-range (< 20
nm | es) point-to-point SHF comunication. The system designed to support renote equi pnent and users by
replacing long cable runs.'/>
<met a name='aut hor' content="M ke Hunsberger'/>
<meta nanme='created' content="1 May 2001'/>
<meta nanme='revised' content='17 May 2001'/>
= <neta name='url"’
[e'e} content="http://web. nps. navy. m |/ ~brutzman/vrm / NpsM | i taryMdel s/ Conmuni cati onsAndSensor s/ TSSR/ TSSR-

xm '/ >

<meta nanme='generator' content='X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/transl ati on/ README. X3D-Edit. htm '/ >

</ Header >
<Scene>

<Ext er nPr ot oDecl ar e nane=' BeanCyl i nder' nodeTypeH nt="Transform
url=""../../Comuni cati onsAndSensor s/ Beam BeanCyl i nder Prot ot ype. w | "
"../../Communi cati onsAndSensor s/ Beant Bean®TyIl i nder Prot ot ype. xnm "' >

<l -- contact: (communications) is transmitted signal in contact with receiver, or, (sensor) is a target
return detected? -->

<l -- range: distance in neters along x axis -->

<! -- defaul tRange: distance in neters, used until eventln range sent -->

<! -- beanHeight: meters across vertical y axis -->

<l -- beanWdth: neters across horizontal z axis -->
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<l -- transparency: 1 = fully transparent, wirefrane only -->
<l -- eventln, eventQut and field semantics nmust be retai ned due to exposedField not being allowed in
VRML 97 scripts (unfortunately) -->

<field nane='contact' type='Bool ean' vrm 97H nt='"eventin'/>
<field nane='range' type='Float' vrm 97Hi nt="eventln'/>

<field nanme='def aul t Range' type='Float' vrm 97Hi nt="field />
<field nane='wi reframe' type='Boolean' vrm 97H nt="field />
<field name='solid" type='"Boolean' vrm 97H nt="field />

<field nane=' beantei ght' type='Float' vrm 97H nt="field />
<field nanme=' beamWdth' type='Float' vrm 97Hint="field />
<field nane='contactColor' type='"Color' vrm 97H nt="field />
<field nanme=' noContact Col or' type='"Color' vrm 97H nt="field />
<field nane='transparency' type='Float' vrm 97Hi nt="field />

</ Ext er nPr ot oDecl ar e>

<! -- ExternProtoDeclare definitions nust be included verbatim-->

<! -- PROTO consists of two TSSRs for short range (< 5 mile) point-to-point comunication. TSSRs elimnate

the need for long cable runs. This PROTO al |l ow specification for the initial placement of each TSSR It
automatically calcul ates the correct angle to conplete the link. -->

<Pr ot oDecl are nane=' TSSRPai r' >

<field nanme=' TSSRlLocati on' type='Vector3Fl oat' value="1 1 1'
| S=' Cal cul at eAngl eScri pt. TSSR1Locati on TSSRL_TRANSFORM transl ation' vrm 97Hint="field' />
<field nane=' TSSR2Locati on' type=' Vector3Fl oat' value='0 0 O
| S=' Cal cul at eAngl eScri pt . TSSR2Locati on TSSR2_TRANSFORM transl ation' vrm 97Hi nt="field' />
<G oup>

<Vi ewpoi nt DEF=' TSSRPai r Vi ewpoi nt' descri pti on="TSSR Pair Vi ewpoint'/>
<LCOD range='40000' >

<l-- TSSR 1 Two Transforms. One in the XZ plane, the second in the XY
pl ane. Inlines for the TSSR body, stand, and the dome pattern. -->
<EspduTr ansf or m DEF=" TSSR1_TRANSFORM >

<Tr ansf orm DEF=" TSSR1_XY_TRANSFORM >

<I nli ne DEF='" TSSRBody'

url=""../../Comuni cati onsAndSensor s/ TSSR/ TSSR Body. wr | "
"../../Communi cati onsAndSensor s/ TSSR/ TSSR Body. xm "
"TSSR- Body. wr | * " TSSR- Body. xm "' />
<Transformtranslation="-5 0 0' >
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<Recei ver Pdu

DEF=' TSSR1_RECEI VER

addr ess='224. 2. 181. 145’
applicationlD="1" entitylD="1'
port='62040" readlnterval =" 1'
sitelD="0"/>

</ Tr ansf or n»

<Transm tter Pdu

DEF=' TSSR1_TRANSM TTER

address='224.2.181. 145" antennalLocation="'-5
0 0" applicationlD="1" entitylD="5'
port='62040" readinterval="1" sitelD="0"/>
<Tr ansf orm DEF=' TSSR1Cone' translation="1
01>

<Transformtranslation="2 2 0'>
<Shape>

<Text
string=" Near
End
Transmtter

to Far

End

Recei ver

Li nk' />

</ Shape>

</ Tr ansf or m»

<Pr ot ol nst ance

DEF=" TSSR1_BEAMCYLI| NDER'
nane=' BeanCyl i nder' >

<fiel dval ue

name="' def aul t Range
val ue='10'/>

<fi el dval ue
name='range'

val ue='10'/>
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<fi el dval ue

nanme=' beanHei ght

val ue="1'/>

<fi el dval ue

nane=' beamW dt h'

value="1"/>

<fi el dval ue

nane='transparency'

value="0.2"'/>

<fi el dval ue

nane="w refrane'

value="true'/>

<fi el dval ue

name='sol i d'

value="true'/>

<fi el dval ue

nane=' cont act Col or'

value='.3 .5 .5 />
<fi el dval ue
nanme=' noCont act Col or'
value='.8 .1 .1'/>

</ Pr ot ol nst ance>
<LOD range='100 2000' >

<Tr ansf or n»

<Vi ewpoi nt
descri pti on=" TSSR1
si de

view />

</ Tr ansf or n»
<Transforn >

</ LOD>

</ Tr ansf or n»

</ Tr ansf or n»>
<Tr ansf or np
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<l nline DEF='" TSSRSt and'

url=""../../Comruni cati onsAndSensor s/ TSSR/ TSSR Tri pod. wr | "
"../../Comuni cati onsAndSensors/ TSSR/ TSSR Tri pod. xm "
"TSSR- Tripod. wl" "TSSR-Tripod. xm "' />

</ Tr ansf or n»

</ EspduTr ansf or n»
<Wrldinfo info="null node for no rendering when distant'/>
<Script DEF=' TransmtScript'>

<field nane='transState' type='Integer’
vrm 97Hi nt =" eventIn' />

<field nane='size' type='Vector3Float'
vrm 97Hi nt =" eventQut "'/ >

<! [ CDATA[
javascript:

function initialize ()

{
size = new SFVec3f (100, 100, 100) ;

print('TransmtScript initialize() conplete') ;
}

/1 function name matches eventln variable nane (' hour')
/1 hourVal ue captures the new val ue of the ROUTE hour event
/'l mnutes is just the current field val ue

function transState (newval ue, tinestanp)

{

transmtState = newval ue ;
if (transmtState == 3) {
size = new SFVec3f (10, 10, 10) ;

}
el se {
size = new SFVec3f (100, 100, 100) ;
}
print('size ="' + size) ;

11>
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</ Scri pt >

</ LOD>
<LOD range=' 40000' >

<l-- TSSR 2 Two Transfornms. One in the XZ plane, the second in the
pl ane. Inlines for the TSSR body, stand, and the done pattern. -->
<EspduTr ansf or m DEF=" TSSR2_TRANSFORM >

<Transf orm DEF=" TSSR2_XY_TRANSFORM >

<l nli ne USE=' TSSRBody' / >
<Transformtranslation="-5 0 0'>

<Recei ver Pdu

DEF=' TSSR2_RECEI VER

address='224. 2. 181. 145’
applicationlD="1" entitylD="2'
port='62040" readlnterval =" 1'
sitelD="0"'/>

</ Tr ansf or >

<Transni tterPdu
DEF=' TSSR2_TRANSM TTER
address='224. 2. 181. 145" antennalLocation='-5
0 0" applicationlD="1" entitylD="6'
port='62040" readlnterval ="1" sitelD="0"/>
<Transform DEF=' TSSR2Cone' translation="'1
01>

<Transformtranslation="2 2 0'>
<Shape>

<Text
string="Near
End

Transm tter
to Far

End

Recei ver

XY
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Link' />
</ Shape>

</ Tr ansf or n»

<Pr ot ol nst ance

DEF=" TSSR2_BEAMCYLI| NDER'
name=' BeanCyl i nder' >

<fi el dval ue
name=' def aul t Range
val ue='10"'/>
<fi el dval ue
name='range
val ue='"10'/>
<fi el dval ue
nane=' beanHei ght
val ue="1'/>
<fi el dval ue
nane=' beam dt h'
val ue="1'/>
<fi el dval ue
nanme='transparency
value="0.2"/>
<fi el dval ue
nanme="w refrane
val ue="true'/>
<fi el dval ue
name="'sol i d'
val ue="true'/>
<fi el dval ue
nanme=' cont act Col or'
value='.3 .5 .5 />
<fi el dval ue
name=' noCont act Col or'
value='.8 .1 .1'/>

</ Pr ot ol nst ance>
<LOD range=' 100 2000' >

<Tr ansf or n»



<Vi ewpoi nt

descri pti on="' TSSR2
si de

vi ew
orientation="0

10

3. 14

position="0

0 -10'/>

</ Tr ansf or n»
<Transforn >

</ LOD>
</ Tr ansf or n»

</ Tr ansf or n»
<Tr ansf or n»

<Inline USE='" TSSRSt and' / >

</ Tr ansf or n>

96T

</ EspduTr ansf or n>
<Script DEF='TransmtScript2' >

<field name='transState' type='Integer'
vrm 97Hi nt =" eventIn' />

<field nane='size' type='Vector3Float'
vrm 97Hi nt =" eventQut' />

<! [ CDATA[
javascript:

function initialize ()

{
size = new SFVec3f (100, 100, 100) ;

print('TransmitScript initialize() conmplete') ;

}

/1 function nane matches eventln variable nanme (' hour')
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/1 hourVal ue captures the new val ue of the ROUTE hour event

/1l minutes is just the current field val ue
function transState (newval ue, tinestanp)
{
transmtState = newval ue ;
if (transmtState == 3) {
size = new SFVec3f (10, 10, 10) ;
el se {
si ze = new SFVec3f (100, 100, 100) ;
}
print('size ="' + size) ;
}
11>
</ Scri pt >

</ LOD>
<l-- This script

is used to calculate the corresponding rotation angles so the TSSRs wi | |

be pointed at each other -->

<Scri pt DEF=' Cal

<fi
<fi
<fi
<fi
<fi
<fi
<fi
<fi
<fi
<field name='

@ ® D D

@ D DD
0000000 Q

D

cul at eAngl eScri pt' >

name=" TSSRlLocation' type='Vector3Float' vrm 97Hi nt="field />
name=" TSSR2Locati on' type='Vector3Float' vrm 97Hi nt="field />
nane=' TSSR1_XZangl e' type='Rotation' vrm 97H nt="eventQut'/>
name=' TSSR2_XZangl e' type='Rotation' vrm 97Hi nt="eventQut'/>
name=' beantcal ' type='Vector3Fl oat' vrm 97Hi nt="eventQut'/>
nane=' beanliengt hLi nk1' type='Float' vrm 97Hi nt="eventQut'/>
nane=' beanlLengt hLi nk2' type='Float' vrm 97H nt="eventQut'/>
name=' TSSR1_XYangl e' type='Rotation' vrm 97Hi nt="eventQut'/>
nane=' TSSR2_XYangl e' type='Rotation' vrm 97Hi nt="eventQut'/>

TSSR1ToTSSR2Li nk' type=' Bool ean'

vrm 97Hi nt ="' eventQut' />

<field nane=

TSSR2ToTSSR1Li nk' type="' Bool ean’

vrm 97Hi nt =" eventQut' />
<field name='Vi ewpoi nt Location' type='\Vector3Fl oat'
vrm 97Hi nt =" event Qut' / >

<field nane='

Vi ewpoi ntAngl e' type='Rotation' vrm 97Hi nt="eventQut'/>

<field name=' TSSR1_recei veState' type='Integer' vrm 97H nt="eventin'/>
<field name=' TSSR2_recei veState' type='Integer' vrm 97H nt="eventin'/>
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<field nane=' TSSR1_transnit St ate'
<field name=' TSSR2_transmit State'

