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ABSTRACT

a

This thesis proposes an extension to the NPSNET 3D virtual world prototype to provide

a an integrated 3D hypertext. This hypertext would be embedded into the virtual world, and

would provide the capability for real-time or non-real-time reference, aspect-change within

or around vehicles, direct navigation to a specified 3D location, and other features. Hyper-

media such as video or graphic animations, with or without sound, in addition to text files

will be accessible through the hypertext. The hypertext elements will be embedded into the

virtual world by the use of icons or other symbols, which become visible if selected by the

user. Foreseeable applications include hypemavigation, historical reference visualization,

direct access to higher-level analysis functions, and contextual referencing for training ap-

plications. A prototype of Hyper-NPSNET is planned for initial review in June 1992.

Acoession For

NTIS GRA&I RF
DTIC TAB Q
Unannounoed ]

S. Juatiftcation

Distribution/

Availability Codes
Avail and/or

it Speolal



TABLE OF CONTENTS

I. THE NEED FOR HYPERTEXT ............................................................................. 1

A. APPLICATIONS AND CHARACTERISTICS OF VIRTUAL WORLDS ...... 1

B. VIRTUAL WORLD INTERFACE DEVICES .................................................. 3 

C. NPSNET ............................................................................................................ 3

D. HYPER-NPSNET ............................................................................................. 5 

II. PREVIOUS WORK ................................................................................................ 7

A. HYPERTEXT AND HYPERMEDIA DEFINED .............................................. 7

B. VIRTUAL WORLDS ......................................................................................... 7

C. EXAMPLES OF VIRTUAL WORLDS WITH HYPERTEXT ........................ 8

1. The Information Visualizer ........................................................................... 9

D. ADVANTAGES OF COMBINING VIRTUAL WORLDS AND HYPERTEXT .10

III. 3D/4D HYPERTEXT ........................................................................................... 12

A. 3D/4D HYPERTEXT DEFINED ...................................................................... 12

B. LOCATION OF HYPERTEXT NODES IN 3-SPACE ..................................... 13

C. SELECTION OF 3D HYPERTEXT NODES ................................................... 14

D. HYPERSEARCH .............................................................................................. 16

1. 3D Z ones ...................................................................................................... 17

a. Types of 3D Zones ................................................................................ 17

b. Type of Applications Utilizing 3D Zones .............................................. 17

c. Flexible Hypertext Links ...................................................................... 18

d. An Application of 3D Zones .................................................................. 18

2. An Application of HyperSearch .................................................................. 19

E. HYPERNAVIGATION ................................................................................... 20

1. Hypemavigation Defined .............................................................................. 20

2. Portals ........................................................................................................... 20

3. The "Alice" Effect ........................................................................................ 21

4. Hypemavigation Interface ............................................................................ 22

5. Three-dimensional traversal tracking ........................................................... 22

F. INSTANT ASPECT CHANGE ........................................................................ 23

iv



IV. AUTHORING IN HYPER-NPSNET ........................................................................ 25

A. THE NEED FOR AGILE AUTHORING ....................................................... 25

B. OBJECT-ORIENTED CONSTRUCTION ..................................................... 25

C. USER-LEVEL AUTHORING ........................................................................ 26

a D. DESIGN-LEVEL AUTHORING .................................................................... 27

E. AN EXAMPLE OF AGILE AUTHORING ..................................................... 28

& V. APPLICATIONS OF HYPER-NPSNET ............................................................. 29

A. CHARACTERISTICS OF SUITABLE APPLICATIONS .............................. 29

1. Fighting the Virtual Battle ............................................................................ 29

2. Magnetic Disk File Maintenance Training .................................................. 31

3. DSRV Piloting ............................................................................................. 32

VI. SUMMARY AND CONCLUSIONS .................................................................... 34

A. VIRTUAL WORLD DEVELOPMENT ........................................................... 34

B. MODERN HYPERTEXT TRENDS ............................................................... 35

C. VIRTUAL WORLD INTERFACE ISSUES ................................................... 35

D. FOUR-DIMENSIONAL HYPERTEXT .......................................................... 36

REFERENCES .......................................................................................................... 38

ANNOTATED BIBLIOGRAPHY ........................................................................... 42

INITIAL DISTRIBUTION LIST ............................................................................. 45



ACKNOWLEDGEMENTS

Many have contributed to the formulation of this thesis, and I would like to S

sincerely thank all that have helped in my efforts, whether their contribution was

that magical bit of inspiration that leads to a blinding flash of the obvious, or a cold 8

slap in the face to "inspire" me to get it finished. I am grateful to you all.

I am particularly indebted to Dr. Michael Zyda, whose belief in me, first and

foremost, gave me the confidence to tackle a project that had almost no historical

precedent. Mike helped me through the tough times, and there were many, when

writing at length about the hypothetical. His pointing to the right sources and

references saved me a great deal of time, and proved invaluable in my research.

Dr. Yuh-jeng Lee tapped a spring of interest within me in the area of Intelligent

Tutoring Systems (ITS's) and education in general. His fine teaching and his

counsel helped me find a deep passion within me for improving the lot of those

being educated on the planet. I hope we succeed.

To all in the Naval Postgraduate School Macintosh User Group, and

particularly to Frame Technologies and their fine product, FrameMaker for the

Macintosh, I extend my admiration and my thanks.

Finally to my wife Margie and my four sons Vincent, Kyle, Matthew, and

Charles, I appreciate deeply the patience you have shown while I have been a

stranger to you, and this following a submarine tour at sea. Your support while I

battled thesisitis made it possible for me to succeed.

vi

vi



I. THE NEED FOR HYPERTEXT

Virtual world programs provide the user of a computer system the capability of real-

time interaction with objects in a simulated environment. This virtual world can either be

a simulation of an actual environment (virtual reality), or an artificially-created

environment for specialized applications (cyberspace). An essential feature of virtual world

applications is the ability of the user to interact with the created environment in a non-

scripted, real-time, interactive manner.

A. APPLICATIONS AND CHARACTERISTICS OF VIRTUAL WORLDS

An extremely wide range of diverse applications exist for virtual world programs.

Since virtual world technology is still in its infancy and has not yet been embraced by the

commercial market at large, many applications that could effectively employ virtual world

technology have yet to be developed. The computational limitations and expense of many

current workstations preclude widespread marketing of virtual world applications,

although some recent work demonstrates the ability to employ off-the-shelf hardware in

virtual world applications and design [Zyda9l, Zyda92]. With the recent advent of 3D

rendering programs for personal computers [Gore92, McManus92] and low-cost 3D

workstations [Stahr9l], virtual world designers now have the capability to write

applications for a burgeoning market. Some applications of virtual world systems are

described below.

Intelligent tutoring systems using virtual worlds can simulate training scenarios and

interact with the user to enhance performance skills. Taking advantage of realistic 3D

representation of the desired training environment (especially in applications involving

moving platforms, such as flight simulators or robotic devices), the trainee can realistically

interact with objects in a virtual world without being constrained by restrictions that exist

in the physical world. An engineer can be trained on a nuclear propulsion plant, for



example, that offers the capability to travel to the various engineering spaces at an instant

in time to see the status of the plant from various perspectives. The same engineer could

even enter the virtual reactor vessel and examine fluid levels, navigate the spaces looking

for primary leaks, or go to the scene of a casualty to determine current status, all by

traversing the virtual training environment. By remembering the training simulations

completed by each student and recording any incorrect actions performed, the virtual

intelligent tutoring system can tailor future training scenarios, or even select the appropriate

virtual environment, to optimize the training benefit for each trainee [Woolf90]. This

capability can exploit virtual world technology to perform real-time training, by

remembering where the student was in the virtual world when errors were made or when

training was interrupted.

