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Abstract 1.0 Introduction

The Naval Postgraduate School Networked

Vehicle Simulator 1V (NPSNET-IV) Is a low- w00 qimensional visual simulator developed at

gloeStéirSr;[ﬁl(;Et}(r)]: \t’\r’lgttterg’ngeglr;tg?nPneéx?;:(egﬁvtig"[he Naval Postgraduate School's Computer Sci-
) . '~ ence Department in the Graphics and Video Lab-
shelf workstations (the Silicon Graphics IRIS P P

: . Th j h I
family of computers). NPSNETIV has beer,0ratory. The project centers on the development

of graphics simulation software, and has
developed at the Naval Postgradu_ate S‘?homéxpanded to include many facets of virtual real-
(NPS)_Departm_ent of Computer Sc.lgnce n th?ty. NPSNET-IV is a low-cost, student written,
Gr_aphlcs and Video Laboratory. It utilizes Slmu'vehicle simulator that runs on commercial, off-
lation Network (.SIMNET) datapases gnd S.IM'the-sheIf workstations (the Silicon Graphics
NET and Distributed Interactive Simulation IRIS family of computers)
(DIS) networking formats. The DIS networking '
format is flexible enough to allow multiple play- ~ The Naval Postgraduate School was estab-
ers to game over the Internet. The availability ofished in 1909 to meet the advanced educational
NPSNET-IV lowers the entry costs of researchneeds of the Navy. The school provides
ers wanting to work with SIMNET, DIS and fol- advanced professional studies for military offic-
low-on systems. Without the contributions of theers of all services and of foreign nations, as well
department's MS and Ph.D. candidates, thas civilian employees of the U.S. government. It
NPSNET project would be impossible to main-also supports the Navy and Department of
tain and continue. The diversity of their interest®efense through continuing programs of
accounts for the broad range of research are&@search and maintenance of expert faculty.
within the project.

NPSNET-IV is the newest incarnation of the
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NPSNET Research is being conductedncorporates forces, torques, energies and other
entirely within the Department of Computer Sci-attributes of Newtonian physics. The goal of this
ence at NPS as part of the MS and Ph.D. praourse is to use such modeling to simulate, and
grams. The research is directly supported by thgraphically depict, the realistic behavior of flexi-
teaching efforts of the Computer Graphics andble and rigid 3D objects.

Visual Simulation track. This track (one of six in

the d . 0 h i int i 5. Virtual Worlds and Simulation Systems -
€ departmen ) has a real-time, INeractiveye cover the design and implementation of real-
three dimensional slant that is particularly cons

ducive t Kin the virtual Ids field time, visual simulation systems for animating
ucive to workiin the virtial worlds field. and interacting with virtual environments in this

In addition to the general requirements ofcourse. We pay special attention to practical
the department, the track offers five classessues involving performance/realism trade-
designed to give the MS candidates an undeoffs; experience with computer/human interac-
standing of real-time, interactive three-dimention, especially novel input devices and para-
sional graphics and visual simulation. Thedigms; and simulating kinematic and dynamic
courses are: behaviors in real-time.

1. Computer Graphics - An introduction to  With the knowledge obtained in these
the principles of the hardware and software usecburses, the candidates are singularly prepared
in the production of computer generated imageso design and work with computer graphics sim-
The focus of this course is a major softwarailations. These officers, having graduated, are a
design project utilizing the departmental com~aluable resource to their future stations as Sim-
puter graphics facilities. The course is intendedlation Engineers, having a firm grasp on state-
for Computer Science students proficient in thef-the-art computer and simulation technology
development of software systems (proficiencyand software.
developed by previous departmental courses

At the school, many computer science stu-
common to all tracks).

dents choose to work on theses related to

2. Image Synthesis - This course cover®dNPSNET. Without the contributions made by
advanced topics in computer image generatiothese students, the NPSNET project would be
with the focus on quality and realism in com-impossible to maintain and continue. The diver-
puter image synthesis. sity of their interests accounts for the broad