<! [ CDATA[
javascript:

function initialize ()

type='Integer' vrm 97Hi nt='"eventln'/>
type='Integer' vrm 97Hi nt='"eventin'/>

{
print (' TSSR1 =' + TSSRlLocation) ;
print (' TSSR2 =' + TSSR2Location) ;
print(' TransmtScript initialize() complete') ;
active = TRUE ;
TSSR1_XZangl e = new SFRotation(0, 1, 0, 0) ;
TSSR2_XZangl e = new SFRotation(0, 1, 0, 0) ;
TSSR1_XYangl e = new SFRotation(0, O, 1, 0) ;
TSSR2_XYangl e = new SFRotation(0, 0, 1, 0) ;
beanftcal e = new SFVec3f ( ) ;
Vi ewpoi nt Locat i on = new SFVec3f ( ) ;
Vi ewpoi nt Angl e = new SFRotation(0, 1, 0, 0) ;
TSSR1_RXSt at e =0 ;
TSSR1_TXSt at e =2 ;
TSSR2_RXSt at e =0 ;
TSSR2_TXSt at e =1;
TSSR1ToTSSR2Li nk = TRUE;
TSSR2ToTSSRLLi nk = TRUE;
Di st anceAccept abl e = TRUE ;
conput e(active) ;
}

function TSSR1_recei veSt at e( newal ue, tinmestanp) {

TSSR1_RXSt at e = newval ue ;

conput eLi nk( ) ;
}

function TSSR2_transmit St ate(newal ue, tinestanp) {

TSSR2_TXSt at e = newval ue ;

conput eLi nk( ) ;
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}

functi on TSSR2_recei veSt at e( newal ue, tinmestanp) {
TSSR2_RXSt at e = newval ue ;
conput eLi nk( ) ;

}

function TSSR1_transmit State(newal ue, tinestanp) {
TSSR1_TXSt at e = newval ue ;
conput eLi nk( ) ;

}

function conput eLi nk( )

if ((TSSR2_TXState ==2) && (Dist anceAccept abl e)) {
beaniengt hLi nk2 di stance - 2 ;
if (TSSR1_RXState == 2)
TSSR2ToTSSR1Li nk = TRUE ;

}
el se
{
TSSR2ToTSSRI1Li nk = FALSE ;
}
}
else if ((TSSR2_TXState < 2) && (D| stanceAccept able)) {
beaniengt hLi nk2 =5,

TSSR2ToTSSR1Li nk = FALSE ;

}
if ((TSSRL_TXState ==2) && (Di st anceAccept abl e)) {
beaniengt hLi nk1 di stance - 2 ;
if (TSSR2_RXState == 2) {
TSSR1ToTSSR2Li nk = TRUE ;
}

el se

{

}

}
else if ((TSSRL_TXState < 2) && (D| stanceAccept able)) {
beaniengt hLi nk1 5 ;

TSSR1ToTSSR2Li nk = FALSE ;
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TSSR1ToTSSR2Li nk = FALSE ;

}
}
function conpute ( )
{
conput eDi stance( ) ;
conput eXZangl e( );
Vi ewpoi nt Location[ 0] = TSSRlLocati on[ 0]
Vi ewpoi nt Locati on[1] = TSSRlLocation[1l] + 4;
Vi ewpoi nt Location[2] = TSSRlLocation[2] ;
print (' Vi ewpoi ntLocation =' + Vi ewpoi nt Locati on)
Vi ewpoi nt Angl e[ 3] = TSSR1_XZangl e[ 3] - Math.Pl/2;
print (' Vi ewpoint Angl e =' + Viewpoi nt Angle) ;
comput eXYangl e( ) ;
}
function conputeDi stance( )
{
print (' TSSR1 =' + TSSRllLocation) ;
print (' TSSR2 =' + TSSR2Locati on)

deltaX = (TSSR2Location[0] - TSSRlLocation[0])
deltaY = (TSSR2Location[1] - TSSRlLocation[1])
deltaz = (TSSR2Location[2] - TSSRlLocation[2]) ;
di stanceSquared = deltaX * deltaX + deltaY * deltaY + deltaz * deltaZ ;
print('Di stance Squared =' + di stanceSquared) ;
di st ance Mat h. sqrt (di st anceSquar ed) ;
print(' D stance + di st ance)

beantcal e[ 0] di st ance/ 10;

beantcal e[ 1] = b;
beantcal e[ 2] = b5;
print (' Beanf5cal e =' + beantcal e) ;
if (distance > 5000/.6) {
Di st anceAccept abl e = FALSE;
beaniengt h = 5000;
}
el se {
Di st anceAcceptabl e = TRUE ;
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}
functi on conmput eXZangl e( )
{
if (deltaz == 0)
del taz = . 00000001 ;
}
angl e = Mat h. at an(del t aX/ del t az)
if (deltaz < 0) {
TSSR1_XZangl e[ 3] = angle + Math. Pl /2;
}
el se {
TSSR1_XZangl e[3] = angle - Math.Pl/2;
}
TSSR2_XZangl e[ 3] = TSSR1_XZangle[3] + Math.Pl;
print(' Angle =' + TSSR1_XZangl e[ 3]) ;
print (' Angl e2 =' + TSSR2_XZangl e[ 3])
}

function conmput eXYangl e( )

{
angl e = Mat h. asi n(del taY/ di st ance)
TSSR1_XYangl e[ 3] = angle ;
TSSR2_XYangl e[ 3] = - TSSR1_XYangl e[ 3] ;
print('AngleXy =" + TSSR1_XYangle[3]) ;
print (" Angl e2XY =" + TSSR2_XYangl e[ 3]) ;

}

11>

</ Scri pt >

</ Group>

<RQUTE fromNode=" Cal cul at eAngl eScri pt' fronFi el d=' TSSR1_XZangl e’
t oNode=" TSSR1_TRANSFORM toField='rotation'/>

<RQUTE fromNode=" Cal cul at eAngl eScri pt' fronFi el d=' TSSR2_XZangl €'
t oNode="' TSSR2_TRANSFORM toFi el d='rotation'/>
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<ROUTE fronNode=' Cal cul at eAngl eScri pt' frontFi el d=' beaniengt hLi nk1'
t oNode=' TSSR1_BEAMCYLI NDER t oFi el d='range' />
<ROUTE fronmNode=' Cal cul at eAngl eScri pt' fronFi el d=' beanLengt hLi nk2'
t oNode="' TSSR2_BEAMCYLI NDER' t oFi el d=' range' / >
<RQUTE fromNode=" Cal cul at eAngl eScri pt' fronFi el d=' TSSR1_XYangl e’
t oNode="' TSSR1_XY_ TRANSFORM toField="rotation'/>
<ROUTE fromNode=' Cal cul at eAngl eScri pt' fronFi el d=' TSSR2_XYangl e’
t oNode=" TSSR2_XY_TRANSFORM toField="rotation'/>
<RQUTE fromNode=" Cal cul at eAngl eScri pt' fronFi el d=' TSSRIToTSSR2Li nk'
t oNode="' TSSR1_BEAMCYLI NDER t oFi el d=' contact'/>
<ROUTE fromNode=' Cal cul at eAngl eScri pt' fronFi el d=' TSSR2TOTSSRLLi nk'
t oNode=" TSSR2_BEAMCYLI NDER t oFi el d=' contact' />
<ROUTE fromNode=" Cal cul at eAngl eScri pt' fronFi el d=' Vi ewpoi nt Locati on’
t oNode=" TSSRPai r Vi ewpoi nt' toFi el d=" position'/>
<RQUTE fromNode="' Cal cul at eAngl eScri pt' fronFi el d=' Vi ewpoi nt Angl e’
t oNode=" TSSRPai r Vi ewpoi nt' toFi el d="orientation'/>
<ROUTE fromNode=' TSSR2_TRANSM TTER fronField="transmtState'
t oNode="' Cal cul at eAngl eScript' toField="TSSR2_transnitState'/>
<ROUTE fronmNode=' TSSR1L TRANSM TTER fronfield='"transnmtState'
t oNode="' Cal cul at eAngl eScript' toField="TSSRl transnitState' />
<ROUTE fronNode=' TSSR1_RECEI VER fronFi el d='recei verState'
t oNode=" Cal cul at eAngl eScri pt' toFi el d=" TSSR1_receiveState' />
<ROUTE fromNode=' TSSR2_RECH VER fronFi el d='recei ver St at e’
t oNode="' Cal cul at eAngl eScri pt' toFi el d=' TSSR2_recei veState' />

</ Pr ot oDecl ar e>

<Worldlnfo info=""Authors: M ke Hunsberger" "Revised: 30 April 2001" "Purpose: Pair of
CosmoPl ayer"' title="AntennaWrld' />

<Navi gationl nfo type=""EXAM NE' "ANY"'/>

<Pr ot ol nst ance name=' TSSRPai r' >

<fi el dval ue nane=' TSSR1Location' value="0 0 0'/>
<fi el dval ue nane=' TSSR2Locati on' value='50 0 50'/>

</ Pr ot ol nst ance>
<Background groundAngl e=' 1. 57079' groundColor="1 0.8 0.6, 0.6 0.4 0.2' skyAngle='0.2
0.2 1'/>

</ Scene>

</ X3D>

<I-- Tag col or codes: <NodeNane attribute="value'/> -->

TSSRs"

"Browser:

skyColor="11 1, 0.2
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COMMPDUGENERATOR JAVA CODE LISTING

import mil.navy.nps.dis.*;
import mil.navy.nps.disEnumerations.*;
import mil.navy.nps.testing.*; /[ for MulticastPduSender
import mil.navy.nps.util.*;
import java.text.*;
import java.io.*;
import javalang.*;
import java.net.*;
import java.util .*;

/**
*
* Generates default packets for radio family visualizations.
*
* Authors: Mike Hunsberger
* Start Date: 7 June 2001
* Revised: 14 June 2001
* Description: Generates DIS-JAVA-VRML transmitter and receiver Pdus for point
* {0 point communications systems to to drive signals visualizations.

*

*

*<dt><b>Invocation:</b>

*<dd> java CommPduGenerator
*

*

*<P>
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*

*/

public class CommPduGenerator {

private static RecelverPdu rpdu, rpdu2; /I empty receiver pdu to befilled
private static TransmitterPdu tpdu, tpdu2; Il empty transmitter pdu to be filled
private String entityName; I/ entityName

private float pduSendinterval = 1; // seconds

private static boolean DEBUG;
private BehaviorStreamBufferUDP behaviorStreamBufferUDP; // tie in to the network
private String ipAddress;

private int portNumber;

private static int timeToLive = 15; // default ttl convention islocal campus

1
/I Constructors
1
public CommPduGenerator (String name) {
rpdu = new ReceiverPdu(); /I create the receiver pdu
tpdu = new TransmitterPdu() ; /I create transmitter pdu
rpdu2 = new ReceiverPdu(); /I create the receiver pdu
tpdu2 = new TransmitterPdu() ; /I create transmitter pdu

entityName = name,
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DEBUG = true;

/I instantiate a BehaviorStreamBufferUDP to handle the network interface, instantiate with
// the multicast 1P address and port

ipAddress = "224.2.181.145",;

portNumber = 62040;

behaviorStreamBufferUDP = new BehaviorStreamBufferUDP(ipAddress, portNumber);
behaviorStreamBufferUDP.setTimeToLive (timeToLive);

UnsignedShort receiverStatel = new UnsignedShort(2); //16-bit enumeration
UnsignedShort receiverState2 = new UnsignedShort(2); //16-bit enumeration
UnsignedByte transmitterState = new UnsignedByte(2); //16-bit enumeration
UnsignedLong frequency = new UnsignedL ong(14500000) ;
UnsignedShort antennaPatternType = new UnsignedShort(1);  // 16-bits enumeration
short[] entitylD = new short[3]; /I set the espdu DI S entity identifier
entitylD[0] = 0;
entitylD[1] = 1;

entitylD[2] = 1; // TSSR 1 Receiver

rpdu.setEntityl D(entityl D[ 0], entityl D[1], entityl D[2]);
System.out.println("rpdu entity ID isset to [" + rpdu.getEntityl D().toString() + "]™);
rpdu.setReceiverState(receiverStatel);

/I rpdu.setMarking ("Receiver");

/Il System.out.printin("espdu marking isset to [ + rpdu.getMarking() + "]");

entitylD[2] = 2; // TSSR 2 Receiver
rpdu2.setEntityl D(entityl D[0], entitylD[1], entitylD[2]);
System.out.println("rpdu entity ID isset to [* + rpdu2.getEntityl D().toString() + "1");
rpdu2.setReceiverState(receiverState?);
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/I rpdu.setMarking ("Receiver");
Il System.out.printin("espdu marking isset to[" + rpdu.getMarking() + "]");

short[] transmitterEntitylD = new short[3]; /I set the espdu DI S entity identifier
transmitterEntityl D[O] = O;
transmitterEntitylD[1] = 1,
transmitterEntitylD[2] = 5; // TSSR 2 Transmitter

tpdu.setEntityl D(transmitterEntityl D[ 0], transmitterEntityl D[1], transmitterEntityl D[2]);
System.out.println("tpdu entity ID isset to [* + tpdu.getEntityl D().toString() + "]");

tpdu.setFrequency(frequency) ;

tpdu.setTransmitState(transmitter State) ;

tpdu. setA ntennaPatternType(antennaPatternType) ;

transmitterEntitylD[2] = 6; // TSSR 2 Transmitter
tpdu2.setEntityl D(transmitterEntityl D[ O], transmitterEntityl D[ 1], transmitterEntityl D[2]);
System.out.printin("tpdu entity ID isset to [" + tpdu2.getEntityl D().toString() + "1");
tpdu2.setFrequency(frequency) ;
tpdu2.setTransmitState(transmitterState) ;
tpdu2.setAntennaPatternType(antennaPatternType) ;