Virtual world Computer-Aided Design (CAD) programs can model enhancements to

existing products, or create new ones, that can be designed in cyberspace before actually

existing. With relatively low-cost workstations emerging in the marketplace, some systems

can be designed by the prospective users, instead of design teams that are not familiar with

the environment where the product will be used. For example, submarine fire-control

systems that perform presetting and control functions on torpedoes, cruise missiles, mines,

and other weapons have long suffered interface problems with the actual crew members

who use them, partly due to the lack of submarine experience by the design engineers

[Daley85]. With virtual world modeling of the new fire control system's interface, the users

can operate and modify the new system before it is ever built, saving costly and time-

consuming alterations to the fire control system and the resultant training expense and

performance degradation. Obtaining this type of efficiency by eliminating wasteful

modification expense is, in fact, the goal of the United States Department of Defense

Modeling and Simulation Plan [Atwood91 ].

3D graphics programs can use a virtual world to present data in a new and effective

way, allowing the user to interact with the data itself in real time [Brand88, Card9 1]. A field

commander can analyze updated intelligence information by actually visualizing reports of
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enemy strength in a virtual environment; for example, tank and artillery strength. By

modeling what were originally raw numbers into the actual vehicles, and placing them in

the applicable environment, the commander can better visualize enemy strength, adjust

battle tactics, and perform "what-if' analysis on the data, including manipulation of the

time variable to analyze trends and project future engagements. Xerox PARC's

Information Visualizer provides the capability to compress or expand time while viewing

chronological events [Mackinlay9l, Card9l, Henderson86]. Some of the extensions

discussed below can add the ability for the user to directly access related information

elements (files, graphics, sounds, animations) that are viewed on the chronological

perspective wall.

B. VIRTUAL WORLD INTERFACE DEVICES

Many virtual world programs incorporate special interface devices to provide the user

with the capability of effective 3D interaction with the simulated environment [Krueger9l,

Rheingold9l]. These devices include stereo goggles, data gloves, and body suits. While

these devices may be necessary for certain applications, many virtual world applications

have no need of these currently expensive and cumbersome devices: the user can

effectively interact in 3D using a 2D CRT that simulates 3D. The use of special 3D input

devices, such as a spaceball or flying mouse, is not inherent to the definition of a virtual

world; however, these devices can facilitate interaction with the environment in a more

efficient and realistic manner. This thesis does not assume the use of these devices for

virtual world applications unless so stated.

C. NPSNET

NPSNET is a virtual world system developed at the Naval Postgraduate School in

Monterey, California [Marsan9l, Zyda9l, Zyda92]. In its current configuration, NPSNET

runs on Silicon Graphics IRIS workstations and uses a spaceball as a 3D input device, in

addition to the more traditional button, knob, and mouse inputs. The architecture of

3



N PSNEl' providJes the capability for multiple users to simultaneously interact '11hi the

emi ii onment in real time over an Ethernet network.

311

Figure 1.1 NI'SNET Interface Example

N l'SNLI (see figure above) molO(~s a 50) kilometer square geographic area located at

loit I lunuer Iiet.California. This area is modeled using actual detailed data from the

terrain, including hills. valleys. and lakebeds. The program models a variety of vehicles

both real and] imaginary. including tanks, aircraft. and a variety of land vehicles. The user

can operate any vehicle riot Currently being driven by another user. and can fire on any, other

vehicle (which can shoot back). Autonomous vehicles operate in the background, and can

lie mt eractedl %% ithb Ii ny user on thle net work.

N PSNFETI shows that a real-time, interactive 3D simnulation system for multiple

si muIt ancous participants is ach ievabfle using low-cost workstat ions. The user can enter one

oif 5001 active vehicles and interact with other users and autonomnous vehicles,. Real-time
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vehicle movement and texturing of objects is modeled in the virtual world. Vehicle

positions are predicted using dead-reckoning until the user changes direction or speed, and

updated positions of user-driven vehicles are passed over the Ethernet. Workstations used

in NPSNET range from the relatively-inexpensive IRIS Indigo to an IRIS model VGX with

multiple processors1 [Zyda9l ].

Planned applications for NPSNET include training and strategy development for

coordinated operations and war gaming. Other environments can be incorporated in the

future, including ocean environments for naval surface and subsurface simulations.

D. HYPER-NPSNET

Hyper-NPSNET originated with a desire to embed information into the terrain, to

provide for analysis that extended beyond interaction with the virtual objects. By providing

buttons or other icons that appear, by selectable option, in the virtual environment, the user

can retrieve information about fixed or moving objects, observe or effect changes in the

environment, and perform high-level analysis on objects in the virtual world. The

information obtained by the user can take the form of text, graphics, animation, sound, or

a combination of the above, and can be linked to other related information. This

information can be accessed either in real-time, compressed or expanded time, or in a time-

frozen state, to provide look-up capability for users in a training scenario, for example.

While each information element could be individually embedded into the terrain, the

resulting structure does not provide the ability to connect the embedded elements. Since the

embedded elements could take the form of a reference manual, for example, that other

elements require the use of, it became clear that some of these embedded elements would

need to be accessed by more than one item in the virtual world. The need to link these

information elements together suggests the need for a hypertext/hypermedia structure

[Nielsen90]. Additionally, in very large systems, the requirement to access each item

1. The Personal IRIS model does not have texturing capability, but otherwise has the identical func-
tionality on NPSNET as the more expensive workstations.
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individually is tedious, and causes excessive icon clutter in the virtual world. By linking

these information elements together and embedding each of them into a specific location in

the virtual world, an underlying hypertext provides the ability to explore related items in

the hypertext via an information retrieval system; provide search analysis capability for

objects in the environment, adjust viewing perspective to predefined specific vantage

points, and even directly travel to other locations in the virtual world. The resulting

HyperWorld has the power of hypertext not alongside a virtual world, but embedded into

it. Hyper-NPSNET is the planned implementation of an embedded hypertext into the

current NPSNET virtual world.



II. PREVIOUS WORK

A. HYPERTEXT AND HYPERMEDIA DEFINED

As contrasted with normal text which is sequential, hypertext is non-sequential in its

structure, with links connecting the non-sequential nodes of text [Nielsen9O, pp. 1-3].

Rather than force the reader to consecutively proceed from sentence to sentence or page to

page, with a hypertext the reader can be given multiple options after reading a given chunk

of text. For example, after reading an introduction to calculus in a hypertext-driven training

system, the reader can be given options to start the section on derivatives, consider present-

day practical examples of the application of calculus, review pre-calculus material, or send

electronic mail to the professor (possibly to express panic or concern). Hypermedia extends

the concept of hypertext to include non-textual nodes, such as graphics, pictures, sound,

animations, or combinations of these. Some of these nodes may actually be applications,

such as a program that performs calculations on data that exists in a particular node at a

given point in time.

B. VIRTUAL WORLDS

The mention of the term "virtual world" to some creates an image of 3D goggles, data

gloves, or even body suits to some people. This thesis considers a virtual world to exist

anytime that a three-dimensional environment exists where a user can navigate and interact

with the 3D space. While some applications use the above devices to enhance the

immersion of the user into the environment, for other applications these devices are

unnecessary. NPSNET is an example of a relatively low-cost virtual world system which

offers effective 3D navigation and interaction, using a spaceball as the only 3D-input

device.