3. Computer Animation - Presents the hisfange of research areas within the project.

tory of conventional and computer 2D/3D ani- Research and courses are supported by the
mation and state-of-the-art animation of 3DGraphics and Video Laboratory. During the
computer models. Students present paper/topgourse of a year, we have up to 35 students uti-
reviews and animation projects. The projectdizing the laboratory completing class and thesis
include real time computer animation and comresearch requirements. The lab currently has the
puter-generated animation videos utilizing thdollowing equipment and software:

Graphics and Video Laboratory facilities. 1. Silicon Graphics, Inc. (SGI) IRIS work-
4. Physically-Based Modeling - A physi- stations. We currently have: Powervision IRISes

cally-based model is a mathematical represent§340 VGX and 240 VGX models), 4D/35 Elan,
tion of an object (or its behavior) which 4D/30 Elan, ten Indigo Elan, four Indigo 2
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Extremes, five Indigo XS, two Reality Engine,lation) networking formats. Since the accom-
and two four-processor Onyx RE2. plishment of these goals, the research group has
2. Two Hewlett-Packard 9000 Series 700, 2€en fine-tuning the simulator, while also build-

ing an extension to the original NPSNET that
3. Sound support: Macintosh lici, EMAX- would lower the entry costs of researchers want-
Il sampler, Ensonics special effects processorfag to work with SIMNET and follow-on sys-

RAMSA rack and speakers. tems, so that NPSNET functions as a core
4. Two VPL Head Mounted Displays linking newer simulators to the older code.
(HMD). 1.1 The Virtual World
5. StereoGraphics  CrystalEyes  stereo- while NPSNET is a visual simulator, it can
scopic display system. also be categorized as a virtual world system.

5. Pioneer VDR-V1000 Video Laser Disk What is a virtual world system? Research in this
area is still at an early stage, and no one is sure

Recorder. .
) . how broad a spectrum of programs the field may

6. Galileo and Avanzar video boards. incorporate. Virtual world systems are the focus

7. Three large-screen monitors (two 55 inctpf much research and public attention, but many
and one 70 inch) other researchers focus on very narrow techno-

logical aspects of virtual world development
i.e., DataGloves, and Head Mounted Displays).
: he image conjured by the phrase “virtual real-
received). ity” is that of frivolous applications and expen-
9. Performer and MultiGen. sive gear. However, there are a myriad other

The NPSNET Research Group has recentl spects to virtual world research ranging from
begun a joint project with the Air Force Institute rcade games to medical imaging. In an attempt

of Technology (AFIT) under Advanced to include both ends of this broad spectrum, we

- . define “virtual world systems” as any system
Research Project Agency (ARPA) sponsorshlphat allows the user t>(; interact withya }t/hree-

AFIT and NPS are separately developing twa,. ) i .
advanced simulators in support of Warbreakeg'mens'omjll computer-grgphlcs generated_enw-
efforts. Warbreaker, a series of simulation exeronment. There are two kinds of virtual environ-

cises, brings together previously separaténent a S|mulat|0n_ of a real environment thc_at
research and development efforts using thE1aY be too expensive, 100 dangerous or too friv-

Defense Simulation Internet (DSI). The jointolous to interact with in reality (virtual worlds),
and a totally artificial environment created for

program between NPS and AFIT is the first aca< ~ = . o
demic cooperation program between the tw pecialized  applications  (cyberspace).  As
PSNET stands currently, it is a large scale vir-

schools. _ /
o ~ tual world, created to explore and interact with

The original thrust of the NPSNET project 3D terrain, structures and players on that terrain.
was to create a low-cost, government owned, . .
workstation based visual simulator that utilizes i ThefN_PtSNIET plr(;)Ject tfocus_es on ttrt1e aptptll-
Simulation Network (SIMNET) databases angcation ot virtual world systems in an attempt to