} // end constructor

I

// Utility Methods

I

public void debug(String message){
if(DEBUG){

System.out.println(message);
} Il end if
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} 1/ end debug

private void send( ) {
while (true) {
UnsignedShort receiverState = new UnsignedShort(1);
rpdu.setReceiver State(receiver State) ;
rpdu2.setReceiverState(receiverState) ;
UnsignedByte transmitterState = new UnsignedByte(1);
tpdu.setTransmitState(transmitter State) ;
tpdu2.setTransmitState(transmitterState) ;
for (inti =0;i <10; i++) {
rpdu.makeTimestampCurrent();
behaviorStreamB ufferUDP.sendPdu(rpdu, ipAddress, portNumber);
rpdu2.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(rpdu2, ipAddress, portNumber);
System.out.printIn(" Sent PDU") ;
tpdu.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(tpdu, ipAddress, portNumber);
tpdu2.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(tpdu2, ipAddress, portNumber);
System.out.printIn(" Sent Transmitter PDU") ;
try{
Thread.deep(500);
} Il end try
catch (InterruptedException ie){ }
}
receiverState = new UnsignedShort(2);
rpdu.setReceiverState(receiver State) ;
rpdu2.setReceiver State(receiverState) ;
transmitterState = new UnsignedByte(2);
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tpdu.setTransmitState(transmitter State) ;
tpdu2.setTransmitState(transmitterState) ;

for (inti =0;i<10; i++) {
rpdu.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(rpdu, ipAddress, portNumber);
rpdu2.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(rpdu2, ipAddress, portNumber);
System.out.printin(" Sent PDU") ;
tpdu.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(tpdu, ipAddress, portNumber);
tpdu2.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(tpdu2, ipAddress, portNumber);
System.out.println("Sent Transmitter PDU") ;

try{
Thread.sleep(500);
} I/ endtry
catch (InterruptedException ie){ }
}
receiverState = new UnsignedShort(0);

rpdu.setReceiver State(receiver State) ;
rpdu2.setReceiverState(receiverState) ;
transmitterState = new UnsignedByte(0);
tpdu.setTransmitState(transmitterState) ;

tpdu2.setTransmitState(transmitterState) ;

for (inti =0;i <5;i++) {
rpdu.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(rpdu, ipAddress, portNumber);
rpdu2.makeTimestampCurrent();
behaviorStreamBufferUDP.sendPdu(rpdu2, ipAddress, portNumber);
System.out.printin(" Sent PDU") ;
tpdu.makeTimestampCurrent();
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behaviorStreamBufferUDP.sendPdu(tpdu, ipAddress, portNumber);

tpdu2.makeTimestampCurrent();

behaviorStreamBufferUDP.sendPdu(tpdu2, ipAddress, portNumber);

System.out.printIn(" Sent Transmitter PDU") ;

try{
Thread.sleep(500);
} Ilend try
catch (InterruptedException ie){}
}
}
}
Itk
/I Main
I

public static void main(String[] args){

boolean ttiIMatch = falsg;
boolean rtpMatch = false;

CommPduGenerator communicator = new CommPduGenerator("Comm1");

I/l WorldCoordinate startPos = new WorldCoordinate(5.0, 3.0, 2.0);

/I create startPos
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/I receiver.rpdu.setEntityL ocation(startPos);
communicator.rpdu.setRtpHeader Enabled(rtpMatch);
communicator.tpdu.setRtpHeaderEnabled(rtpMatch) ;

communicator.rpdu2.setRtpHeaderEnabl ed(rtpMatch);
communicator.tpdu2.setRtpHeaderEnabled(rtpMatch) ;

while (true) {
communicator.send( ) ;
try{
Thread.dleep(500);
} I/ endtry
catch (InterruptedException ie){}
} I/ end while

} // end main
} I/ end class

/I set start Pos
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TRC-170 TROPOSPHERIC SCATTER MICROWAVE RADIO TERMINAL

APPENDIX F.
PROTOTYPES

A. TRC-170 TROPOSPHERIC SCATTER MICROWAVE RADIO TERMINAL MODELS

This appendix contains code for the TRC-170 Tropospheric Scatter Microwave Radio models that are used throughout this thesis. They are

available at:

http://web.nps.navy.mil/~brutzman/vrml/examples/NpsMilitaryM odel § Communi cationsA ndSensors/ TRC- 170/chapter.html

This appendix contains the following files of X3D Code:

TRC-170Dish
TRC-170Tripod
TRC-170
TRC-170PairPrototype
TRC-170PairExample

AX4



TRC-170 TROPOSPHERIC SCATTER MICROWAVE RADIO TERMINAL DISH

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLI C "http://ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dt d"

<X3D>

"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dtd" >

<Header >

N Body. xm ' />
w

<meta nanme='fil ename’ content="TRCL70-Di sh.xm"'/>

<neta nane='author' content='M ke Hunsberger'/>

<nmeta name='created content="7 My 2001'/>

<neta name='revi sed content='17 May 2001'/>

<neta nane='description' content='Di sh of TRC 170 | ong-range SHF comuni cation system It operates in 3
nodes: Direct point-to-point link (< 30 nmiles); Tropospheric shot (up to 100 or 150 miles, depending on
system version); Defraction shot over an a terrain feature or object in the path ( < 50 mles).'/>
<meta nanme='url’

content="http://web.nps.navy. ml/~brutzman/vrm /NpsM | itaryMdel s/ Comuni cati onsAndSensor s/ TRC170/ TRC170-

<meta nanme='generator' content='X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/ t ransl ati on/ README. X3D-Edit. htm '/ >

</ Header >
<Scene>

<Navi gationlnfo type=""EXAM NE", "ANY"'/>

<Background groundAngl e=' 1. 57079' groundColor="1 0.8 0.6, 0.6 0.4 0.2' skyAngle='0.2" skyColor="11 1, 0.2
0.2 1'/>

<G oup DEF=' TRC170Body' >

<Tr ansf or n»
<Shape>
<Ext rusi on begi nCap='fal se' convex='fal se' crossSection="1 0, .866 .5,

.707 .707, .5 .866, 01, -.5 .866, -.707 .707, -.866 .5, -1 0, -.866 -.5,
-.707 -.707, -.5-.866 0 -1, .5 -.866,.707 -.707, .866 -.5, 10
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endCap='fal se' scale='.001 .001, 1.5 1.5 solid="fal se'
SA:);ear ance DEF=' Dar kG een' >

<mwaterial diffuseColor=".1 .5 .1/>
</ Appear ance>

</ Shape>

</ Tr ansf or n»
<G oup DEF=' Col ums' >

<Transformrotation="0 0 1 1.57" translation=".5 0 .35"'>
<Shape DEF='col um' >

<Cyli nder height="1" radius=".05"/>
<Appear ance>

<material diffuseColor=".2 .2 .2'/>
</ Appear ance>
</ Shape>

</ Tr ansf or n»
<Transformrotation=0 0 1 1.57" translation=".5 0 -.35"'>

<Shape USE='col umm'/>

</ Tr ansf or n»
<Transformrotation="0 0 1 1.57" translation=".5 .35 0'>

<Shape USE=' col um' />

</ Tr ansf or n»
<Transformrotation=0 0 1 1.57'" translation="'.5 -.35 0'>

<Shape USE='col umm'/>

</ Tr ansf or n»

spine="0 0 O,

.15 0
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</ G oup>
<G oup>

<Transformtranslation="1 0 0' >
<Shape>

<Box size='.1 .05 .7'/>
<Appear ance>

<Material diffuseColor=".2 .2 .2'/>
</ Appear ance>
</ Shape>

</ Tr ansf or n»
<Transformtranslation="1 0 0' >

<Shape>

<Box size='".1 .7 .05 />
<Appear ance>

<Material diffuseColor=".2 .2 .2'/>
</ Appear ance>
</ Shape>

</ Tr ansf or n»
<Transformtranslation=".9 0 0' >

<Shape>

<Sphere radius=".1"/>
<Appear ance USE=' Dar kG een'/>

</ Shape>

</ Tr ansf or n»
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</ G oup>

</ Gr oup>
</ Scene>
</ X3D>>
<l-- Tag color codes: <NodeNane attribute='value' /> -->



C. TRC-170 TROPOSPHERIC SCATTER MICROWAVE RADIO TERMINAL TRIPOD

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLI C "htt p://www. web3D. or g/ TaskG oups/ x3d/ t ransl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dtd" >

<X3D>
<Header >
<meta nane='fil ename' content="TRC170-Body. xm ' />
<meta nanme='author' content='M ke Hunsberger'/>
<neta name='created' content="7 May 2001'/>
<neta name='revi sed content='12 May 2001'/>
<met a nanme=' description' content="Body of and dish of TRC-170. A TRC-170 is a | ong-range SHF
comuni cation system |t operates in 3 nodes. 1)Direct point-to-point link (< 30 mles). 2) Tropospheric
shot (up to 100 or 150 miles, depending on systemversion). 3) Defraction shot over an a terrain feature
or object inthe path ( < 50 mles).'/>
<meta nanme='url"’
B content="http://web.nps.navy. ml|/~brutzman/vrm /NpsM | itaryMdel s/ Communi cati onsAndSensor s/ TRC170/ TRC170-
~ Body. xm ' />
<meta name='generator' content='X3D Edit,
http: //ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ READVE. X3D-Edit. htm '/ >
</ Header >
<Scene>

<Navi gationl nfo type=""EXAM NE", "ANY"'/>

<Background groundAngl e=' 1. 57079' groundColor="1 0.8 0.6, 0.6 0.4 0.2' skyAngle='0.2" skyColor="11 1, 0.2
0.2 1/>

<G oup DEF=' TSSRBody' >

<Tr ansfor nm»
<Shape>

<Extrusi on begi nCap='fal se' convex='fal se' crossSection="1 0, .866 .5,
.707 .707, .5 .866, 01, -.5 .866, -.707 .707, -.866 .5, -1 0, -.866 -.5,
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-.707 -.707, -.5 -.866 0 -1,
endCap='fal se' scal e='.001 .

0'/>

.5 -.866,.707 -.707, .866 -.5, 1 0
001, 1.5 1.5 solid="false' spine=0 0 0, .15

<Appear ance DEF=' DarkG een' >

<Material diffuseColor=".1 .5 .1'/>

</ Appear ance>
</ Shape>

</ Tr ansf or n»
<G oup DEF=' Col ums' >

<Transformrotation="0 0 1 1.57
<Shape DEF='col um' >

<Cyl i nder height="1"
<Appearance>

translation=".5 0 .35 >

radi us='.05"/>

<Material diffuseColor=".2 .2 .2'/>

</ Appear ance>
</ Shape>

</ Tr ansf or n»
<Transformrotation="0 0 1 1.57

<Shape USE='col um'/>

</ Tr ansf or
<Transformrotation="0 0 1 1.57

<Shape USE=' col um'/>

</ Tr ansf or n»
<Transformrotation="0 0 1 1.57

<Shape USE='col um'/>

translation=".5 0 -.35"'>

translation=".5 .35 0' >

translation=".5 -.35 0' >

0
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</ Tr ansf or n»

</ Gr oup>
<G oup>

<Transformtranslation="1 0 0" >
<Shape>

<Box size='.1 .05 .7'/>
<Appear ance>

<Material diffuseCol or=
</ Appear ance>
</ Shape>

</ Tr ansf or n»
<Transformtranslation="1 0 0' >

<Shape>

<Box size='.1 .7 .05 />
<Appear ance>

<Material diffuseColor='
</ Appear ance>
</ Shape>

</ Tr ansf or
<Transformtranslation='.9 0 0' >

<Shape>

<Sphere radius=".1"/>
<Appear ance USE=' Dar kG een'/>

</ Shape>

2.2 .2 1>

2.2 .2'1>



0ce

</ Tr ansf or n»

</ Gr oup>
</ Group>
</ Scene>
</ X3D>>
<I-- Tag color codes: <NodeNane attribute="value' /> -->
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TRC-170 TROPOSPHERIC SCATTER MICROWAVE RADIO TERMINAL

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLI C "htt p://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dtd" >

<X3D>
<Header >

<nmeta nanme='fil ename’ content="TRC170.xm ' />

<meta nane=' author' content='"M ke Hunsberger'/>

<neta name='created' content='17 May 2001'/>

<neta name='revi sed content='17 May 2001'/>

<meta nanme='description' content='"A TRC-170 is a | ong-range SHF comuni cation system It operates in 3

nmodes: Direct point-to-point link (< 30 nmiles); Tropospheric shot (up to 100 or 150 miles, depending on

system version); Defraction shot over an a terrain feature or object in the path ( < 50 nmles).'/>
<meta name="url'

content="http://web. nps. navy. m |/ ~brut zman/ vrm / NosM | i t ar yModel s/ Communi cat i onsAndSensor s/ TRC170/ TRC170-
Tripod. xm ' />

<meta nanme='generator' content='X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/ t ransl ati on/ README. X3D-Edit. htm '/ >

</ Header >
<Scene>

<Navi gationlnfo type=""EXAM NE", "ANY"'/>

<Vi ewpoi nt description="TRCL70 Stand' position="0 0 20'/>

<Background groundAngl e='1.57079" groundColor="1 0.8 0.6, 0.6 0.4 0.2' skyAngle="0.2" skyColor="1 1 1,
0.2 1/>