Virtual worlds can be defined as any hazardous, fictional, or simulated environment

modeled by a computer system [Zyda9l]. Although some authors treat the terms virtual

7



reality, artificial reality, virtual world, and cyberspace as having approximately the same

meaning [Krueger9l, Furness9l, Rheingold9l], the term virtual world is used herein to

convey an environment that may be either real or unreal, embracing both virtual reality

environments (which specifically attempt to represent reality, an actual environment) and

cyberspace environments (which specifically attempt to represent unreal, imagined, or

micro- or macro-environmentsl).

C. EXAMPLES OF VIRTUAL WORLDS WITH HYPERTEXT

Many examples of both virtual world and hypertext applications exist separately. The

idea of hypertext was probably first conceived by Vannevar Bush, as publicized in his

historic article "As We May Think" in the Atlantic Monthly in 1945 [Bush45]. In this

article, Bush proposed the Memex (memory expander) system, which contained many of

the elements we today attribute to hypertext. Although the Memex system was never fully

implemented, Bush's writings provided the blueprint for future hypertext systems, and

inspired future hypertext pioneer Doug Engelbart, who later invented the mouse and

pioneered advances in interactive computing [Nielsen90, page 31]. Current advances in

hypertext and hypermedia systems are being made on many fronts, including work that is

funded by many different government and commercial sponsors at the MIT Media Lab.

Virtual worlds, as contrasted with hypertext systems, are an even more recent

phenomenon. Workstations with real-time interactive 3D capability did not become widely

available until the late 1980's; indeed, two-dimensional graphical user interfaces only

became widespread with the advent of Apple's Macintosh in 1984. Although scientists and

engineers were experimenting with graphical interfaces in the early 1970's, primarily for

simulation and training applications. The relatively high computational requirements of

rendering three-dimensional objects and updating them in real time has, for the most part,

1. Micro-environments (environments containing enlarged representations of things smaller than
can normally be seen with the unaided eye) and macro-environments (environments containing re-
duced representations of things that are normally very large) contain elements of both cyberspace
and virtual reality, since they attempt to depict items that are real, but present representations that
are normally unavailable to us.

8



limited virtual world modeling to either the IRIS workstations offered by Silicon Graphics

or dedicated simulation systems, such as those developed by Evans and Sutherland

[Rheingold9l, p. 204].

1. The Information Visualizer

The Xerox Information Visualizer, developed at the Palo Alto Research Center

(Xerox PARC), is one of the only known examples of a virtual world that incorporates a

hypertext-like structure. The Information Visualizer reorganizes information into graphical

objects that can be manipulated in 3D, using a metaphor called 3D/Rooms. The user is

presented with a three-dimensional representation of a room, which contains familiar

objects such as a table, a bookshelf, a chart on the wall, and one or more doors, along with

unreal objects, such as buttons or icons. With the 3D interface, the user can navigate

through the room, examining the various objects, and can select icons which present

information related to their context. These icons include buttons attached to the floor,

which flip up toward the user and present a variety of options when selected; textual items

on a time line, which expands, contracts, and scrolls through time as selected by the user,

and more objects which offer other interesting applications [Card9l]. The user can then

leave the room by navigating through one of the doors, and enter another room which has

items grouped in a different context, perhaps for a different purpose altogether.

This work at PARC created a paradigm for what they called an Information

Workspace, an extension of the desktop metaphor. An information workspace increased the

amount of information directly available to the user by using 3D interface techniques to

enhance the query tools available to the user. This system addressed the problem of

database retrieval, but went beyond the simple retrieval of information to incorporate the

actual use of the information once it is retrieved. Still, the virtual world exists in this system

primarily for the purpose of more efficient and effective retrieval of the information
encoded in the hypertext, by providing a mechanism to "visualize" the information.

[Card91, Mackinlay91,Robertson91].
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One of the data sets used by Card's group at PARC was a unix-like hierarchy tree

that used three-dimensional modeling to wrap the lower tree levels around imaginary

circles. This provides a carousel-like effect: when a file near the "back" is selected, the

carousel rotates the hierarchy toward the user at and below the selected level. The PARC

group found that if the rotation occurred instantly, without showing the intervening

positions of the hierarchy while it was rotating, that the user became somewhat disoriented.

The animation of the carousel, however, completely removed the disorientation. This

observation led to a design decision for Hyper-NPSNET's navigation through portals,

discussed below [Card9l].

D. ADVANTAGES OF COMBINING VIRTUAL WORLDS AND HYPERTEXT

The ability to traverse a 3D space in a virtual world provides the user with the

capability of interacting with virtual objects and exploring environments that depict either

an actual or an imagined environment. Hypertext allows the user to navigate an information

space in a non-sequential sequence, based on the user's own needs. Although virtual worlds

by definition offer the ability to interact with the environment in real-time with no pre-

defined navigational script, they generally restrict the user to traveling in real time.

Many virtual worlds offer only the ability to interact with the objects in the virtual

world. It is not uncommon to see spheres or cubes in a virtual world which can be pushed

or caught, responding with physically-based modeling as if they existed in a world with a

prescribed amount of gravity, and the desired resilience [Rheingold9l, Mandala9l]. Some

virtual worlds offer the user "walking tours" that allow the user to walk or bicycle on a

special-purpose platform (while grasping a hand rail) to navigate around [Brooks9l], and

still others allow the use of virtual tools on virtual objects [Bolas9l]. One virtual world

even offers the ability to eat virtual food, ordered from a virtual waiter [Naimark9l].

Partly due to the current limitations which exist in 3D interface design, the navigation

of the virtual space can be quite tedious. For example, a virtual world that depicts a factory

containing many different work areas may offer a useful simulation of manufacturing tasks,

10



but a supervisor in training may need to observe or explore several stations, perhaps at the

same instant in time. Navigating in real time around the virtual space to locations that are

well-known in advance is at best inefficient, and at worst unusable.

Many applications require more than simple interaction with virtual objects,

particularly education and training applications. The virtual world becomes more of a

setting for the actual work involved: familiar objects are represented as 3D icons that

perform a function related to the context of their appearance. In many cases, the ability to

examine information related to the objects, possibly while artificially frozen in time,

provides for dramatically increased functionality. In NPSNET, the user needs to be able to

select a vehicle and learn about its capabilities. After reviewing the information on the

vehicle, the user could need amplifying information or information on related topics; for

example, the user could want a list of vehicles that met specified parameters, or perhaps a

list of vehicles both older and more modem than the chosen vehicle. Selecting an entire

battle force, the user could need to review the historical locations of the force to determine

the force's strategy and intended movements.

With an embedded hypertext, the user can not only request information on selected

objects, but can also search for other objects that relate in a specified manner to the current

object. If desired, the user can use the embedded hypertext links to recall this information.

Perhaps more importantly, however, since each node in our 3D hypertext has a location in

three-space, the user can "transport" directly to the location of a desired node's location in

the virtual world. Using this capability, predefined locations, such as the ones desired in the

factory example above, can be visited with a single command (e.g., a mouse click),

eliminating the tedium of real-time interactive navigation through the virtual world. By

taking advantage of these capabilities and merging the concepts of three-dimensional

cyberspace and two-dimensional hyperspace, it is possible to create an environment that is

many times more flexible and functional than either virtual worlds or hypertext can offer

alone.

11



Ill. 3D4D HYPERTEXT 1

As described previously, hypertext systems provide a means of cross-referencing

related pieces of information. By devising links between related informational elements,

the user of a hypertext can quickly access information that explains, enhances, or modifies

the information currently at hand. Although the very first hypertext systems such as the

Memex system visualized by Bush [Bush45] were intended to be paper-based, the current

definition of hypertext implies the use of a computer [Nielsen90].