SIMNET and DIS (Distributed Interactive Simu- find useful, cost-efficient uses for thi; new tech-
nology. Because of the nature of this focus, the

8. Wavefront’'s Advanced Visualizer (with
Kinemation and Dynamation when released
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emphasis of the project is on software develop2.1 The Object-Oriented Programming
ment. While many researchers work with theParadigm
hardware of virtual reality, the NPSNET project

is developing the software to go with the tech~S an approach to programming that places

nology. This software includes hardware dr'versemphasis on the objects in a simulation. Instead

interfaces, networking Application Programmerof starting from the functions in a program and

Interfaces (APIs), graphics, and functions deter, o : A
mined by the particular use of the simulationthen finding the appropriate data, object-oriented

Thus, our goal is to build worlds that are usefugrogramming starts from the data and then
to inhabit instead of building the hardware t pplies functions. In this paradigm, everything is

ter th Oeither an “object” or a “class.” Each object is
enter them. encapsulated with all the functions it can per-
1.2 Immersion form, so that an object is responsible for running

One of the long-term goals of NPSNET iSaII the routines that apply to it, from calculations

total immersion. This phrase has two distincf® _anlmatlt_Jn. It also m_ake_s programming new
objects quicker by making it possible for a new

meanings. The first is that the graphics repre="- . : "
g grap P bject to “inherit” characteristics from other

senting the virtual world respond to the action biects. By defining th biect i o
and movements of the user via input devicePJECtS. By delining In€ NEW object in a certain
tegory, it will then inherit the qualities associ-

The other meaning is that the system convince )

the user that they really are in the environmen?ted with that category.

represented by the system. At present, while the In the last year, the entire NPSNET program
NPSNET graphics do respond to the movementsas rewritten to adhere to the object-oriented
of the user via input devices, Head Mounted Disprogramming paradigm. The new program
plays (HMDs) are not utilized. We have receivedNPSNET-IV), written in AT&T C++, uses a
two VPL HMDs and expect to integrate themvehicles and weapons hierarchy to take advan-

The object-oriented programming paradigm

into NPSNET over the next year. tage of inheritance so that certain classes of
_ object, a plane, for instance, will automatically
2.0 Current Projects have certain properties (it can fly, it can land, it

needs to be controlled, etc.). The code that
The NPSNET project has a history of diversejescribes a flight routine only needs to be writ-
research, all of which can be attributed to theen once, thus S|mp||fy|ng programming_ This
many students who choose to write their theseagerarchical approach is also being applied to
on the project, and who then research a subjegbjects other than vehicles and weapons, though
that most closely suits their interests. In the pashese appear to be the most useful app”cation in
year, many projects have been completecbur program.
enhanced or begun, all with the goal of develop: .
ing a fuIIy-interzgactive, believablg environmenfz'2 Real-Time Scene Management
and/or making the simulation available and use- One of the most important aspects of visual
ful. simulation is real-time scene management. It is
difficult to update the scene in real-time because
of the high computational demands involved in
graphics. Keeping a complex scene running in
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real-time means keeping the frames per secoralr real-time collision detection and response
ratio high. In order to keep that number high, ifor NPSNET.

is crucial to keep t_he nl_meer of polygons on the While it is not truly “physically based,” the
screen low. Graphics displays are made of polys-moke and dust trails we have added to

gons, and it is the moving and filling of th_em tha‘i\lPSNET—IV were developed from physically
takes such huge amounts of computation. Thlgased models. Unfortunately, real-time modeling

reduction Of. poly?ﬁn flotho th? SIPeCiﬁl hai{‘)rd_and rendering of physically based environmental
ware comprising the graphics pIpeline Nas DE€Q, i jg usually impossible for today’s graphics

a continual topic of research. We are currently, . «i-iione Instead, we have taken the physi-

running with a floating f_rame rate that is depenE:ally based models for each effect and simplified
dent on scene complexity. The program can ru