<Transformtranslation="0 -2.8 0'>

<Inline url=""TRC170- Tri pod. wl" "TRCL70- Tri pod. xm "

"../../Comrunicati onsAndSensors/ TRC170/ TRC170- Tri pod. wr | "

"../../Comruni cati onsAndSensors/ TRC170/ TRC170- Tri pod. xm "

"http://web. nps. navy. nm | / ~brut zman/ vrm / NosM | i t ar yModel s/ Conmmuni cat i onsAndSensor s/ TRC170/ TRC170-
Tripod. wrl"

0.2
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"http://web. nps. navy. m |/ ~brut zman/ vrm / NosM | i t ar yModel s/ Comruni cat i onsAndSensor s/ TRC170/ TRC170- Tri pod. xm "' />

</ Tr ansf or n»
<Transformtranslation="1 2 0'>

<Inline url=""TRC170- Di sh.w|" "TRC170-Di sh. xm "
"../../Comrunicati onsAndSensors/ TRC170/ TRC170- Di shwr | "
"../../Comuni cati onsAndSensor s/ TRC170/ TRC170- Di sh. xm "
"http://web. nps. navy. m |/ ~brut zman/ vrml / NosM | i t ar yModel s/ Conmruni cat i onsAndSensor s/ TRC170/ TRC170-Di sh. wrl "
"http://web. nps. navy. m |/ ~brutzman/ vrm / NpsM | i t ar yModel s/ Comuni cati onsAndSensor s/ TRC170/ TRC170- Di sh. xm "' />
</ Transf or n»
</ Scene>

</ X3D>

<l-- Tag col or codes: <NodeName attribute='value' /> -->



E. TRC-170 TROPOSPHERIC SCATTER MICROWAVE RADIO TERMINAL PAIR PROTOTYPE

<?xm version="1.0" encodi ng="UTF-8"?>
<I DOCTYPE X3D PUBLI C "http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dt d"
"file://local host/C:/ww. web3D. or g/ TaskG oups/ x3d/ t ransl at i on/ x3d- conpact . dtd" >

<X3D>
<Header >

<nmeta name='fil ename' content='"TRC170-PairPrototype.xm'/>
<met a name='description' content="A Pair of TRG170s. A TRC 170 is a |ong-range SHF conmuni cati on system

It operates in 3 nmbdes. 1)Direct point-to-point link (< 30 mles). 2) Tropospheric shot (up to 100 or 150,
m | es dependi ng on systemversion). 3) Defraction shot over an a terrain feature or object in the path ( <
50 mles).'/>

<neta name='aut hor' content="M ke Hunsberger'/>

<meta nane='created' content='8 May 2001' />

<meta nanme='revised' content='22 May 2001'/>

<neta name='url’

N content="http://web.nps.navy. ml|/~brutzman/vrm /NpsM | itaryMdel s/ Comruni cati onsAndSensor s/ TRC170/ TRC170Pai r Pr ot ot ype. xm '
W/ >

<meta nanme='generator' content="X3D Edit,

http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ README. X3D-Edit. htm '/ >

</ Header >
<Scene>

<Ext er nPr ot oDecl ar e nane=' BeanCyl i nder' nodeTypeH nt="Transform
url=""../../Communi cati onsAndSensor s/ Beani BeanCyl i nder Prot ot ype. w| "

"../../Comuni cati onsAndSensor s/ Beanf BeanCyl i nder Pr ot ot ype. xm "' >

<l -- contact: (conmmunications) is transmitted signal in contact with receiver, or, (sensor) is a target
return detected? -->

<l -- range: distance in nmeters along x axis -->

<! -- defaul tRange: distance in neters, used until eventln range sent -->

<! -- beanHeight: meters across vertical y axis -->

<! -- beanW dth: neters across horizontal z axis -->

<l -- transparency: 1 = fully transparent, wireframe only -->



vee

<l-- eventln, eventQut and field semantics nust be retai ned due to exposedField not being allowed in

VRML 97 scripts (unfortunately) -->

<field nane='contact' type='Bool ean' vrm 97Hi nt="eventin'/>

<field nane='range' type='Float' vrm 97Hi nt="event
<field nane=' def aul t Range' type='Float' vrm 97Hi nt

In'/>
='field />

<field name="'wi reframe' type='Boolean' vrm 97H nt="field />
<field nane='solid type=' Boolean' vrm 97Hint="field />
<field name='beanHei ght' type='Float' vrm 97Hint="field />

<field name='beanWdth' type='"Float' vrm 97Hi nt="f
<field nane='contact Color' type='Color' vrm 97Hi nt
<field nane=' noContact Col or' type='Color' vrm 97Hi
<field nane='transparency' type='Float' vrm 97Hi nt

</ Ext er nPr ot oDecl ar e>

ield />
='field />
nt="field />
='field />

<Ext er nPr ot oDecl ar e name=' BeanCone' nodeTypeH nt =" Tr ansf orm
url=""../../Conmuni cat i onsAndSensor s/ Bean BeanConePr ot ot ype. wr | "

"../../Conmmuni cati onsAndSensor s/ Beam BeantTonePr ot ot ype.

xm "

“file:///C/vrtpl/deno/ auv/ BeanConePrototype.wl" "file:///D|/vrtp/deno/auv/BeanConePr ot otype. wl"
"http://web.nps. navy. m |/ ~brut zman/ vrt p/ deno/ auv/ BeanConePr ot ot ype. wr | "
"http://ww. web3D. or g/ Wr ki ngG oups/ vrt p/ deno/ auv/ BeanConePr ot ot ype. wr| "' >

<l -- contact: (comunications) is transmtted signal in contact with receiver, or, (sensor) is a
target return detected? -->
<l -- range: distance in neters along x axis -->

<! -- defaul tRange: distance in neters, used until eventln range sent -->

<! -- beanHei ght Degrees: degrees across vertical y axis -->

<! -- beanmW dt hDegrees: degrees across horizontal z axis -->

<l -- transparency: 1 = fully transparent, wireframe only -->

<l -- eventln, eventQut and field semantics nust be retai ned due to exposedField not being allowed in

VRML 97 scripts (unfortunately) -->

<field name='contact' type='Bool ean' vrm 97Hi nt="eventin'/>

<field nane='range' type='Float' vrm 97H nt="event
<field nane=' def aul t Range' type='Float' vrm 97Hi nt

<field name="wi reframe' type='Bool ean' vrm 97Hi nt=

In' />
='field />
"field />

<field nane='solid type=' Boolean' vrm 97Hint="field />
<field name=' beantei ght Degrees’' type='Float' vrm 97Hint="field />
<field nane=' beamW dt hDegrees' type='Float' vrm 97H nt="field' />

<field nane='contact Col or' type='Color' vrm 97Hi nt
<fi el d nanme=' noCont act Col or' type='Col or' vrm 97Hi
<field nane='transparency' type='Float' vrm 97Hi nt

</ Ext er nPr ot oDecl ar e>

= field />
nt="field />
='field />
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<l -- ExternProtoDeclare definitions nust be included verbatim-->

<l -- PROTO consists of two TRC170 for long range (up to 100 nile) point-to-point comruni cati on. TRC170s
can be used in 3 different settings. The first is a direct link of up to 30 niles. The second is a
defraction setting over an obstruction in the path. The third is a tropospheric scatter shot of up to 100
mles in which the signal is bounced off the troposphere. This PROTO al |l ows specification for the initial
pl acement of each TSSR It automatically calculates the correct angle to conplete the link. -->

<Pr ot oDecl are name=' TRC170Pai r' >

<field nanme=' TRClLocation' type='Vector3Fl oat' value="1 1 1’

| S=' Cal cul at eAngl eScri pt. TRClLocati on TRC1L_TRANSFORM translation' vrm 97H nt="field' />
<field nane=' TRC2Locati on' type='Vector3Fl oat' value=0 0 0O

| S=' Cal cul at eAngl eScri pt. TRC2Locati on TRC2_TRANSFORM transl ati on' vrm 97Hi nt="field' />
<field nane=' Qperati nghvbde' type='String' val ue='Dl RECT'

| S=' Cal cul at eAngl eScri pt. Operati ngvbde' vrm 97Hint="field' />
<G oup>

<Transf orm DEF=' H ghAboveXZTransl ati on' >

<Vi ewpoi nt DEF=' Hi ghAbove' description="H gh Above TRC170
orientation="1 0 0 -1.4" position="00 0'/>

</ Tr ansf or m>
<Vi ewpoi nt DEF=' TRCLVi ewpoi nt' descri ption="TRC170 #1'/>

<Vi ewpoi nt DEF=' TRC2Vi ewpoi nt' descri ption="TRCL70 #2'/>
<LOD range=' 200000' >

<l-- TRC 1 Two Transforns. One in the XZ plane, the second in the XY
pl ane. Inlines for the TRC body, stand, and the donme pattern. -->
<Tr ansf orm DEF=' TRCL_TRANSFORM translation="-2 0 0'>

<Tr ansf or m DEF=" TRC1_XY_TRANSFORM
translation="15 0' >

<I nli ne DEF=' TRCBody'

url=""../../Comruni cati onsAndSensors/ TRC170/ TRC170-Di sh. wr | "
"../../Communi cati onsAndSensors/ TRC170/ TRC170- D sh. xm "
"TRC170-Di sh.wl" "TRC170- Di sh. xm "' />

<Transform DEF=' TRC1Cone' translation="2 0

0>

<Swi t ch DEF=' BeanBwi t ch'
whi chChoi ce=' 0" >
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<G oup>

<Pr ot ol nst ance
DEF=' TRC1_BEAMCYL| NDER
nanme=' BeanCyl i nder' >

<fiel dval ue
name="' def aul t Range
val ue="10'/>

<fi el dval ue
nane='range'
val ue='10'/>

<fi el dval ue
name=' beanHei ght
value="1.5/>

<fi el dval ue
nane=' bean dt h'
value="1.5"/>

<fi el dval ue
nanme='transparency
value="0.2"/>

<fi el dval ue
name='w refrane
val ue="true'/>

<fi el dval ue
nane='solid'
val ue="true'/>

<fi el dval ue
nane=' cont act Col or'
val ue='.3

.5

.5 />

<fi el dval ue
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nanme=' noCont act Col or'
val ue='.8

.1

1>

</ Pr ot ol nst ance>

</ Group>
<G oup>

<Pr ot ol nst ance
DEF=" TRC1_BEAMCONE
name=' BeantCone' >

<fi el dval ue
nane=' def aul t Range’
val ue="10"'/>

<fiel dval ue
nane=' beanHei ght Degr ees'
val ue="'2"'/>

<fi el dval ue
nane=' beanmW dt hDegr ees
val ue="'2'/>

<fi el dval ue
nane='transparency
value="0.2'/>

<fi el dval ue
name='w refrane
val ue="true'/>

<fi el dval ue
nanme='solid'
val ue="true'/>

<fi el dval ue
nanme=' noCont act Col or'
val ue='.8

.1
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1>

<fi el dval ue

nane=' cont act Col or'
val ue='.3

.5

.5 />

</ Prot ol nst ance>
</ Group>
</ Swi t ch>
</ Tr ansf or >

</ Tr ansf or >
<Tr ansf or np

<Inline DEF=' TRCSt and’

url=""../../Communi cati onsAndSensor s/ TRC170/ TRC170- Tri pod. wr | "
"../../Conmmuni cati onsAndSensor s/ TRC170/ TRC170- Tri pod. xm "
"TRC170-Tri pod. wl" "TRCL70-Tri pod. xm "' />

<LOD range=' 500" >

<Tr ansf or >
<Vi ewpoi nt
descri pti on=' TRC170
Si de View
position="0 5 40'/>

</ Tr ansf or >
<Transfornf >

</ LOD>
</ Tr ansf or n»
</ Tr ansf or n»

<Wrldlinfo info="null node for no rendering when distant'/>
<Script DEF='TransmitScript'>
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<field nanme='transState' type='Integer’
vrm 97Hi nt =" eventIn' />

<field nane='size' type='Vector3Float'
vrm 97Hi nt ="' eventQut' />

<! [ CDATA[
javascript:

function initialize ()
{
size = new SFVec3f (100, 100, 100) ;
print(' TransmitScript initialize() conplete') ;
}
/1 function nane matches eventln variable nane (' hour')
/1 hourVal ue captures the new val ue of the ROUTE hour event
// mnutes is just the current field val ue

function transState (newval ue, tinestanp)

{
transnitState = newval ue ;
if (transmtState == 3) {
size = new SFVec3f (10, 10, 10) ;
}
el se {
size = new SFVec3f (100, 100, 100) ;
}
print('size ="' + size) ;
}
11>
</ Scri pt >

</ LOD>
<LOD range='200000' >

<l-- TRC 2 Two Transforns. One in the XZ plane, the second in the XY
pl ane. Inlines for the TRC body, stand, and the done pattern. -->
<Transf orm DEF=' TRC2_TRANSFORM translation='-2 0 0'>
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<Tr ansf or m DEF=" TRC2_XY_TRANSFORM
translation="1 5 0'>