Shneiderman presents three "golden rules" that determine if an application is suitable

for hypertext, and Nielsen adds a fourth [Nielsen90, page 43] [Shneiderman89]:

• A large body of information is organized into numerous fragments.
* The fragments relate to each other.
• The user needs only a small fraction at any time.
° Do not use hypertext if the application requires the user to be away from the

computer.

These guidelines imply that some systems are not well served by hypertext

implementation, which certainly is the case. In the case of NPSNET or most virtual world

systems that have a need for lookup referencing, however, all of the above guidelines are

easily met. The following sections describe some of the functionality that would be

provided by an embedded hypertext in a virtual world application.

A. 3D/4D HYPERTEXT DEFINED

A suggested paradigm for a 3D Hypertext follows:

A 3D hypertext can be defined as a hypertext which meets the following two

properties:

* Each hypertext node, or anchor, has a distinct location in three-dimensional

1. Throughout this thesis, the terms "hypertext" and "hypermedia" are used interchangeably. It is
assumed that a hypertext will not be limited by design to nodes that are comprised only of text, but
can also contain pictures, graphics, sound, animation, video, or some or all of the above.

12



space.
- Any hypertext node can directly access another node and its 3D location.

One added characteristic to the above results in a 4D hypertext:

• Hypertext nodes can be automatically updated over time, or can contain links
to other nodes that have a specific temporal reference.

W
.! . . ..t .._.. .. . .. . _... . .. . . _

Figure 1.2: Prototype of Hyper-NPSNET Interface

B. LOCATION OF HYPERTEXT NODES IN 3-SPACE

The fact that each node has a distinct location in 3-space provides the required

functionality of lookup reference for any item, or any location, in the virtual world. That is,
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at any given location in the virtual world, a hypertext anchor can be embedded in the form

of a 3D icon: an icon that has visible width to the user in all three dimensions, and has a

unique identification number and noun name. Once this icon is selected, the available

hypermedia elements are presented to the user, as illustrated in Figure 2.

These elements can be comprised of a simple text field, but will generally contain

other hypertext nodes that provide additional options. For example, selecting a book icon

entitled "History" could lead to options that include temporally-oriented text, animated

sequences, a recorded quote by a noted historian, or amplifying graphics.

Additional functionality can be gained by locating the hypertext information at

designated locations in three-space. At first glance, it may seem unimportant where in the

virtual world the information is stored; however, by grouping the information at a specified

location, both the user and the system can make both logical and efficient transitions from

one area to another2. One approach would be to construct a library, visible in the virtual

world, that would contain all the supporting text nodes, sorted by subject, time, or other

desired indexing method. Additionally, the textual node can, once referenced, provide links

to other hypertext nodes (of any hypermedia type), which themselves have a relevant 3-

space location.

C. SELECTION OF 3D HYPERTEXT NODES

As described above, in a 3D hypertext, each node is made visible by a 3D icon. Other

non-unique attributes, such as media type, a noun name, a time flag for creation and

modification, and other descriptive information can also be attached to each node to add

flexibility to selection processes. The 3D nature of the identifying icon is vital to prevent it

from being "invisible" or hidden to the user. The visibility of all icons can be toggled on or

off at the discretion of the user, to prevent clutter effects in the virtual world, but once 3D

2. The ancient Greeks used spatial locations-buildings, walls, and so forth-as an aid to memory
when recalling speeches. Hyper-NPSNET can, if desired, embed the information into the desired lo-
cation, using either icons or the actual text.
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hypertext is made active, any icon that is visible to the user can be accessed with the

supplied pointing device, generally the mouse.

Icons are also temporally referenced; that is, they appear only when in time they are

applicable. An application that makes good use of this characteristic is a wartime

battlefield. Enemy forces arrive in, depart from, and cease to exist in the virtual world

(geographically a subset of the enemy country, for example) at various times, so the

hypertext icons that relate to them can be linked directly to the virtual objects themselves.

Once a tank explodes, for example, its supporting hypertext nodes cease to exist, although

other nodes not currently visible may continue to exist in an allocated 3D location to

provide historical analysis, replay, and other applications. Due to the temporal nature of

Hyper-NPSNET icons, color- or shape-coding is available to distinguish historical, real-

time, and projected objects. Use of these icons can also prevent object clutter in the virtual

world: the tank's actual position is represented by the tank object; turning on historical

hypertext displays icons along the tank's actual track; and turning on projected hypertext

displays the projected path of the tank according to intelligence estimates.

An important design consideration is selection ambiguity for the 3D icons. Since an

icon exists in three dimensions but is selected by a two-dimensional device, it is possible

to accidentally select an icon that is collinear in 3-space to the desired icon. To resolve this

ambiguity, the hypertext node nearest the location that corresponds with the user blinks,

indicating its proximity. Any other hypertext node, visible or not, can be accessible by

alternative selection methods, described below.

In any virtual world application that uses one or more two-dimensional CRTs, the use

of the various areas of the screen is an important interface decision. While most of the

screen "real estate" will be used to display the virtual world, other areas (such as a specified

vertical strip adjacent to the virtual world display) are generally needed to provide

navigation control, help, or amplifying data options to the user that is navigating the three-

space. In NPSNET, a horizontal strip at the top of the display gives information about the

vehicle being operated by the user at the console, including fuel and weapons remaining,
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velocity, and location. Display options are also available at all times to the user, such as an

overhead "geographic plot" of the area which shows where the user's vehicle is operating,

and the location and description of other vehicles in the same area.

Some area of the CRT is required to display hypertext options. Optimally, the

hypertext control panel should be displayed in a manner which would not obscure the view

of the virtual world, so as to not limit the functionality of the user in the virtual world while

using the hypertext, unless the chosen hypertext option is specifically designed to

manipulate the virtual world. Macintosh systems, for example, directly support the use of

multiple monitors, which can be used to display the desired information. In Hyper-

NPSNET, however, multiple windows are used on a single screen to present a type of

information consistent within each window.

One illustration of the benefits of a dedicated hypertext display area is direct selection

of a desired hypertext node. While graphical selections of hypertext icons will be limited

to those icons which are visible, the user could directly select a desired hypertext node by

specifying its unique noun name or identification number. Further, a database-like front-

end to the hypertext would provide the user with the ability to query the system for a list of

available hypertext nodes that meet certain criteria specified by the user, such as all nodes

in a specified proximity (see 3D zones, below), all nodes of a certain type, or all nodes that

relate to a specified subject. Once the results of the query are presented to the user, the user

can select any of the displayed nodes.

D. HYPERSEARCH

With the above numbering and location scheme, options can exist to provide the

capability to search from the current selected node for similar or related nodes in the virtual

world, providing the equivalent of a database front-end to access related elements, even

those of diverse media. This type of search, which will be referred to as HyperSearch, could

be based on diverse search queries, including search for animations on the selected subject,

text files that relate to the current node's descriptive attributes, or general searches for all

16



node types within a specified time frame. HyperSearch gives the user, and the virtual world

planner, options which significantly extend the functionality of applications in training,

analysis, modeling, and other applications.