. them so that they run in real-time. The smoke is
as fast as sixty frames per second, or as slow

{ | : I Th falistic in appearance, as are the dust trails,
€n orlessin a very compiex scene. 1he aVera?ﬁough they do not follow all the physical rules

is between twenty and thirty frames per second.of their real counterparts. In addition to smoke
When we translated NPSNET into theplumes and vehicle dust trails, we have also
object-oriented programming paradigm, we alsavritten a number of effects in IRIS GL. To inte-
decided that the best answer to simplifying angrate these effects (which include flames, light-
quickening our scene management was to useeaing, sun and moon position and simulated
Silicon Graphics, Inc. API called Performer. Pernight observation devices) is not a difficult task,
former was written to most deftly utilize the Sili- in that they must only be translated into Per-
con Graphics Inc. IRIS family of computers. Itformer. However, it is a slightly time-consuming
enables the user to run the same program on asffort, one we expect to finish soon. This envi-
of the several types of IRIS at optimal speedronmental effects library will render our virtual
without having to modify the application soft- world more believable, and thus more immer-
ware. Performer runs in the background of thsive.
computer and handles many of the general-puE-4
pose processes necessary in a visual simulator,
such as hidden surface elimination and culling. Another aspect of NPSNET's physically
Thus, by using Performer, we have eliminatedbased modeling being developed is dynamic ter-

the need to write NPSNET-specific code forrain. The idea behind dynamic terrain is that the
these mundane processes. battle affects the environment. These changes

must be sent out across the network and reflected
in each player’s world view, even if that player
Physically-based modeling applies the lawgoined the game after the tree was knocked
of the physical world to the virtual world. This down. If a player knocks down a tree, the tree is
year, an accurate, quaternion-based flightepresented throughout the network knocked
dynamics model was written for the system thatlown. In addition to trees, we also have berms,
is capable of modeling any jet or turbo-prop airbuildings, craters and bridges that respond to
craft and producing relatively believable vehicledynamic changes. Craters can be driven over,
dynamics. New aircraft enter the system by thaffecting the vehicle's motion. The same was
addition of their flight characteristics into andone with berms, which were constructed on top
editable file. We have also continued to developf the existing terrain, while bridges can be

Dynamic Terrain

2.3 Physically-Based Modeling
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driven over and under. Such changes must kntity's movements, and intercept the entity.

recorded so that the exercise can be resum@&ince the completion of Nessy, we used her code
later should a hiatus occur. Physically-basetb create a Surface-to-Air Missile Site which can

modeling treats such graphics problems as prodrack and intercept SCUD missiles. We also

ucts of physical interactions. The informationbased an Aegis cruiser on her reactive behav-
generated by these interactions is saved and seotal paradigms.

over the network so that each player sees the

same state of the world. We are active in thﬁ,] e
development of Distributed Interactive Simula-

These forces are all controlled remotely,
aning that they are run from a workstation

. . separate from the rest of NPSNET-IV. The work-
tion (DIS) Protocol Data Units (PDUS) to repre'station, like any other “player” on the system,

sent dynamic changes to the terrain. CurrentlyéendS its PDUs over the network, to be read by

all static objects can be destroyed, so that a neW. rost of the players. This new paradigm makes

killed” icon appears. However, a recording anOIautonomous force and autonomous agent behav-

tratntsngss_lon | procetssd for state-of-the-world hag, easily modifiable. It also increases the speed
yetto be impiemented. of the program by bringing more computing
2.5 Autonomous Forces and Expert Systems power to bear on the autonomous force issues

The addition of autonomous forces intoWhIIe freeing up (.:PU time on the main
NPSNET is critical to the realism of the simula-\F SNET-IV workstation.
tion. When sufficient numbers of actual live2.6 Human-Computer Interface
players are unavailable or unaffordable, the sim-

lati ¢ de int i | Previ Part of our work with human-computer inter-
ulation m.us provide Interactive players. re\."'face involves a human factors evaluation of the
ous versions of NPSNET used a harnessin