<I nline USE=' TRCBody' / >
<Transform DEF=' TRC2Cone' translation="2 0
0>

<Swi t ch DEF=' BeanSwi t ch2
whi chChoi ce='0"' >

<G oup>

<Pr ot ol nst ance
DEF=" TRC2_BEAMCYL| NDER
nanme=' BeanCyl i nder' >

<fiel dval ue
name=" def aul t Range
val ue='10'/>

<fiel dval ue
name='range
val ue=" 10"/ >

<fi el dval ue
nane=' beantei ght
value="1.5/>

<fi el dval ue
nanme=' beanW dt h'
value="1.5/>

<fi el dval ue
name='transparency
value="0.2"'/>

<fi el dval ue
name="'w refrane'
val ue='true'/>

<fi el dval ue
name='solid
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val ue="true'/>

<fiel dval ue
nane=' cont act Col or'
val ue='.3

.5

.5 />

<fi el dval ue
nanme=' noCont act Col or'
val ue='.8

.1

L1t >

</ Pr ot ol nst ance>

</ Gr oup>
<G oup>

<Pr ot ol nst ance
DEF=" TRC2_BEAMCONE
nanme=' BeanCone' >

<fiel dval ue
name="' def aul t Range
val ue='10'/ >

<fi el dval ue
name=' beanmHei ght Degr ees
val ue="2'/>

<fiel dval ue
nane=' beam dt hDegr ees
val ue='2"'/>

<fi el dval ue
name='transparency
value="0.2'/>

<fi el dval ue
name='w refrange'
val ue='true'/>
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<fi el dval ue
nane='solid'
val ue="true'/>

<fi el dval ue

nanme=' noCont act Col or'

val ue='.8
.1
L1t >

<fi el dval ue
nane=' cont act Col or'
val ue='.3
.5
.5 />

</ Pr ot ol nst ance>

</ Gr oup>
</ Swi tch>

</ Tr ansf or n»

</ Tr ansf or n»
<Tr ansf or np

<l nline USE=' TRCSt and' / >
<LOD range=' 500" >

<Tr ansf orne

<Vi ewpoi nt
descri pti on=' TRC170
Si de View
position="0 5 40'/>

</ Tr ansf or n»
<Transform >

</ LOD>
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</ Trans

</ Tr ansf or n»
<Script DEF=

<field

fornp

"Transmit Script2' >

name='transState' type='Integer'

vrim 97Hi nt ="' eventIn' />

<field

nane='si ze' type='Vector3Fl oat"

vrm 97Hi nt =" eventQut' />

<! [ CDAT
j avascr

functio

{

}

Al
i pt:

ninitialize ()

size = new SFVec3f (100, 100, 100) ;
print('TransmitScript initialize() conplete') ;

/1 function nane matches eventln variable name (' hour")
/'l hour Val ue captures the new val ue of the ROUTE hour event

1 m

functio

{

}
11>
</ Scri pt >

</ LOD>
<!-- This script

nutes is just the current field value
n transState (newval ue, tinestanp)
transmtState = newval ue ;

if (transmtState == 3) {
size = new SFVec3f (10, 10, 10) ;

}
el se {
size = new SFVec3f (100, 100, 100) ;
}
print('size ="' + size) ;

is used to calculate the corresponding rotation angles so the TSSRs wi | |
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be pointed at each other -->
<Scri pt DEF=' Cal cul at eAngl eScri pt' >

eventQut' />
eventQut' />
eventQut'/>

<field name=' TRClLocation' type='Vector3Float' vrm 97H nt="field />
<field nanme=' TRC2Location' type='Vector3Fl oat' vrm 97H nt="field' />
<field name=' Qperati ngvbde' type='String' vrm 97Hint="field />
<field nanme=' TRC1_XZangl e' type='Rotation' vrm 97Hi nt="eventQut'/>
<field nane=' TRC2_XZangl e' type='Rotation' vrm 97H nt="eventQut'/>
<field name=' beanScal e’ type='Vector3Fl oat' vrm 97H nt="eventQut'/>
<field name=' TRCl_beaniength' type='Float' vrm 97Hi nt='

<field name=' TRC2_beanlength' type='Float' vrm 97H nt='

<field name=' TRC1_XYangl e' type='Rotation' vrm 97H nt='

<field name=' TRC2_XYangl e' type='Rotation' vrm 97H nt='

eventQut' />

<field name='Li nkEst ablished' type='Boolean' vrm 97H nt="eventCQut'/>

<field nane=' TRCL_Vi ewpoi nt' type=' Vector 3Fl oat'
vrm 97Hi nt =" eventQut ' / >
<field nane=' TRC2_Vi ewpoi nt' type=' Vector 3Fl oat'
vrm 97Hi nt =" event Qut "' / >

<field nanme=' TRC1_Vi ewpoi nt Angl e' type='Rotation'

vrm 97Hi nt =" eventQut' />

<field name=' TRC2_Vi ewpoi nt Angl e' type='Rotation'

vrm 97Hi nt ="' eventQut' />

<field nanme=' H ghAboveVi ewpoi nt' type=' Vector 3Fl oat"’

vri 97Hi nt ="' eventQut' />

<fi el d name=' Hi ghAboveTransl ati onAngl e' type='Rotation'

vrm 97Hi nt =" eventQut' />

<field name=' Whi chBeaml type='Integer' vrm 97Hi nt="eventQut'/>

<! [ CDATA[
javascri pt:

function initialize ()

{
print(' TRC1 ' + TRClLocation) ;
print (' TRC2 ' + TRC2Location) ;

print('TransmitScript initialize() conplete')

active = TRUE ;

TRC1_XZangl e = new SFRotation(0, 1, O,
TRC2_XZangl e = new SFRotation(0, 1, O,
TRC1_XYangl e = new SFRotation(0, 0, 1,
TRC2_XYangl e = new SFRotation(0, 0, 1,

XZangl e = new SFRotation(0, 1, 0, 0) ;
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XYangl e = new SFRotation(0, 0, 1, 0) ;

TRC1_Vi ewpoi nt Angl e = new SFRotation(0, 1, 0, 0) ;

TRC2_Vi ewpoi nt Angl e new SFRotation(0, 1, 0, 0) ;

Hi ghAboveVi ewpoi nt Angl e new SFRotation(1, 0, 0, 0) ;

H ghAboveTr ansl ati onAngl = new SFRotation(0, 1, 0, 0) ;

o I

beantScal e = new SFVec3f () ;
center new SFVec3f () ;
TRC1_Vi ewpoi nt new SFVec3f ( ) ;
TRC2_Vi ewpoi nt new SFVec3f () ;

Hi ghAboveVi ewpoi nt = new SFVec3f ( ) ;
Li nkEst abl i shed = TRUE;
print (' OperatinghMde =' + QperatinghMde) ;
conput e(active) ;
}
function conpute ( )
{
if (OperatingMde == 'DI RECT') {
VWi chBeam = 0 ;
conput eDi stance( ) ;
conmput eXZangl e( );
conput eXYangl e( ) ;
}
if (OperatingMde == 'TROPOSCATTER ) ({
Wi chBeam = 1 ;
centerX = (TRC2Location[0] - TRClLocation[0])/2 ;
centerZz = (TRC2Location[2] - TRClLocation[2])/2 ;
XZDi st ance = Math.sqrt(centerX * centerX + centerZ * centerZ2);
center[0] = TRClLocation[0] + centerX;
center[1] = 15000 ; // vertical height of troposphere
center[2] = TRClLocation[2] + centerZ
print(' TRCL ="' + TRClLocation) ;
print('center ="' + center) ;
print(' TRC2 = ' + TRC2Location) ;

conput eTr opoDi st ance( TRClLocati on, center) ;
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conput eTr opoXZangl e( );
conput eTr opoXYangl e( ) ;
TRC1_beaniength
TRC1_XZangl e

TRC1_XYangl e

tropoDi st ance- 2;
XZangl e;
XYangl e;

conput eTr opoDi st ance( TRC2Locati on, center)
conput eTr opoXZangl e( );
conput eTr opoXYangl e( ) ;
TRC2_beaniengt h
TRC2_XZangl e

TRC2_XYangl e

tropoDi st ance-2;
XZangl e;
XYangl e;

}

TRC1_Vi ewpoi nt [ 0] TRClLocation[0] + Math.sin(TRCL_XZangl e[ 3] - 1.57)*40;
TRC1_Vi ewpoi nt [ 1] TRClLocation[ 1] + 10;
TRC1_Vi ewpoi nt [ 2] TRClLocation[ 2] +Math.cos(TRCl_XZangle[3] - 1.57)*40;
print (' TRCL_Vi ewpoi nt '+ TRC1_Vi ewpoi nt) ;
TRC1_Vi ewpoi nt Angl e[ 3] = TRCl1_XZangle[3] - 1.57 ;

TRC2Location[0] + Math.sin(TRC2_XZangle[3] - 1.57)*40 ;
TRC2Location[ 1] + 10;
TRC2_Vi ewpoi nt [ 2] TRC2Location[ 2] + Math.cos(TRC2_XZangl e[ 3] - 1.57)*40;
TRC2_Vi ewpoi nt Angl e[ 3] TRC2_XZangl e[ 3] 1.57 ;
print (" TRC2_Vi ewpoi nt '+ TRC2_Vi ewpoi nt) ;

TRC2_Vi ewpoi nt [ 0]
TRC2_Vi ewpoi nt [ 1]

Hi ghAboveVi ewpoi nt [ 0] center[0] + Math.sin(TRCL_XZangl e[ 3])*3000 ;

H ghAboveVi ewpoi nt [ 1] = center[1] + 5000;
H ghAboveVi ewpoi nt [ 2] = center[2] + Math.cos(TRC1_XZangl e[ 3])*3000 ;
print (' H ghAboveVi ewpoi nt "+ Hi ghAboveVi ewpoi nt) ;
I Hi ghAboveVi ewpoi nt Angl e[ 3] = Mat h. cos(TRC1_XZangl e[ 3]) ;
H ghAboveTr ansl ati onAngl e[ 3] = TRC1_XZangl e[ 3] ;
[l print('H ghAboveTransl ationle "+ Hi ghAboveVi ewpoi nt Angl e)
print (' H ghAboveXZTransl ati onAngl e ' +Hi ghAboveTr ansl ati onAngl e)
}
functi on conput eTropoDi stance(locl, loc2 )
{

tropoDel t aX = (loc2[0] - locl[O0O]) ;
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tropoDel taY = (loc2[1] - locl[1]) ;

tropoDel taz = (loc2[2] - locl[2]) ;

tropoDi st anceSquar ed = tropoDeltaX * tropoDeltaX + tropoDeltaY * tropoDeltaY +
tropoDeltaz * tropoDeltazZ ;

print('Di stance Squared =' + tropoDi stanceSquared) ;

tropoDi st ance = Math.sqgrt (tropoDi stanceSquar ed) ;

print('Distance = + tropoDi stance)

if (XZD stance > 100/.6*1000) {
Li nkEst abl i shed = FALSE;
/1 TRC1_beaniength = 5000 ;
/1 TRC2_beamnmLengt h = 5000 ;

}

functi on conput eTr opoXZangl e( )

if (tropoDeltaz == 0) {
tropoDel taZz = . 00000001 ;
}

angl e = Mat h. atan(tropoDel taX/tropoDeltaz) ;
if (tropobDeltaz < 0) {
XZangl e[ 3] = angle + Math.Pl/2;

}
el se {
XZangl e[ 3] = angle - WMath.Pl/2;
}
print(' Angle =' + XzZangle[3]) ;
[lprint('Angle2 = + TRC2_XZangl e[ 3])
}
functi on conput eTr opoXYangl e( )
{
print('tropoDeltaY =' + tropoDeltaY);
angl e = Mat h. asi n(tropoDel taY/tropoDi stance)
XYangl e[ 3] = angle ;
/1 XYangl e[3] = - TRCl1_XYangl e[ 3];
print (' AngleXy =" +XYangle[3]) ;

[1print(' Angl e2XyY =' + TRC2_XYangl e[ 3]) ;
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}

function conputeDi stance( )
{
print (' TRCL
print (' TRC2
del t aX

+ TRClLocation) ;

+ TRC2Location) ;
(TRC2Location[ 0] - TRClLocation[0])
del tayY (TRC2Location[1] - TRClLocation[1]) ;
deltaz (TRC2Location[2] - TRClLocation[2]) ;
di stanceSquared = deltaX * deltaX + deltaY * deltaY + deltazZ * deltaZ ;
print('Di stance Squared =' + di stanceSquared) ;
di st ance = Mat h. sqrt (di stanceSquar ed) ;
print('Distance = + di stance)

beantscal e[ 0] = di stance/ 10;
beantscal e[ 1] = 10;
beantcal e[ 2] = 10
print (' Beantcal e =' + beantcal e) ;
TRC1_beaniengt h = di stance -2;
TRC2_beaniength = di stance -2;
if (distance > 5/.6*1000) ({
Li nkEst abl i shed FALSE;
TRC1_beaniength 5000/ .6 ;
TRC2_beaniengt h 5000/ .6 ;

}

function comput eXZangl e( )

{
if (deltaz == 0)
del taz = . 00000001 ;
}

angle = Math.atan(deltaX/ deltaz)
if (deltaz < 0) {

TRC1_XZangl e[ 3] = angle + Math.Pl/2;
}

el se {

}
TRC2_XZangl e[ 3] = TRCl1_XZangle[3] + Math.Pl;