1. 3D Zones

A supporting metaphor for HyperSearch is a data structure called 3D zones. These

zones exist invisibly to the virtual world in normal use, and serve as a location grid that

helps provide spatial orientation to hypertext objects in the virtual world. A lookup table

provides cross-referencing between virtual objects and their corresponding 3D zones,

preventing the user from the unnecessary chore of annotating which zones correspond with

objects of interest. Each 3D zone can have attached fields which identify the principle

object or group of objects that exists in the zone. Searches for hypertext objects can be

constrained to areas within a specified set of 3D zones.

a. Types of 3D Zones

There are two types of 3D zones: fixed and moving. Fixed 3D zones are

analogous to latitude/longitude/height-or-depth grids, and are used as positional references

in the virtual world. Moving 3D zones are attached to principal objects in the virtual world.

These moving 3D zones have a parameter which corresponds to a three-dimensional offset

from the object to which they are attached. As an example, a moving 3D zone can be

created to correspond to a 2000-kilometer offset from the center of an asteroid. A

HyperSearch can be performed to determine objects that exist, at a specified time, within

the 3D zone. A moving 3D zone exists at all times within exactly one fixed 3D zone, which

specifies the location of the moving 3D zone in the virtual world.

b. Type of Applications Utilizing 3D Zones

In addition to obvious correlation with virtual reality applications (latitude,

longitude, and height or depth), 3D zones have interesting possibilities in micro-worlds

(virtual worlds where normally small objects have been greatly enlarged, such as a
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visualization of the inside of a molecule) and in macro-worlds (such as a view of the solar

system as viewed from the galaxy Andromeda). In a macro-world of the solar system, for

example, the user can perform HyperSearch for all nodes of type picture that exist relating

to the 3D zone corresponding to the planet Neptune. Additionally, some applications of

virtual reality make good use of 3D zones. Such an application is detailed in section (d)

below.

c. Flexible Hypertext Links

Since objects in virtual worlds (in most applications) move, hypertext links

to those objects must also move. This has significant implications to the architecture of the

hypertext, which can be envisioned as a web-like structure with joints and feet that are

constantly moving. To maintain an accurate structure of this type is certainly expensive

from a computational point of view.

However, due to the object-oriented nature of Hyper-NPSNET's architecture,

the hypertext links may be formed dynamically; that is, when they are requested by the

user. The moving object's position is updated over time as it is currently with NPSNET.

When the user enables hypertext visualization, the position of hypertext links associated

with objects selected by the user are updated.

d. An Application of 3D Zones

Some applications require flexibility when creating moving 3D zones for

virtual objects. Certain objects can be best associated with zones by shrinking the 3D zones

to fit the objects, which results in 3D zones with various shapes (spherical for planets,

rectangular solids for navigational airspace, irregular for asteroids and bacteria, for

example). The actual shape of the 3D zone may or may not correspond directly with the

shape of the object.

An example that illustrates the importance of 3D zone shape irregularity is a

submarine's moving haven. In open ocean, a submarine is generally required to stay within

a moving haven, or MIN, which corresponds to a rectangular solid that moves at a
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specified course and speed. This arrangement serves to deconflict interference with other

submarines and surface shipping.

For our example, consider the MIN as being 50 NM (nautical miles) by 10

NM, from the surface to a depth of 150 feet, traveling on a course of 045 degrees true at 12

knots. The submarine must remain inside this MHN at all times until the MHN changes, in

accordance with the PATORD (patrol order) issued by the submarine's operational

authority. To calculate a moving 3D zone that precisely delimits the MHN to every nuance

of the submarine's curvature is to subject the system to unnecessary and impractical

precision, in this case. An MHN that forms around the geometric center of the submarine

is more than adequate. However, when the submarine is navigating restricted waters, such

as when egressing from a port with a twisting, shoaling channel, it is imperative that the

submarines "envelope of safety"--the distance from any point on the hull to the nearest

shoaling-be accurate to a matter of feet. A 3D zone constructed around a virtual

submarine to train the navigational team needs to be shaped with a high degree of accuracy.

2. An Application of HyperSearch

Consider an intelligent tutoring system application of Hyper-NPSNET that would

provide training for aerial combat maneuvers. The user, flying the simulator in real time,

can identify a distant airborne target, freeze the simulation, and use HyperSearch to bring

up information on the target type design, numbers that currently exist in the enemy

inventory, current known deployment patterns (temporally-significant data), and other

desired data. The user could then enter a mock-up of the enemy aircraft (which would be a

virtual object within the virtual world, or a meta-virtual object) and analyze the aircraft's

capabilities from the perspective of the enemy cockpit. An animation of intelligence films

of actual enemy aircraft maneuvers could be retrieved and examined using HyperSearch,

as well as surveillance photographs of actual enemy aircraft. After reviewing the desired

information on the target, the user can continue the simulation from the point at which it

stopped.
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The ability to not only review information, of varied media types, that relates to

a specified object, but to also process information that is gathered temporally, spatially, ar.d

dynamically about an object is a valuable analysis tool. A continuous search can be

performed in the background, informing the user when new objects of a specified type enter

the specified object's 3D zone envelope. A proximity search on a hemoglobin cell can

reveal the presence or absence of cancer cells in a micro-reality system. HyperSearch offers

the user tremendous power in the use of a virtual world.

E. HYPERNAVIGATION

1. Hypernavigation Defined

Another exciting capability of Hyper-NPSNET's implementation of 3D/4D

hypertext is the ability to physically traverse the 3D hypertext links to the location of a

selected hypertext node in the virtual world. Hypernavigation can be defined as the

movement of the user through the virtual world to a location specified by the selected

hypertext node. Through such navigation, the user can visit specified places in the virtual

world by direct access, instead of being required to navigate the virtual world in real time

to a location that is already well-known.

2. Portals

Hypemavigation greatly extends the power of the user in the virtual world, and

enhances the immersion of the user into the virtual environment. Any hypertext node is

now a portal, through which the user can pass on his or her way to a specified location. The

capability described above to directly access a hypertext node, by specifying its name or its

identification number, is essential to the implementation of hypernavigation. As an

example, a user could specify an object's 3D zone, and immediately be transported to the

nearest boundary. With the database front-end capability provided by HyperSearch, the

user can view the results of a query, such as "display all virtual world objects meeting the

following criteria:...", and then visit each one of them.

20



3. The "Alice" Effect

Work done on the Information Visualizer at Xerox PARC led to the observation

that the user can become disoriented if an object is instantly transported to the user. Even

in an example as visually consistent as the view of a unix hierarchy, the instant rotation of

a carousel-like sublevel added confusion to the user. This disorientation was eliminated by

providing animation of the carousel at a rate that was easily perceptible by the user, but still

did not cause undue selection delay of the desired object [Card91 ].

Hypemavigation literally adds many dimensions to this problem. In a virtual

world, the user can be instantly transported to a new location in 3-space, sometimes known

as the "Star Trek transporter" or "Alice" effect.3 Elimination of this disorientation is

reduced, if not eliminated, by enabling the user to literally ride the hypertext links to the

location of the selected node in the hypertext. The speed at which the user travels along the

hypertext link is proportional to the distance that the user must travel to arrive there, and

can be adjusted by the user. In the factory model, for example, the user may want to go from

the prefitting station to the frame assembly station rather slowly, so as to not become

disoriented while navigating the factory space. This is facilitated in the design of the factory

by presetting a rate of travel, applicable only while inside the factory, to an appropriate rate.

However, a trip to the virtual library, which exists on the roof of the factory in 3-space, may

occur at near instantaneous speed, since the virtual library only exists in cyberspace

whereas the factory exists in virtual reality. After visiting the virtual library to review

reference materials (or perhaps the performance history of employees who work at that

station), the user can rapidly return to the exact departing location in the virtual reality of

the factory. After returning to the factory, the Hypernavigation rate returns to the slower

value preset for the factory.