. Head-Mounted  Displa HMD). Havin
program that listened to the network, grabbegeceived WO HMDs,pw)e/ ar(e exa)mining thgir

gnhmar)netjll Vﬁggﬁéf&j gavr? them all S'n:jp,ltﬁ.t'ﬁsefulness in various applications. Unfortu-
ehavior. In -IV, We have replaced thiS, ately, we have found many shortcomings in this

p;?\%ar?hgv'tgmz morreo fI:);bItehetgglmtéox trr(])atrinterface, including disorientation, poor resolu-
S S S purpose as SS prog and eye strain. This informal evaluation has,

The noise entities of previous incarnations, whg, fact, spurred us to research other forms of ste-

had purely reactive behavior options, have bee o . : : :
replaced by players that have a history, missiorﬁgssggglc display, including active and passive

goal and overall increased intelligence.

One of the major additions to NPSNET-1V is
at of stereoscopic display, utilizing the Stereo-
Graphics CrystalEyes system, to enable the user

:)hle 0:] coII|fS|ontavolldezﬂctefvxllllth %‘?Ch otger ]?tr;] 0 perceive true 3D depth in a scene. Stereo pre-
€ Shore, Tour trucks that follow the roads o ents a separate view of the scene to each eye.

virtual worl_d, and the I__ocr|1_ |:l_ess II\/Iok?ste:],l Wh'fthhese two perspective views are computed from
We are using as a simplistic rule-based mo eé e points slightly offset in the horizontal direc-

thgt.chases planes that fly close to it. Nessy Wadn. The views are then alternately displayed on
originally built as a proof-of-concept to assure,

that o creat tonom nts that the monitor screen at a typical rate of 120 times
at we can create autonomous agents that se second. The CrystalEyes eyewear, synchro-
when an entity enters a particular area, track that

These players consist of a drone aircraft th%
follows a pre-scripted path, four sailboats cap
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nized with this display rate using IR technologytems, is less than ideal as a vehicle control
precludes the right eye from seeing the left eye’device. It is a spherical knob affording the user
view and vice versa by utilizing an active LCDsix degrees of freedom. Unfortunately, due to its
shutter placed in front of each eye. The differconstruction, the SpaceBall makes it difficult to
ence between an object’s horizontal position ifisolate the several rotations, which users fre-
the two scenes (parallax) when fused by thquently find confusing and difficult to use. The
human visual system enables the perception @hore intuitive the interface, the more immersive
depth of that object. a given simulation will be. The joystick and the

NPSNET-IV has the capability to adjust theflight stick were chosen because they would be

horizontal difference between the eyepoints tgamlllar not only to pilots, but to most people

create more or less depth in the scene as desir gving played video-games. The sticks are also

The system is also capable of switching betweel° € quickly learned, and make people more
mfortable than the generally unintuitive

stereoscopic and monoscopic modes seamles
by a single key press. This capability is impor- aceBall. We found the SpaceBall to be very

tant since about ten percent of the population ig:lstraci::ng, ano{ ofur aim in replatcrllng I wagt tolf
“stereo-deficient,” meaning their visual systema ow the user o Tocus more on the game [se
ther than on the interface. We are now using

does not properly fuse the two images thus ca\ugﬁl

ing a single blurred image. The ability to operat%.e ﬂ'gh;\ St'CkT?Pd (;hr(_)ttle made dava'é?blfhby
in monoscopic mode is also important since th INNey Aero. This device, more durablié than

generation and display of two stereoscopic?ther joysticks we have tried, is nearly identical

views for a complex scene can cause the systetr% an actual flight control apparatus.

to drop below the perceivable smooth motion Currently, there are three input options: the
rate. two listed above and the keyboard. These