TRC1_XZangl e[3] = angle - Math.PI/2;
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print('Angle =' + TRC1_XZangl e[ 3]) ;
print (' Angl e2 =' + TRC2_XZangl e[ 3]) ;

functi on conput eXYangl e( )

{
angl e = Mat h. asi n(del taY/ di stance) ;
TRC1_XYangl e[ 3] = angle ;
TRC2_XYangl e[ 3] = - TRCl1_XYangl e[ 3];
print('AngleXy =" + TRCl _XYangle[3]) ;
print('Angle2XY = + TRC2_XYangl e[ 3]) ;

}

11>

</ Scri pt>
</ G oup>

<ROUTE fromNode="' Cal cul at eAngl eScri pt' fronFi el d=' TRC1_XZangl e'
t oNode=' TRC1_TRANSFORM toField='rotation'/>
<ROUTE fromNode=' Cal cul at eAngl eScri pt' fronFiel d=' TRC2_XZangl e’
t oNode=' TRC2_TRANSFORM toField='rotation'/>
<ROUTE fromNode=' Cal cul at eAngl eScript' fronFi el d=' TRC1_beaniengt h’
t oNode=" TRC1_BEAMCYLI NDER t oFi el d=' range' />
<ROUTE fronmNode=' Cal cul at eAngl eScri pt' fronFi el d=' TRC1_beaniengt h'
t oNode=' TRC1_BEAMCONE' t oFi el d='range'/>
<RQUTE fromNode=" Cal cul at eAngl eScri pt' fronFi el d=' TRC2_beaniengt h’
t oNode="' TRC2_BEAMCYLI NDER t oFi el d='range' />
<ROUTE fromNode=' Cal cul at eAngl eScri pt' fronFi el d=' TRC1_beaniengt h'
t oNode=" TRC2_BEAMCONE' t oFi el d='range'/>
<ROUTE fromNode=' Cal cul at eAngl eScri pt' fronFi el d=' TRC1_XYangl e’
t oNode=" TRC1_XY_TRANSFORM toField='rotation'/>
<RQUTE fromNode=' Cal cul at eAngl eScri pt' fronFi el d=' TRC2_XYangl e’
t oNode=' TRC2_XY_TRANSFORM toField="rotation' />
<ROUTE fronmNode=' Cal cul at eAngl eScri pt' frontFi el d=' Li nkEst abl i shed'
t oNode=" TRC1_BEAMCYLI NDER t oFi el d=' contact'/>
<RQUTE fromNode=" Cal cul at eAngl eScri pt' fronFi el d=' Li nkEst abl i shed’
t oNode=' TRC1_BEAMCONE' toFi el d='contact'/>
<ROUTE fronNode=' Cal cul at eAngl eScri pt' frontFi el d=' Li nkEst abl i shed'
t oNode="' TRC2_BEAMCYLI NDER toFi el d=' contact'/>
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<ROUTE fronNode=" Cal cul at eAngl eScri pt' fronFi el d='Li nkEst abl i shed'

t oNode=" TRC2_BEAMCONE' t oFi el d=' contact'/>

<ROUTE fromNode=" Cal cul at eAngl eScri pt' fronFi el d=' TRC1_Vi ewpoi nt"'

t oNode=" TRC1Vi ewpoi nt' toFi el d='position'/>

<RQUTE fromNode="' Cal cul at eAngl eScri pt' fronFi el d=' TRC2_Vi ewpoi nt"'

t oNode=" TRC2Vi ewpoi nt' toFi el d="position'/>

<ROUTE fronmNode="' Cal cul at eAngl eScri pt' fronFi el d=" TRC1_Vi ewpoi nt Angl €'

t oNode=" TRC1Vi ewpoi nt' toField="orientation'/>

<RQUTE fromNode="' Cal cul at eAngl eScri pt' fronFi el d=" TRC2_Vi ewpoi nt Angl €'

t oNode="' TRC2Vi ewpoi nt' toField="orientation'/>

<ROUTE fronNode=' Cal cul at eAngl eScri pt' fronFi el d='" H ghAboveVi ewpoi nt'

t oNode=" H ghAboveXZTransl ati on' toField="translation'/>

<ROUTE fromNode=' Cal cul at eAngl eScri pt' fronFiel d=' H ghAboveTransl ati onAngl €'

t oNode="' H ghAboveXZTransl ation' toField="rotation'/>

<ROUTE fromNode=" Cal cul at eAngl eScri pt' fronFi el d=' Whi chBeanmi t oNode=' Beantwi tch’
t oFi el d=" whi chChoi ce'/ >

<ROUTE fromNode=' Cal cul at eAngl eScri pt' fronFi el d=" Wi chBeani toNode=' BeanBwi t ch2'
t oFi el d=' whi chChoi ce' / >

</ Pr ot oDecl ar e>

<Worldinfo info='"Authors: M ke Hunsberger" "Revised: 30 April 2001" "Purpose: Pair of TSSRs" "Browser:
CosmoPl ayer"' title="AntennaWrld' />

<Navi gati onl nfo type='""EXAM NE" "ANY"'/>

<Pr ot ol nst ance name=' TRC170Pair' >

<fi el dval ue nane=' TRClLocation' value="0 0 0'/>
<fi el dval ue name=' TRC2Locati on' val ue='-20000 0 -20000'/>
<fi el dval ue name="' Oper ati nghbde' val ue='" TROPCSCATTER / >
</ Pr ot ol nst ance>
<Backgr ound groundAngl e=' 1. 57079' groundColor="1 0.8 0.6, 0.6 0.4 0.2' skyAngle='0.2" skyColor="11 1, 0.2
0.2 1'/>
</ Scene>

</ X3D>

<I-- Tag color codes: <NodeNane attribute="value' /> -->
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TRC-170 TROPOSPHERIC SCATTER MICROWAVE RADIO TERMINAL PAIR EXAMPLE

<?xm version="1.0" encodi ng="UTF-8""?>
<I DOCTYPE X3D PUBLI C "http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ x3d- conpact . dt d"
"file://local host/C:./ww. web3D. or g/ TaskG oups/ x3d/ t ransl ati on/ x3d- conpact . dt d" >

<X3D>
<Header >
<meta nane='fil ename' content="TRC170- Pai r Exanmpl e. xm '/ >
<met a name='description' content='Instantiatio of the TRC-170 Pair Prototype. A TRC-170 is a |ong-range SHF
communi cation system It operates in 3 nodes. 1)Direct point-to-point link (< 30 mles). 2) Tropospheric
shot (up to 100 or 150 nmiles, depending on systemversion). 3) Defraction shot over an a terrain feature or
object in the path ( < 50 mles).'/>
<neta nane=" aut hor' content='M ke Hunsberger'/>
<meta nane='created' content='7 May 2001'/>
<meta nanme='revised' content='12 May 2001'/>
<neta name='url’
content="http://web.nps.navy. ml/~brutzman/vrm /NpsM | itaryMdel s/ Cormuni cati onsAndSensor s/ TRC170/ TRC170-
Pai r Exanpl e. xm ' / >
<meta nanme=' generator' content='X3D Edit,
http://ww. web3D. or g/ TaskG oups/ x3d/ transl ati on/ READVE. X3D-Edit. htmd '/ >
</ Header >
<Scene>
<! -- ExternProtoDeclare definitions nust be included verbatim-->
<Ext er nPr ot oDecl are name=' TRC170Pai r"'
url=""../../Comruni cati onsAndSensor s/ TRC170/ TRC170- Pai r Pr ot ot ype. w | "

"../../Conmuni cati onsAndSensor s/ TRC170/ TRC170- Pai r Pr ot ot ype. xm "' >

<field nane=' TRClLocation' type='Vector3Float' vrm 97H nt="field />
<field name=' TRC2Locati on' type='Vector3Fl oat' vrm 97H nt="field />
<field nane=' Qperati ngvbde' type='String" vrm 97H nt="field />

</ Ext er nPr ot oDecl ar e>
<Wrldinfo info=""Authors: M ke Hunsberger" "Revised: 30 April 2001" "Purpose: Pair of TSSRs" "Script: none"

"Browser: CosmoPlayer"' title="AntennaWrld' />
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<Navi gati onl nfo type=""EXAM NE" "ANY"'/>

<Backgr ound groundAngl e=' 1. 57079' groundColor="1 0.8 0.6, 0.6 0.4 0.2’
0.21/>

<Pr ot ol nst ance nane=' TRC170Pai r' >

skyAngl e='0.2' skyColor="11 1, 0.2

<fi el dval ue nane=' TRClLocati on' val ue=' 15000 0 15000'/>
<fi el dval ue nane=' TRC2Location' value="0 0 0'/>
<fi el dval ue name=' Oper ati nghbde' val ue=' TROPCSCATTER / >

</ Prot ol nst ance>

</ Scene>
</ X3b>
<I-- Tag col or codes: <NodeNane attribute="value'/> -->



APPENDIX G. TERRAIN DEVELOPMENT CODE

A. INTRODUCTION
This section provides the code used to develop the 3D terrain models used in this thesis. The following MATLAB code is used to
process Digital Terrain Elevation Data and create 3D elevation grids. These files and the VRML output are available at

http://web.nps.navy.mil/~brutzman/vrml/examples/NpsMilitaryM odel s/ ocations/ CampPendl etonCalifornia/ pages/page01.html

The MATLAB files are:

convertCampPendletonTerrainData.m
CampPendletonColorMap.m
CampPendletonCol orDepths.m
printX3dHeader.m
printX 3dFooter.m
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CONVERT CAMP PENDLETON TERRAIN DATA

% Filename:  convertCampPendletonTerrainData.m

% Author: Curt Blais (derived from convertBathymetryXyzFile.m by Don Brutzman)
% Created: 7 April 2001

% Revised: 20 June 2001

% Description: Read gridded elevation data obtained from DTED files via MatL ab.

% Build X3D elevation grid. Create artificial bathymetry for bodies
% of water.
% Metadata:  Camp Pendleton Level 1 Digital Terrain Elevation Data (DTED)
% from National Imagery and Mapping Agency (NIMA) CD TCD-DTED128
% (NOTE: No network accessis available to the original terrain
% data at thistime -- ametatag will be provided when/if this
% becomes available via network access)
%
% Invocation:

c\www.web3D.org\TaskGroups\x3d\transl ation\examples\NpsMilitaryM odel s\L ocations\CampPendl etonCalifornia

% convertCampPendletonTerrainData;
% Output:  CampPendletonOperatingA reasExample.xml

% Note: The MatLab Mapping Toolkit manual states "A regular matrix map is one
%  inwhich columns of data run south to north, rows of data run west to

%  toeast, and each matrix element represents the same angular step in

% each direction, for al rows and columns.” In fact, when you call the

% matlab function setpostn on the map data read from the DTED CDROM, it
% is apparent that ROWS are increasing from south to north, and COLUMNS
%  areincreasing from west to east!

cd
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%

% The corresponding ElevationGrid is created by associating the (0,0) point

% with the NorthWest corner of the elevation data.

% In the data set created for the first Savage Camp Pendleton scenario, the

% elevation data points run from 33:12N to 33:22N and from 117:24W to 117:38W.
% The postings are every 3 arc-seconds, estimated to be 100 meters for the

% ElevationGrid spacing.

% In all, there are 201 north-south values (+Z-axis) and 282 west-east (+X-axis)

% postings.

%

% VRML ElevationGrid references:

%
% http://www.web3D.org/technicalinfo/specifications/vrml 97/partl/nodesRef .html#El evationGrid
% Figure 6.5:
% http://www.web3D.org/technicalinfo/specifications/vrml97/Images/ElevationGrid.gif
%
% VRML ElevationGrid arrangement from Figure 6.5, showing order of data points:

%

% 012 3 4---->xDimension=5

% 56789

% 1011121314

% 1516171819

% |

%  zDimension=4

%

% Initialization note: VRML indices begin at 0, MatL ab indices begin at 1.