3. "(Hypernavigation can lead to an effect)...not unlike Alice (in Wonderland) faling down the rab-
bit hole, by the way." - Dr. Michael Zyda, March 1992.
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4. Hypernavigation Interface

Advances in interface capability can extend the power of hypernavigation.

Ideally, a voice-recognition system would allow the user to interface directly with the

hypertext control panel, providing the ability for the user to traverse the virtual world

quickly and efficiently. A voice-recognition interface for HyperSearch, for example, can

enable the user to issue voice commands for the destination desired, or specify parameters

for HyperSearch.Once HyperSearch finds a valid result to the search parameters, the user

can be immediately transported along the 3-dimensional hypertext links to the destination

of a specified node in the search product.

As effective as a voice-recognition interface can be, there are some environments

that preclude the use of such an interface (sp., those with extremely high levels and diverse

frequencies of background noise). Hypemavigation is in no way predicated on high-level

interface implementations, however. The user can specify the location desired using an

interface as primitive as a command-line prompt system 4, for example, and be transported

there as soon as the enter or return key is struck.

5. Three-dimensional traversal tracking

In addition to traversing a virtual world via hypernavigation, the hypertext can

also be designed to enable the user to backtrack along the path of traversal. A simple voice

command, button selection, or typed command takes the user to the previously-visited

node, or allows travel in a reverse direction on the hypertext link until stopped by user

input. This would allow the user to literally backtrack in three dimensions, which would

provide important functionality for simulation scenarios where temporal analysis is

desired.

As an example, in a virtual world modeling air-to-air combat, it is useful to

reconstruct the scenario of close-in air-to-air combat (dogfighting) and analyze the position

4. This example should in no way be misinterpreted as a recommendation on the part of the author
that such an interface be used, especially in conjunction with system such as Hyper-NPSNET.
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of the user's aircraft as a specific point in time relative to opposing forces. The hypertext

can be designed to "self-author" by "dropping" hypertext nodes periodically along the

flight path of the user's and opponent's aircraft and anchor themselves in 3-space,

providing a convenient mechanism for replay.

F. INSTANT ASPECT CHANGE

Since hypemavigation makes possible direct traversal to any specified location in 3-

space, the virtual world can be designed to default to a grid of hypertext nodes which exist

around any desired object or designated sets of objects. In a tactical battle simulation, for

example, a diamond-shaped grid of nodes can be constructed around each air or ground

platform in the virtual world. By directly specifying the location, such as "above",

"behind", "below", "front right", or "rear left", for example, the user can jump out of the

current vehicle and view it from the desired perspective. This would provide the ability of

the user to directly view the current location in the virtual world from a variety of

perspectives, including the frequently-implemented "God's eye" view. By specifying

another vehicle in addition to the location on the grid, the user can be transported to varied

perspectives of other vehicles in the virtual world, including an opponent's perspective, to

support such objectives as aspect analysis for scenarios such as air-to-air or submarine

combat scenarios.

An example application sensitive to aspect change is a proposed extension of Hyper-

NPSNET to provide submarine tracking simulations. Since the sound frequencies radiating

from a submarine are extremely aspect dependent, and the target's course must be

accurately approximated for weapons employment, it is extremely important to determine

the aspect of the target. A Hyper-NPSNET-based intelligent tutoring system could display

frequencies detected by sensors from the target, and then provide the user with the

capability to view the enemy submarine's actual aspect. Additionally, the user could jump

into the enemy submarine and view himself and his radiated frequencies, and perform

vulnerability analysis. After the training scenario is complete, the user can return to the
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location and time of critical portions of the engagement, and complete the scenario with

alternate actions to analyze the effectiveness of tactical options.

24



IV. AUTHORING IN HYPER-NPSNET

A. THE NEED FOR AGILE AUTHORING

Key to the success of Hyper-NPSNET is the ability to efficiently and effectively

modify existing virtual worlds or create new ones. Many virtual worlds require updating to

ensure accuracy and/or realism, since they contain temporally-sensitive objects or

environments whose rapid change requires the addition and deletion of objects. Some

virtual worlds require modification by the user to provide for more effective interface

paradigms; for example, intelligent tutoring systems that must adapt to the needs of the user

or group being trained. Hyper-NPSNET will have advanced facilities for adapting to

changing environments.

Hyper-NPSNET's authoring system will be usable on two levels:

" User level: high-level updating and modification functions
* Design level: high- and low-level authoring features

B. OBJECT-ORIENTED CONSTRUCTION

Hyper-NPSNET's object-oriented construction facilitates many of the high-level

authoring features planned for use by many applications. Objects in the virtual world will

be objects in the object-oriented programming (OOP) sense, and the construction of new

objects will be facilitated by the ability to inherit the characteristics of existing objects,

providing for maximum reusability of code. Behaviors of the objects that exist in the

current virtual world can be inherited selectively when creating new objects to provide for

specialized types; for example, "Apache", a new instance of class "helicopter", can be

created that has different speed, handling, weapons, and sensor characteristics, but in all

other respects resembles the generic class "helicopter".
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C. USER-LEVEL AUTHORING

Hyper-NPSNET's user-level authoring provides the capability to perform rapid and

effective modifications to the virtual world. It is important that the user be able to

efficiently modify the battlefield in wartime, for example, to account for the destruction of

objects, relocation of objects already in the environment, and the addition of newly-

deploying forces. A static and rigid virtual world would be completely useless as a real-

time analysis tool, and is only suitable in predictable training situations. Since wartime is

neither static nor predictable, Hyper-NPSNET's agility serves a major part in its

functionality.

In the user-level authoring mode, the user is able to select an object and create a new

instance of the selected object with a simple command from the keyboard or another input

device. Existing objects can be repositioned by a simple "move" function, which provides

the ability to input the exact new location of the object, or the option to select the object

and accelerate it in a specified direction and speed.

The user can also assign hypertext links from and to objects. As all hypertext links are

bidirectional, the user can simply specify two objects and assign a link which connects

them. Location and specification of the desired objects can be accomplished using many of

the tools described above, including HyperSearch and 3D Zones. If desired, the user can

perform a HyperSearch and connect all nodes in the search product to each other, making

a Kn -type graph structure.

If necessary or desired, the user can add or modify objects that exist in the virtual

library. Some applications require nearly constant updating of data files, especially those

in highly dynamic environments. Hyper-NPSNET can give the user access to any

unprotected nodes in the virtual library, including text files, pictures, animations, and

sounds.

Protection of nodes is performed at the Design Level. Any node with a protection flag

set can only be modified by a user with a Design-Level logon verification.
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In some but not all applications, the user can add multimedia node objects, such as

pictures, sound, and animation. Although most applications do not require the user to

manipulate objects of such diversity, others, such as Intelligent Tutoring System design,

multimedia-based research (such as analysis of language dialects or natural language

processing), and other applications require the user to become deeply involved in one or

more multimedia elements. Hyper-NPSNET provides the capability for the user to

manipulate these objects without requiring the user to learn a text-based computer

language. (As more workstations become available with digital signal processing (DSP)

and built-in CD-ROM capability, the provisions in the system to manipulate graphics,

animations, and sound increase rapidly.)

D. DESIGN-LEVEL AUTHORING

In addition to the functions provided in User Authoring, the virtual world designer has

many other tools with which to design and modify virtual worlds. The assumption implicit

in the design of the User Level is that the virtual world will not be modifiable to the user,

but the objects in the virtual world will. Therefore, the Designer can essentially move the

walls of the virtual world in any direction; add, delete, or modify 3D Zones, adjust preset

values for Hyper-navigation speeds, and perform reliability and interface checks (including

but not limited to a check for nodes that have no links assigned).