A related capability of NPSNET-IV is to options will facilitate switching between vehi-
widen and narrow the field-of-view for a givenCIeS once we have constructed a seamless envi-
eyepoint. This feature yields similar results tgonment. Just as SpaceBalls are less than ideal

changing a lens on a camera. By narrowing th@r flying, joysticks_ are less than_ ideal for (_1riv-
field-of-view, a zoom is accomplished. By wig-'ng a tank. Thus, if a player switches vehicles,

ening the field of view to the maximum, a fish-they will be able to switch input devices as well.

eye view is achieved. Both changes to the field~/S0, as we frequently give the code to other

of-view can be easily made with single keyorggnlzatlons who Iapk specialized - input
vices, the toggle option allows them to use

presses. It is widely accepted that both stereop ¢ device | ilable to th
and a wide field-of-view contribute to the per-W alever device Is avariable fo them.

ception of immersion and thus play an important  Sound is another form of human-computer

role in virtual reality research. interface that increases the sense of immersion,
especially when aural cues are spatialized. In the
l@st year, we pursued both synthesizer-generated
nd computer-generated sound. While many of

Another improvement in our human-com-
puter interface has been the integration of fligh

sticks. Used with simulations for years, we havé&

purchased several flight sticks, as well as severgh' cfotrrr]]pulltersRarell ta:greagiy sound-c?pablie, ti:je
joysticks, to replace the input devices currentl)}().|ohO N I:Ieb eadl yanrllnes are notl equippe q
in use. The SpaceBall, designed by Spatial Syg‘-’It a sound board. Ve have recently receive
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the necessary boards, and plan to install them seplacement for the SIMNET protocol in

that each workstation is sound-capable. Howbepartment of Defense simulators. With a
ever, our major thrust in aural cues has been iibrary that reads DIS packets in place, NPSNET
exploration of spatialized or “3D” sound. is able to handle information from any other

Spatialized sound depends on direction anB)epartment of Defensg simulaj[or source. It also
volume to indicate location and distance of thd"€aNS that NPSNET _mformatlon_WlII be__read-
source of the sound in the virtual world. NPS"J‘IQIe by a_II DIS-compliant simulations, military
Spatialized Sound Server (NPSSSS) relies on M otherwise.

Emax Il digital synthesizer, six speakers and two In the last year, we upgraded our DIS capa-
subwoofers to generate and play sounds actbilities, and were one of the first sites to comply
vated by interaction with the virtual world. The with the DIS 2.0.3 standards. Since DIS does not
program generates three types of sound: continvequire root privileges to implement or alter (as

ous sounds, triggered sounds and triggered-sp8MNET does), DIS safeguards against acciden-
tialized sounds. Continuous sounds include th&al and potentially catastrophic changes to the
player’s vehicle, whose volume remains coneperating system. Also, since DIS does not
stant, and environmental noises, like the waterequire root privileges, the number of program-

fall, whose volume decreases as the playeners able to participate in DIS integration is

moves away from it in the virtual world. Trig- greatly increased.

gered sounds are played at a constant volume Currently, NPSNET-IV reads Entity State

and are “triggered” by events in the Virtua‘IPDUs, Fire PDUs and Detonation PDUs. We are

world. For instance, if a missile gets W'th'ncurrently implementing the other twenty-four

range of the p_Iayer, a warning alarm is IOIayeOItypes of PDU, as well as additional aspects of
Triggered-spatialized sounds are the most conjp. py)g standards, including fidelity, exercise
plicated to generate. NPSSS.S must first read t&%ntrol and feedback and security standards.
PDUs off the network that trigger such a soun nother change we are currently implementing

(e.g. a detonation) and decide if the sound i :
within “earshot” of the player. If so, NPSSSS% to change our world coordinate system from a

d dto the E to plav th f?t world to an orbital (i.e. round) world. While
Sends a command 10 the =max 1o pray e Solifis s an important difference in the functioning
at the correct volume through the specifie

: L - ... of a virtual world, it is also a rather massive
speakers. Thus, if a missile impacts a bu'ldm%ndertaking, one that we hope to finish in the

one hundred yards in front of the player’s vehi-,__ .