%

% Matlab layout for this dataset table is row vertical from south to north,

% column horizontal from west to east. Rows correspond to the VRML Z-dimension,
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% columns correspond to the VRML X-dimension:
%
%  zDimension=maxLat
% |
%  (maxLat, 1) ... (maxLat, maxLong)
% | I
% | |
% | |
% | I
% (1,1 .. (1, maxLong) -> xDimension=maxLong
%
% thus ElevationGrid xDimension maps to column longitudes,
% and ElevationGrid zDimension mapsto row latitudes.
%
% Therefore, the order for filling in the ElevationGrid valuesis
% first from (maxLat, 1) to (maxLat, maxLong)
% [meaning inner loop is columns = longitudes]
% then from (maxLat, 1) downto (1, 1)
%  [meaning outer loopis rows = latitudes, in reverse order]
%
% (maxLat, 1) corresponds to 33:22N, 117:38W
% (maxLat, maxLong) corresponds to 33:22N, 117:24W
%(1 , 1) correspondsto 33:12N, 117:38W
% (1 , maxLong) correspondsto 33:12N, 117:24W

true =1;
fase=0;

% load source terrain data read from the NIMA CD
if ~exist('demdata)
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disp('loading CampPendletonTerrainData.mat ...");
load('CampPendletonTerrainDatamat’) % loads data into matrix 'demdata
else whos demdata;
end;

% set boundary values for selecting the portion of the data covering the scenario
% area of interest

minLatRow = 279;

maxL atRow = 479;

nRows = 201,

minLongCol = 682;

maxLongCol = 963;

nCols = 282;

nDataPoints = nRows * nCals;

disp (['Process ' num2str(nDataPoints) ' evenly spaced data points]);
disp ([' in3arc-second lat-long locations ...1);

fprintf ("\n’);

latSpacing = 100; % meters, approximating 3 arc-seconds of latitude
longSpacing = 100; % meters, approximating 3 arc-seconds of longitude

disp(‘commencing to build CampPendletonOperatingAreasExample.xml ...");
fprintf ('\n’);

fileElevation = fopen('CampPendletonOperatingAreasExample.xml’, ‘'w");

% write out the front part of the XML file containing metadata and starting structure
% for the scene graph (including Navigationlnfo, Background, and Viewpoint nodes)
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printX3dHeader (fileElevation, 'CampPendletonOperatingAreasExample.xml”);
fprintf (fileElevation, ['xDimension="" num2str(nCols) ™ );

fprintf (fileElevation, ['zDimension="" num2str(nRows) ™ ');

fprintf (fileElevation, ['xSpacing="" num?2str(longSpacing) ™ );

fprintf (fileElevation, ['zSpacing="" num2str(latSpacing) "\n']);

fprintf (fileElevation, 'height="\n');

% create a matrix containing just the data of interest from the NIMA DTED file

scenarioData(1:nRows,1:nCols) = demdata.map(minL atRow:maxL atRow,minLongCol:maxL ongCol);

% for elevation values equal to -1 (water), create artificial bathymetric values
% (in meters) by interpolating between depth readings at the corners of the region
% note: for the Camp Pendleton data, only the upper left and lower left corners
% are in the water -- the other corners have vaues from the terrain data files
metersPerFoot = 0.3048; % conversion factor for feet to meters
lowerL eftDepthFromMap = -2800;
upperLeftDepthFromMap = -200;
lowerL eftDepth = lowerL eftDepthFromM ap* metersPerFoot;
upperLeftDepth = upperL eftDepthFromM ap* metersPerFoot;
upperRightElev = scenarioData(nRows, nCols); % not used in the rest of the program
lowerRightElev = scenarioData(1 , nCols); % not used in the rest of the program

% set the range of the bathymetry data (maximum depth, in meters)
bathymetryRange = lowerL eftDepth - upperL eftDepth;

% set a randomness factor to control the variability of the artificial bathymetry
deviationFactor = 4.0;

% set starting point for the corners in the elevation matrix
scenarioData(1,1) = lowerL eftDepth;
scenarioData(nRows, 1) = upperLeftDepth;
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% depths will be interpolated from the left edge to the right, ending at a column
% where there is a nonnegative elevation value in the matrix

% ***NOTE*** -- will initially have a problem with inland waterways -- will have to write
% additional code to watch for values changing from below sea level to above sea level
% and vice versa

% set up values along left edge of region (all below sea level)
depthlncrement = bathymetryRange/nRows;
for row = 2:1:nRows-1,
% compute an interpolated value, but throw in some randomization around the linear interpolation

% value so the values will be uneven
interpValue = lowerLeftDepth - (row-1)* depthlncrement; % actual value without randomization

if (rand < 0.5)
plusMinus = 1;
ese
plusMinus = -1;
end;

scenarioData(row,1) = interpValue + plusMinus* depthlncrement* rand* deviationFactor; % randomized depth
end;

% now read across each row to find the first value above sea level
% interpolate between the depth value along the left edge and the last column that was below sea level
for row = 1:1:nRows,

belowSeal evel = true;

colCount = 2;

% read across the columns to find the first nonnegative value

while (belowSeal evel & colCount < nCols)

if (scenarioData(row, col Count) < Q)
colCount = colCount + 1;
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else
belowSeal evel = false;

end;
end;
% reset colCount to last value read from the matrix that had depth less than O
colCount = colCount - 1;
% interpolate across the row from column 1 to column col Count
% as before, throw in some randomness to make the surface more interesting
if (colCount > 1) % otherwise, no values to interpol ate between

leftEdgeDepth = scenarioData(row, 1);

depthincrement = leftEdgeDepth/col Count;

for col = 2:1:colCount,

% compute an interpolated value, but throw in some randomization around the linear interpolation

% value so the values will be uneven

interpValue = leftEdgeDepth - (col-1)* depthlncrement; % actual value without randomization

if (rand < 0.5)

plusMinus = 1;

else

plusMinus = -1,
end;
scenarioData(row,col) = interpVaue + plusMinus* depthl ncrement* rand* deviationFactor; % randomized depth

end; % for col = 2:1:colCount
end; % colCount > 1

end;

% read the elevation values from the source data and write the values into the
% ElevationGrid node
for row = nRows=-1:1,
for col = 1:1:nCols,
% where the elevation is -1 (water), change to -100 to create greater spacing
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% in the output file (precursor to substituting real bathymetry data or creating
% synthetic data for this area)
if (scenarioData(row,col) ==-1)
scenarioData(row,col) = -100;
end;
fprintf(fileElevation, '%5.0f',scenarioData(row,col) );
if (col <nCols- 1)
fprintf(fileElevation, '\t');
if (mod(col,10) == 0) % output line feed after every 10 data points
fprintf(fileElevation, \n’);
end;
else % output extraline feed at the end of each row of data
fprintf(fileElevation, \n');
end;
end;
if (mod(row,10) == 0) %output extra line feed after every 10 rows
fprintf(fileElevation, \n’);
end;
end;

% add a ColorNode to the ElevationGrid
fprintf (fileElevation, "'>\n'); % end height table, end ElevationGrid tag
fprintf (fileElevation, ' <ColorNode color="\n");

% compute min and max values of terrain height data stored in the region of interest
% these values can be used for interpolating colors in elevation color mapping
bathymetryRange = min(min(scenarioData(1:nRows, 1:nCols)));

elevationRange = max(max(scenarioData(1:nRows, 1:nCoals)));

% re-read the elevation values from the source data and write out corresponding
% elevation color- map values into the ColorNode
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for row = nRows-1:1,
for col = 1:1:nCals,
if scenarioData(row,col) >=0
% use elevation color mapping for terrain
fprintf(fileElevation, CampPendletonCol orM ap(scenarioData(row,col), elevationRange));
else
% use depth color mapping for bathymetry data
fprintf(fileElevation, CampPendl etonCol orDepths(scenarioData(row,col ), bathymetryRange));
end;
if (col <nCols- 1)
fprintf(fileElevation, \tY);
if (mod(col,10) == 0) % output line feed after every 10 data points
fprintf(fileElevation, \n');
end;
else fprintf(fileElevation, \n');
end;
end;
if (mod(row,10) == 0) %output extraline feed after every 10 rows
fprintf(fileElevation, \n');
end;
end;
fprintf (fileElevation, ™/>\n"); % end ColorNode tag

fprintf (fileElevation, ' </ElevationGrid>\n’);
fprintf (fileElevation, ' </Shape>\n’);

% write out the remainder of the XML file
printX3dFooter (fileElevation, fase);

% close the input file
fclose(fileElevation);
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disp(‘elevation file generation complete.’);
fprintf ('\n’);

% in MatL ab, output a picture of the selected elevation data
mesh(demdata.map(minLatRow:maxL atRow, minLongCol:maxLongCal));

% the following shows file conversion calls for the exemplar file that built a

% bathymetry scene for Fort Lauderdale data -- this remnant can be modified later
% for reuse if the same actions are desired with the Camp Pendleton XML file

% disp (XML to VRML trandations);

% disp (XML syntax checks: c:\xml\microsoft\xmlint *.xml");
%! c:\xml\microsoft\xmlint *.xml

% instant saxon not yet able to handle such large attributes
% can convert 10..80 using X 3D- Edit (which uses xalan)
% keep the following commented until autotranslation capacity corrected

%! c:\www.web3D.ord TaskGroupsix3d\transl ation\X 3dToVrml97.bat FortL auderdal eDepthSel ection

%
%
%
%
%
%

I c:\www.web3D.org TaskGroupsx3d\translation\X3dToVrml97.bat ElevationGridExample

I c:\www.web3D.org TaskGroupsix3d\transl ation\X 3dToV rml97.bat FortL auderdaleDepthsO5m
I' c\www.web3D.org TaskGrouyps\x3d\translation\X 3dToV rml97.bat FortL auderdaleDepths10m
I c:\www.web3D.org TaskGroupsx3d\translation\X 3dToVrml97.bat FortL auderdaleDepths20m
I c:\www.web3D.org TaskGroupsix3d\transl ation\X 3dToV rml97.bat FortL auderdaleDepths40m
I c:\www.web3D.org TaskGroups\ix3d\translation\X 3dToVrml97.bat FortL auderdal eDepths80m
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%! mv FortLauderdaleDepthSelectionTrans ated.wrl

%
%
%
%
%
%

I mv ElevationGridExampleTrandated.wrl

I mv FortLauderdaleDepthsO5mTransl ated.wrl
I mv FortLauderdaleDepths10mTransl ated.wrl
I mv FortLauderdaleDepths20mTrang ated.wrl
I mv FortLauderdal eDepths40mTrandsl ated.wrl
I mv FortLauderdaleDepths80mTransl ated.wrl

%! c:\vrmi\vorlon\vorlon * .wrl

FortL auderdal eDepthSel ection.wrl

ElevationGridExample.wrl
FortL auderdal eDepthsO5m.wrl
FortL auderdal eDepths10m.wrl
FortL auderdal eDepths20m.wrl
FortL auderdal eDepths40m.wrl
FortL auderdal eDepths80m.wrl
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CAMPPENDELTON COLOR MAP

% Filename:  CampPendletonColorMap.m

% Author: Curt Blais (adapted from sample by Don Brutzman)

% Created: 11 April 2001

% Revised: 20 June 2001

% Description: Coloration of Camp Pendleton terrain based on photo images taken in Dec 2000.

function rgbValue = colorValue (elevationinMeters, elevationRange);

Spacer ="\t';
foliage = 0.05; %abundance of greenery in higher elevations

% some helpful color-value definitions available at
% http://www.w3.0org/ TR/1998/REC-html40-19980424/ty pes.html#idx-col or

% The following sampled colors are from photographs by Jeff Weekley, Rolands and Associates,
% taken at Camp Pendleton, Dec 2000 (red- greenblue values are between 0 and 255)
% Sand 238 227 213-221

% 203 201 204

% Dunes 177 172 166

% 157 141 151

% Hillocks 161175 184
% 170190 191

% Hills

% above Hiway 210 205 209
% 205 205 205

% Intermediate Bands of
% Greenery 146 162 149
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% 132 151 145

% 180192 182

% 74107 114

% 64 90 103

% 11481 62

% Mountain Tops 230 221 222
% 1108171

% 175172 160

% colors converted to values between 0 and 1
sand(1).r = 0.9333; sand(1).g = 0.8902; sand(1).b = 0.8353;
sand(2).r = 0.9333; sand(2).g = 0.8902; sand(2).b = 0.8667;
sand(3).r = 0.7961; sand(3).g = 0.7882; sand(3).b = 0.8000;
dunes(1).r = 0.6941; dunes(1).g= 0.6745; dunes(1).b = 0.6510;
dunes(2).r = 0.6157; dunes(2).g = 0.5529; dunes(2).b = 0.5922;
hillocks(1).r = 0.6314; hillocks(1).g = 0.6863; hillocks(1).b = 0.7612;
hillocks(2).r = 0.6667; hillocks(2).g = 0.7451; hillocks(2).b = 0.7490;
hills(1).r = 0.8235; hills(1).g = 0.8039; hills(1).b = 0.8196;
hills(2).r = 0.8039; hills(2).g = 0.8039; hills(2).b = 0.8039;
greenery(1).r = 0.5725; greenery(1).g = 0.6353; greenery(1).b = 0.5843;
greenery(2).r = 0.5176; greenery(2).g = 0.5922; greenery(2).b = 0.5686;
greenery(3).r = 0.7059; greenery(3).g = 0.7529; greenery(3).b = 0.7137;
greenery(4).r = 0.2902; greenery(4).g = 0.4196; greenery(4).b = 0.4471,
greenery(5).r = 0.2510; greenery(5).g = 0.3529; greenery(5).b = 0.4039;
greenery(6).r = 0.4471; greenery(6).g = 0.3176; greenery(6).b = 0.2431;
mounts(1).r = 0.9020; mounts(1).g = 0.8667; mounts(1).b = 0.8706;
mounts(2).r = 0.4314; mounts(2).g = 0.3176; mounts(2).b = 0.2784;
mounts(3).r = 0.6863; mounts(3).g = 0.6745; mounts(3).b = 0.6275;