Designers also have the capability to assign and modify parameters assigned to

structures in the hypertext, such as the labels or offsets for 3D Zones. Most of these

functions for design-level authoring are supported by high-level tools and structures, which

precludes the need for entering of massive cryptic commands to accomplish a small

modification to the environment. Additionally, users can modify the interface panel of

applications that were created by them, allowing the opportunity to tailor the interface to

the actual users of the system.
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In some cases, the virtual world requires connection to remote databases to update the

status of objects in the hypertext. These functions are performed by those with Design

Level authoring.

E. AN EXAMPLE OF AGILE AUTHORING

In modem U.S. Naval submarine simulators, a battle stations team can detect targets

using the same sonar gear as is installed on the submarine, employ simulated weapons, and

perform tactical maneuvers similar to those performed in battle. The target is generally a

simulated ship or submarine that radiates noise levels by accessing digitized files of actual

targets, then adjusting the noise levels to take into account doppler and other effects

[Daley89l.

One of the difficulties in operating a trainer such as the one described above is

validation of the simulated targets. Since enemy naval capabilities change rapidly, there is

nearly a constant need to modify the target simulations to provide for new weapons

capability, changes in the radiated noise from each target, and structural modifications to

ship classes that change maneuvering and acceleration parameters. Typically, the process

to add one new submerged target to the system can take years, and thousands of dollars, to

accomplish.

In a system such as Hyper-NPSNET, the user has the ability to add or modify targets

with the above high-level tools. While modification of sound parameters is not expected to

be trivial, the user can modify the handling characteristics, and possibly some of the

weapons parameters, by using the high-level scripting tools provided to manipulate the

object files. Once these modifications are complete, the target can be validated by an

intelligence gathering team or other suitable personnel.
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V. APPLICATIONS OF HYPER-NPSNET

A. CHARACTERISTICS OF SUITABLE APPLICATIONS

As illustrated in the previous pages, there are many applications for virtual worlds with

embedded 3D4D hypertexts. It is illustrative, however, to provide an extended scenario in

which Hyper-NPSNET provides exceptional functionality.

Before embarking on an extended scenario, however, the following assumptions are

submitted as entering arguments in considering the use of Hyper-NPSNET:

* The application's domain is in an environment which has three-dimensional or
four-dimensional (e.g., 3D plus temporal) qualities.

" Graphical workstations with sufficient rendering power, such as the Silicon
Graphics IRIS series used with Hyper-NPSNET, are either available or
affordable for the application.

* The user is capable of manipulating the 3D interface.1

" Sufficient assets are available to update the virtual world as temporally-
sensitive data changes, or other changes occur in the virtual world.

1. Fighting the Virtual Battle

Development of tactics for a planned or possible tactical battle scenario is critical

to effective battle planning. Such simulations can reveal necessary changes in required

armament, force strengths, deployment and resupply strategies, and other factors.

To be effective for military battle planning, a simulation system must present

realistic depictions of the environment, provide agile authoring which is robust enough to

provide for fast and efficient updating of the environment, offer effective real-time

interaction with both the environment and the simulated opponent's forces, and provide

powerful analysis tools to the user. While many current simulation systems offer realistic

depiction of the environment, and perhaps the opposing forces, few offer the ability to

1. To accommodate users of various computer experience, as well as handicapped users, interface
design is critical. Alternate input devices, including the use of voice input, can provide for the ac-
commodation of users of various levels of computer sophistication and physical attributes.
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engage the opponent in real time, and none offer the capability of performing this

interaction on a low-cost workstation. Moreover, no other known simulation system

provides the agility necessary to modify the environment or elements within it to adapt to

rapidly-changing conditions found in a typical battle scenario.

Battle-planning simulation begins with a depiction of the geographical

environment; for example, an area near the Iraq-Kuwait border. Since the environment

being simulated has significant impact on the performance of the system, size and

resolution decisions are made that are tailored on the system's intended use. The size of the

area being modeled is dependent on the scope of the user: a commanding general requires

a significantly larger area than does a battalion commander, for example, and is interested

primarily in terrain and enemy force simulation. An aviation simulation, on the other hand,

has broader space and different resolution requirements than does a ground-attack

simulation.

Once the environment has been modeled to an acceptable level of detail, friendly

and enemy forces are placed in the desired positions. In a hypothetical scenario, friendly

forces are positioned in the area of most probable staging, and enemy forces are placed

either in currently-known locations or in areas where they would likely be found in the

scenario being simulated. In actual wartime, the ability to update the actual position of both

friendly and enemy forces is crucial to maintaining a reasonably accurate depiction of the

virtual reality being modeled. In support of this requirement, the Design Level author

provides an automatic updating capability that reads in both targets and friendlies by

identification number, then updates their positions in the virtual world. The User Level

author now only has to verify the correctness of the data which is automatically input.

(Target locations can also be updated manually, if desired.)

The current NPSNET prototype [Zyda9l] offers the capability of autonomous

and semi-autonomous forces. Hyper-NPSNET builds on this capability by providing

temporally-referenced analysis, which project the current virtual reality into a variety of

scenarios in cyberspace. The various cyberspace environments, which correspond to
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alternative tactics by both the enemy and friendly forces, can be visited, analyzed,

catalogued, and evaluated, to determine the outcome of alternate strategies. Enemy

positions can be visited to analyze the battlefield perspective from the enemy point-of-

view. Enemy weapons can be simulated against friendly forces during each scenario and

analyzed for effectiveness. Air missions can be simulated against the enemy encampments

to analyze for possible vulnerability. The current virtual reality can be analyzed using

HyperSearch to determine the strength of enemy forces, and 3D Zones can be established

to provide warning points when specified proximity boundaries are breached.

The ability to model such a scenario on a system such as Hyper-NPSNET adds

realism, agile authoring, and powerful analysis capability compared to systems currently

used for these purposes.

2. Magnetic Disk File Maintenance Training

Learning to perform maintenance on a device such as a magnetic disk file (MDF)

is frequently complicated by the fact that very few exist outside of shipborne platforms. On

FBM submarines where two crews operate the submarine, for example, the crew ashore

must undergo constant training to ensure readiness while the opposite crew is on patrol. The

availability of many shipboard systems for training is poor to non-existent.

Effective training on such systems is facilitated by three-dimensional modeling in

the Hyper-NPSNET virtual environment. In the virtual world, the user can interact with the

components parts of the hardware using button and knob controls, as-well as pointing

devices such as a mouse or spaceball. Combining the virtual modeling with a hypertext-

based Intelligent Tutoring System provides the user with the capability of reference lookup,

what-if analysis, hypemavigation, and hyper-search.

Maintenance routines can be simulated by providing the trainee with a textual

representation of the required procedure, along with a virtual toolkit. This toolkit contains

the required manual tools, electronic devices such as a voltmeter, and safety devices such

as electrically-insulated gloves. The trainee positions the probes of the multimeter on the
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test terminals, and the voltage or amperage that results is displayed on the virtual

multimeter. If the trainee touches a live circuit, appropriate simulation of an electrical

shock results, followed by training on electrical safety retrieved automatically from the

virtual library's technical reference. If a fire breaks out, the user is presented with

appropriate virtual damage control gear with which to combat the casualty.

During one of the maintenance procedures, the trainee becomes confused as to the

operation of the electro-hydraulic system which drives the MDF read/write heads. By

travelling down the hypertext link to the hydraulic system, the user enters a micro-world

where he is surrounded by the electro-hydraulic system. If desired, the user can become a

passenger in the hydraulic system, following the path of the fluid as it is forced from place

to place, then repeating the journey with specified isolation valves shut.