_"coming year.
cle, NPSSSS tells the Emax to play an explosion gy _
through the left-front and right-front speakers at In order to test our DIS code, and in order to
the correct volume. Sound has become an impoparticipate in large area networked simulations,

tant tool through which information about thewe installed a T-1 link into our lab. The T-1 con-
virtual world can be imparted to the player. nects us to DSI, and we have used it to test our

networking code with AFIT and other DSI par-

2.7 DIS Integration ticipants.

The Distributive Interactive Simulation : .
S 2.8 Constructive Combat Model Integration
(DIS) Standard, which is an IEEE standard pro- onstructive L-ombat Model Integ

tocol for simulation information packaging, has  This year has also seen the development of a
been integrated into NPSNET. DIS is theproof-of-concept concerning the feasibility of
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integrating DIS standards into JANUS, theopment of these databases tends to be inconsis-
Army’s two-dimensional battle simulator. tent, and there is no strong standard to guide
JANUS simulates a battle from a higher levekesearch. Since these databases are very expen-
than NPSNET, and so is designed not as a comive to create, reusing databases already in exist-
plex visualizer, but as a stochastic scenarience is far more efficient than rewriting each
model. JANUS, a low resolution model, hasdatabase for every system with which it may be
poor display capabilities, and does not run inused.

real-time. Terrain database evaluation, testing and con-

Our proof-of-concept allows JANUS to sendversion are a permanent part of the NPSNET
and receive DIS Entity State PDUs. JANUS carefforts. In fact, the NPSNET Group began as an
also accept an NPSNET-1V Stealth entity, so thaattempt to provide one location in the US Gov-
JANUS may be observed in a three-dimension@rnment where many visual simulation data-
context using NPSNET-IV as the interface. Ofbases were understood, and where public
course, this is merely the tip of the iceberg, andomain software and assistance were available.
to fulfill our overall purpose, JANUS must be The focus of the NPSNET Group has been to
able to send and receive many types of PDU. Wearn how to read the “latest” terrain databases
are currently building a fieldable version of theand convert them for use with the NPSNET sys-
code, based on our proof-of-concept. tem. With this in mind, we have been beta-test-
ing databases and writing conversion routines.

regarding the possibility of a three-dimensional’'© '€ also p_r_o_\ndlng three-dimensional visual-
scripting system for JANUS. This system wouldZation capabilities for the US Army Test and

read JANUS scripts, and modify them for bettelExperimentation Command so they can examine

route planning. Because of the two-dimensionatr'e'r databases more thoroughly.

nature of the JANUS display, it has always bee@.10 Hyper-NPSNET

difficult to be certain that tanks were being The Hyper-NPSNET project has truly

?Oigg)gi%ulgor:/;rﬂsﬁe ':.h%’tatrr]]sst. Xl(?[hreeenzme rﬁxpanded in the last year, and already contains
: . ) T f th riginally envisioned. Th
sional interface to JANUS will facilitate more any of the aspects originally envisioned N

. : concept of hypermedia is that media, be it video,
efficient covert route planning. text or audio, does not have to be stored sequen-

We hope to complete this work in the nextially. A hypermedia book contains all the chap-
year. The goal of this project will be to extendters of the book, but one can access them in any
the life of JANUS, a model that the governmenbrder. Each chapter is a “node,” and it is accessi-
has invested in heavily. Also, by interfacingble from all other chapters related to it by sub-
JANUS with NPSNET, we are aiding the transi-ject.

tion from older technology into virtual simula- The Hyper-NPSNET effort is parallel to the
tors th_at we feel are the future of Cornbmcore NPSNET efforts. The goal of the Hyper-
simulations. NPSNET system is to integrate into the 3D vir-
2.9 Terrain Database Evaluation tual world hypermedia data. The efforts in the