% colors are randomly selected from the values in each elevation band
% elevation bands are arbitrarily assigned
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if (elevationinMeters<0) rgbVaue='.2.5.7" % blue-green

elsaf (elevationinMeters < 20) % sand
r = floor(rand* 3+0.5)+1,
if (r>3)r=3; end,
rgbValue = strcat( spacer, num2str(sand(r).r), spacer, num2str(sand(r).g), spacer, num2str(sand(r).b) );

elsaif (rand < foliage)
% above theinitial elevation level(s), foliage (greenery) is selected randomly based on the setting
% of the foliage parameter
r = floor(rand* 6+0.5)+1,
if (r>6)r=6; end,
rgbVaue = strcat( spacer, num2str(greenery(r).r), spacer, num2str(greenery(r).g), spacer, num2str(greenery(r).b) );
elsalf (elevationinMeters < 60) % dunes
r = floor(rand* 2+0.5)+1,
if (r>2)r=2; end,
rgbValue = strcat( spacer, num2str(dunes(r).r), spacer, num2str(dunes(r).g), spacer, num2str(dunes(r).b) );
elsaf (elevationinMeters < 120) % hillocks
r = floor(rand* 2+0.5)+1,
if (r>2)r=2; end;
rgbValue = strcat( spacer, num2str(hillocks(r).r), spacer, num2str(hillocks(r).g), spacer, num2str(hillocks(r).b) );
elseif (elevationinMeters < 240) % hills
r = floor(rand* 2+0.5)+1;
if (r>2)r=2; end;
rgbVaue = strcat( spacer, num2str(hills(r).r), spacer, num2str(hills(r).g), spacer, num2str(hills(r).b) );
else % mountain tops
r = floor(rand* 3+0.5)+1,
if (r>3)r=3; end;
rgbVaue = strcat( spacer, num2str(mounts(r).r), spacer, num2str(mounts(r).g), spacer, num2str(mounts(r).b) );

end:;

return;
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CAMP PENDELTON COLOR DEPTHS

% Filename:  CampPendletonColorDepths.m

% Author: Curt Blais (adapted from bathymetry sample by Don Brutzman)
% Created: 28 April 2001

% Revised: 20 June 2001

% Description: Map depth values to a color map.

function rgbValue = colorDepths (depthinMeters, depthRange);

startRed =0.7; endRed =0.1;
startGreen = 0.7; endGreen=0.1;
startBlue = 0.7; endBlue = 1.0;
spacer ="\t';

if (depthRange == 0) depthRange = 1;
end;

% interpolate color values over range of elevation
ratio = depthlnM eters/depthRange;
newRed = startRed + ratio* (endRed- startRed);
newGreen = startGreen + ratio* (endGreen startGreen);
newBlue = startBlue + ratio* (endBlue-startBlue);

if (depthinMeters> 0)
rgbvVaue='.2.4.6" % blue-green
else
rgbValue = strcat( spacer, num2str(newRed), spacer, num2str(newGreen), spacer, num2str(newBlue) );
% residual color map from bathymetry exemplar code -- could be re-used if banding of colorsis preferred
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%
%
%
%
%
%
%
%
%
%
%
%
%

elsaif (depthinMeers < 10)

rgbVaue ='0.91 0.91 0.56;

elseif (depthinMeters < 20) rgbValue = '.871 .721 .529';

%

elseif (depthinMeters < 30)
elseif (depthinMeters < 40)
elsaif (depthinMeters < 50)
elseif (depthinMeters < 60)
elseif (depthinMeters < 70)
elsalf (depthinMeters < 80)
elseif (depthinMeters < 90)

elseif (depthinMeters < 100)
elseif (depthinMeters < 150)
elseif (depthinMeters < 200)
elseif (depthinMeters < 250)
rgbvValue="'010;

ese
end;

return;

rgbvValue="8.75 .5,

rgbVaue=".7 .80 .4
rgbvValue=".6 .82 .3,
rgbvValue="5.84 .2,
rgbvValue="4 .86 .1
rgbVaue="3.88 .05

rgbVaue=".2.90 .03}
rgbValue=".18.92 .02,
rgbValue=".15.94 .01,
rgbValue="10.96 0
rgbVaue=".05.98 0}

% some helpful color-value definitions available at
% http://www.w3.org/TR/1998/REC-html40-19980424/ty pes.html#idx-col or

% tan
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PRINT X3D FOOTER

% Filename:  printX3dFooter.m

% Author: Curt Blais (adapted from sample by Don Brutzman)
% Created: 8 April 2001

% Revised:

function printX3dFooter (filelD, finishElevationGrid);

if (finishElevationGrid)
fprintf (filelD, ' </ElevationGrid>\n);
fprintf (filelD, </Shape>\n");
end;
fprintf (filelD,' </Transform>\n’);
fprintf (filelD, ' </Scene>\n);
fprintf (filelD, '</X3D>\n");
return;



F. PRINT X3D HEADER

% Filename: printX 3dHeader.m

% Author: Curt Blais (adapted from bathymetry sample by Don Brutzman)
% Created: 8 April 2001

% Revised: 19 June 2001

function printX3dHeader (filelD, fileName);
fprintf (filelD, '<?ml version="1.0" encoding="UTF-8"?2>\n);
fprintf (filelD, '<IDOCTY PE X3D PUBLIC "http://www.web3D.org/TaskGroups/x3d/trand ation/x3d-compact.dtd™\n);
fprintf (filelD, ' "file://loca host/C:/www.web3D.org/ TaskGroups/x3d/trand ation/x3d-compact.dtd">\n');
fprintf (filelD, '<X3D>\n");
fprintf (filelD, ' <Header>\n");
fprintf (filelD,"' <meta name="filename" content="CanmpPendl etonOperatingAreasExample.xml"/>\n);
fprintf (filelD," <meta name="description” content="Elevation data for Camp Pendleton, California."/>\n’);
fprintf (filelD, ' <meta name="author" content="Curt Blais'/>\n);
fprintf (filelD,' <meta name="created" content="15-Apr-2001"/>\n’);
fprintf (filelD, ' <meta name="revised" content="%s"/>\n', date);
fprintf (filelD, ' <meta name="url"
content="http://web.nps.navy.mil/~brutzman/vrml/examples/NpsMilitaryM odel s/L ocations/ CampPendl etonCalif ornia/ CampPendl etonOper
atingAreasExample.html"/>\n);
fprintf  (filelD, <meta name="reference" content="National Imagery and Mapping Agency, DTED Level 1,
TCD:DTED128:006"/>\n’);
fprintf (filelD," <meta name="reference" content="CampPendletonTerrainData.mat"/>\n');
fprintf (filelD," <meta name="image" content="CampPendleton24x24km2M twsSnapshot.gif"/>\n’);
fprintf (filelD, ' <meta name="image"
content="http://web.nps.navy.mil/~brutzman/vrml/examples/NpsMilitaryM odel §/L ocations/ CampPendl etonCalif or nia/ CampPendl eton24x2
4km2MtwsSnapshot.gif"/>\n');
fprintf (filelD," <meta name="generator" content="convertCampPendletonTerrainData.m"/>\n’);
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fprintf (filelD, '
fprintf (filelD, '
fprintf (filelD, '
fprintf (filelD,

<meta name="generator" content="CampPendletonColorMap.m"/>\n’);
<meta name="generator" content="CampPendletonColorDepths.m"/>\n");
<meta name="generator" content="printX3dHeader.m"/>\n’);

<meta name="generator" content="printX 3dFooter.m"/>\n’);

fprintf (filelD, ' </Header>\n);
fprintf (filelD, ' <Scene>\n');

fprintf (filelD, '
fprintf (filelD, '

vehicle)-->\n');

fprintf  (filelD,

<!I--NavigationInfo: increased speed for responsiveness, increased collision boundary to eliminate aliasing-->\n’);
<l-- increased avatar Size and step height for easier navigation over ground (as, for example, a tracked

' <Navigationinfo speed="100" type=""EXAMINE" "WALK" "ANY"" avatarSize="8 6.0 5.0"

visibilityLimit="60000"/>\n";

% (double " used in the string to enable the apostrophe to be printed inside the formatted string)

fprintf (filelD, "

<Background groundColor="0.2 0.2 0.8, 1.0 1.0 1.0" groundAngle="1.309" skyColor="0.00.20.7,0.00.51.0, 1.0

1.0 1.0" skyAngle="1.309, 1.571"/>\n";

fprintf (filelD, '
fprintf (filelD, '
fprintf (filelD,
fprintf (filelD, '

<Transform translation="14100 20000 25000">\n");
<Transform rotation="1 0 0 -.95">\n);
<Viewpoint description="lookingNorth" />\n’);
</Transform>\n);

fprintf (filelD, '
fprintf (filelD, '
fprintf (filelD, '
fprintf (filelD, '
fprintf (filelD, "
fprintf (filelD, "
fprintf (filelD, '
fprintf (filelD, '
fprintf (filelD, "
fprintf (filelD, '
fprintf (filelD, '
fprintf (filelD, '
fprintf (filelD, '

</Transform>\n');
<Transform trandlation="6600 100 16800">\n");
<Transform rotation="0 1 0 -.873">\n);
<Viewpoint description="above Ship, looking toward Red Beach" />\n’);
</Transform>\n’);
</Transform>\n");
<Transform translation="20100 10 8800">\n");
<Transform rotation="0 1 0 -.873">\n);
<Viewpoint description="on Beach, looking toward objective" />\n’);
</Transform>\n');
</Transform>\n);
<Transform translation="14100 80000 10050">\n");
<Transform rotation="1 0 0 -1.571">\n’);



fprintf (filelD, <Viewpoint description="map view" />\n’);
fprintf (filelD, " </Transform>\n');

fprintf (filelD," </Transform>\n’);

fprintf (filelD,' <Transform>\n";

fprintf (filelD, " <!--semi-transparent flat plate at surface-->\n’);
fprintf (filelD, <Shape DEF="oceanSurface"> \n);

fprintf (filelD, ' <!--IndexedFaceSet subdivided to enable view-frustrum culling for performance improvement-->\n');

fprintf (filelD, ' <l--areais 28200m in X by 20100m in Z-->\n');

fprintf (filelD, ' <IndexedFaceSet coordindex="1023-1,3245-1,5467-1,7689-1,981011 -1,111012 13"
solid="fdse">\n");

fprintf (filelD, ' <Coordinate point="");

fprintf (filelD, '28200 0 0, 28200 0 20100, ");
fprintf (filelD, '23500 0 0, 23500 0 20100, *);
fprintf (filelD, 18800 0 0, 18800 0 20100, *);
fprintf (filelD, '14100 0 0, 14100 0 20100, ");
N fprintf (filelD, '9400 0 0, 9400 0 20100, ");
@ fprintf (filelD, '4700 0 0, 4700 0 20100, ");
fprintf (filelD," 000, 00 20100Y;
fprintf (filelD, "/>\n);
fprintf (filelD,

</IndexedFaceSet>\n);

fprintf (filelD, ' <Appearance>\n);
fprintf (filelD, ' <Materia diffuseColor="0.2 .5" trangparency=".5"/>\n’);
fprintf (filelD, ' </Appearance>\n’);

fprintf (filelD, ' </Shape>\n');

fprintf (filelD, <Shape DEF="floorBeneathScene">\n");

fprintf (filelD, ' <IndexedFaceSet coordindex="1023-1,3245-1,5467-1,7689-1,981011,111012 13"
colorPerVertex="false" solid="false">\n’);
fprintf (filelD, <Coalor color="0.5.5,0.5.5,0.5.5,0.5.50.5.5,0.5.5"/>\n);

fprintf (filelD, ' <Coordinate point="");



9¢

fprintf (filelD, '28200 -1000 0, 28200 -1000 20100, *);
fprintf (filelD, '23500 -1000 0, 23500 -1000 20100, *);
fprintf (filelD, '18800 -1000 0, 18800 -1000 20100, *);
fprintf (filelD, '14100 -1000 0, 14100 -1000 20100, *);
fprintf (filelD, '9400 -1000 0, 9400 -1000 20100, *);
fprintf (filelD, '4700 -1000 0, 4700 -1000 20100, *);
fprintf (filelD," 0-10000, 0-1000 20100Y;

fprintf (filelD, ™/>\n);

fprintf (filelD, ' </IndexedFaceSet>\n);

fprintf (filelD, ' </Shape>\n");

fprintf (filelD, ' <Shape DEF="mapTable">\n');

fprintf (filelD, <IndexedFaceSet coordindex="0 1 2 3" solid="true" texCoordindex="01 2 3">\n’);
fprintf (filelD, <Color color="0.5.5,0.5.5,0.5.5,0.5.5,0.5.5,0.5.5"/>\n";
fprintf (filelD, ' <Coordinate point="");

fprintf (filel D, '0 50000 20100, 28200 50000 20100, 28200 50000 0, 0 50000 0%;
fprintf (filelD, "/>\n);

fprintf (filelD, ' <TextureCoordinate point="00,10, 1 1, 0 1"/>\n");
fprintf (filelD, ' </IndexedFaceSet>\n);
fprintf (filelD, ' <Appearance>\n);
fprintf (filelD, ' <ImageTexture url="campen24kml.gif" repeatS="true" repeatT="true"/>\n’);
fprintf (filelD, ' </Appearance>\n);
fprintf (filelD, ' </Shape>\n);
fprintf (filelD, ' <l--terrain grid-->\n');
fprintf (filelD, ' <Shape DEF="€levationData"'>\n’);
fprintf (filelD, ' <ElevationGrid colorPerVertex="true" solid="false" *);

return;
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