In some cases, there is a thin line between Intelligent Tutoring Systems and

Expert Systems. The same knowledge base that is used for training can also be used to

guide users that perform maintenance procedures, for example. The structure of the

underlying hypertext provides the application designer with a convenient vehicle for expert

system development.

3. DSRV Piloting

Learning how to operate a Deep Submergence Rescue Vehicle (DSRV) to the

precision required for docking with a sunken submarine, in amongst strong ocean currents,

is a formidable training task. By using many of Hyper-NPSNET's features, including

instant aspect change, hypernavigation, and hyper-search, the user can begin to learn to

navigate the DSRV without actually using the vehicle, saving costly time and man-hours.

In the authoring phase, the DSRV and the sunken submarine are modeled in the

virtual world. Handling characteristics of the DSRV are implemented and certified to be

correct, and the actual mechanical devices used to control the DSRV are simulated. Ocean

current modeling is performed, based on actual data from the locale of the simulated
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emergency. The DSRV takes advantage of physically-based modeling to provide realistic

buoyancy and turning characteristics.

Hyper-NPSNET's Intelligent Tutoring System to train users in DSRV piloting

techniques can be set up to record progress of each specific user, including areas of

difficulty or mastery. Additionally, casualties can be programmed into the simulation, to

train on the proper response actions for fire, flooding, collision, etc.
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VI. SUMMARY AND CONCLUSIONS

This thesis presents a blueprint of a system yet to be, a marriage between a dynamic,

user-adaptable way of organizing information, and the most revolutionary step yet

achieved in interface design. There are many issues that remain that will shape the

implementation of systems such as Hyper-NPSNET. Some of them are presented below.

A. VIRTUAL WORLD DEVELOPMENT

Due to the relatively recent emergence of virtual world capability on low-cost

workstations, it is somewhat problematic to make assumptions about what direction virtual

world development is taking. Some still think it's too expensive; others are disillusioned by

scratchy, jerky demonstrations, although important advancements are being made at

improving interactive display smoothness without increasing CPU power [Teller9l]. While

some see virtual worlds as an important new capability for advanced computing, still others

live in fear that virtual worlds will become the escape of choice for future generations,

surpassing television as a way to "immerse" oneself in a distracting world, or even

providing the gateway to the development of cyborgs and other machine-enhanced

creatures [Foley87, Gibson84, I Gibson86, 2Gibson86, Gibson88].

Any powerful tool, be it a workstation or a buzz saw, offers the potential for abuse,

and virtual worlds are no exception. Although one would hope that most users will use the

tools with care and appreciation, there will always be those few that attempt to use it for

illegal and/or selfish reasons.

The above is, however, no reason to deprive the rest of us from a powerful, affordable,

and effective tool. Virtual worlds can present environments to the user with a realism

matched by no other system. Objects can be rendered in their familiar three-dimensional

context, just like we are used to in the actual world. Creatures as complex as articulated

beings can already be manipulated in very life-like simulations [Badler9l]. Once modeled,
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many virtual objects can be manipulated in 3-space using simple and cost-efficient input

devices. When a sufficient number of these devices have been made and used in a variety

of applications, it will be up to the evangelists of HyperWorlds to increase the accuracy of

the public's perception of virtual world systems, and to bring the message of the cause to

the system designers of the world [Kawasaki91].

B. MODERN HYPERTEXT TRENDS

Hypertext is finding an increasing number of applications for an increasingly large

base of computer users. Systems such as Apple Computer's HyperCard, given away free

with every Macintosh sold, have provided a large base of end users and a surprising number

of hypertext designers[Apple9l, Goodman90]. Shareware archives have gigabytes of

hypertext applications, written programmers ranging in expertise from novice to expert

programmers. Nearly every variety of personal computer has a hypertext language that

provides convenient high-level hypertext design. Some applications use hypertext as an

ideal on-line help system.

C. VIRTUAL WORLD INTERFACE ISSUES

Some applications require the full immersion capability of 3D goggles, datagloves or

bodysuit for effective interface with the virtual environment [Kelly89, Lanier9l], Many

more, however, require only display interfaces such as that used for Hyper-NPSNET (2D

display, mouse, spaceball, knobs, etc.). As with many questions regarding the use of

computer systems, there is no absolute answer as to the type of interface that should be

applied for all applications.

As the complexity of the virtual environment and the underlying hypertext, increase,

the need for more sophisticated interface technology is inevitable. Just as there was no

apparent need for the mouse as an input device a short time ago, and a spaceball was not

envisioned by most, tomorrow's Hyper-NPSNET-like systems will requirt the use of

higher abstractions in the use of interface devices.
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Voice-recognition devices, considered impractical and overly expensive just a few

years ago, are now finding their way into the commercial marketplace. Apple Computer is

already demonstrating a voice-recognition system that runs on a Macintosh (nearly all

models of which come with a built-in microphone), NeXT computers have voice e-mail

capability, and Silicon Graphics' IRIS Indigo includes built-in digital signal processing

(DSP) [Rheingold85,Ho~lis92,Stahr9 1. Commercially-available voice recognition

systems exist now for personal computers, and have enjoyed some degree of success, as

evidenced by the competition starting to present itself in the marketplace [Hollis92].

One company, Bright Star Technologies, markets a low-cost product that models a

human agent that appears on the screen and performs requested functions [Gasper9l].

Although most of the interface with the agent is by mouse selection, a limited voice

interface exists, and can be further developed as personal computers develop increasing

voice recognition capability.

In virtual environments, agents can assist with many of the functions found to be

cumbersome in current virtual world systems. An agent that interprets either a voice or

tactile input to increase or decrease the speed at which the user travels through the virtual

world, for example, gives the user more freedom to explore the virtual space. Providing the

user with the ability to name the 3D Zone which corresponds to the desired destination, for

example, provides tremendous flexibility and efficiency. Virtual agents with natural-

language interfaces may be the ultimate front-end to HyperSearch: few interfaces can

improve on the efficiency of interactive dialog when searching for a particular bit of

information [Brand88]. Whether the agent takes the form of a human or not is an interface

issue; the resulting functionality is a major design issue in the architecture of increasingly-

complex systems [Laurel901.

D. FOUR-DIMENSIONAL HYPERTEXT

The development of virtual worlds is still in its infancy. Currently, much exploration

into virtual worlds is severely limited by the power of the average workstation processor,
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and many people still think of virtual worlds as a drug-induced psychosis used to escape

the real world. Clearly there is a lot of education in the future for virtual world advocacy.

With recent developments in the engineering and the marketing of 3D workstations,

however, virtual world development is poised on the point of no return.With aggressive

virtual world development also comes the reaction from the general public, which can

range from indignant self-righteousness to paranoia to a complete embracing of the

technology.

Hyper-NPSNET makes the point that hypertext is ready to go not 3-D, but 4-D. With

virtual systems that are referenced to an instant in time-either past, present, or future-a

hypertext can traverse time and grow or shrink appropriately. More than just simple

retrieval of text, a hypertext in a virtual world can maintain a database that describes, even

circumscribes, the environment being modeled in the virtual world. Powerful tools such as

Hyper-Navigation, HyperSearch, and 3D Zones greatly enhance the functionality of the

integrated system. With its powerful analysis capabilities and affordable cost, Hyper-

NPSNET can write a new chapter in the organization and presentation of information, and

in the development of HyperWorlds for diverse applications.
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