- - - last year have produced a modified version of
Combat modeling requires terrain databasegPSNET—1 with a Motif user interface. In the

upon which an engagement is played. The devel-

We are also developing a proof-of-concep
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current version of Hyper-NPSNET, stored videauser to watch a battle (“live” or “recorded”),
clips (in Moviemaker format on disk) and audioeither from the ground or from a “God’s Eye”
samples (in AIFC format on disk) are attached teiew. The Stealth mode can be used to watch
information anchors placed on the terrain. Theeplays of battles and learn from them. For
replay of the multimedia data is possible vianstance, we can watch a battle where there were
direct selection with a mouse or via audio/videanany instances of casualties caused by friendly
landmine mode. This mode triggers audio ofire, and assess why it happened and what can be
video samples, depending on what is availablejone in the future to avoid it. In preparation for
when the player approaches within a certain dighis exercise we have developed a simulator
tance of the node. downlink for the Unmanned Air Vehicle (UAV).

The addition of hypermedia to NPSNETused to view targets and terrain, the simulator

may seem strange until one considers the pracf?—own.Iink provides_visual I_ight and infrared visu-
cal uses of such a device. If we embed a no ization of the virtual video collected by the

into a particular building, the node can be AV,

accessed and text or video containing vital infor- NPSStealth was used in the Warbreaker
mation about the layout, design, or purpose aflemonstrations (specifically, Zealous Pursuit) as
that building can be displayed, along with histora “silver standard”, i.e. a system that could be
ical battle and intelligence information. Thisused to verify other systems’ participation in the
information could be crucial to planning andSIMNET environment. A visual simulator shell
analysis on the virtual battlefield. These nodeand a SIMNET network code interface were
will also allow the user to make a search of altleveloped for the NPSStealth system. That soft-
other nodes and find related objects elsewhere ware was distributed to over fifty sites in fiscal
the virtual world. year 1993 (see Appendix A), and allowed the

2.11 Major Demonstrations rapid and low-cost entry of other simulators into
the Warbreaker efforts.

While the NPSNET Research Group gives . :
minor demonstrations within our lab at least Our work with Warbreaker also includes

once a week, in the last year, we participated igatabase and model traversal and manipulation.

two larger demonstrations: the Warbreaker exe _asma!ly, we have alde_d Warbreaker_ partici-
cises and the Association for Computingpants in their efforts to implement their data-

Machinery, Special Interest Group in GraphicéDases and models by making recommendations
annual conference (SIGGRAPH ‘93). about how to cut the databases down to usable

size, how to match together differing pieces, and

Warbreaker, a series of simulation exercisesnore detailed work, such as how to embed roads
brings together previously separate research amgto terrain. We have provided them with net-
development efforts using the DSI. Last yeaorking code compatible with SIMNET 6.6.1,
saw the successful completion of the first phasgs well as providing program monitors and diag-
of the project, Zealous Pursuit. NPSNET playeghostic code. In these ways, we have assisted the
a vital role in these exercises by providing fonvarbreaker efforts through consultation and dis-
them a stealth entity version of NPSNET. Stealthyibution of source code.

mode, which specifically gives the user a non-
. . . - In August, the NPSNET Research Group
interactive view of the battlefield, allows theattended SIGGRAPH ‘93 in order to demon.-
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strate the latest version of our virtual world sim-3.1  Continuation of Current Projects
ulator in conjunction with AFIT and ARPA. In

. While we have made great progress with
the Tomorrow’s Realities Gallery of the confer- g brog

many of our projects, there is still much to be

- ; | Sil Graphi kst accomplished. Some of our projects, such as ter-
consisting of several stiicon Lorapnics Workstas i, gaiapase evaluation, will continue basically
tions, an HMD, a BOOM mounted display, a

as they are, remaining a resource for the Depart-
_%nent of Defense. Others will continue to

. hdevelop, such as physically based modeling, in
LCD shutter glasses. Along with these COMPUL, hatever direction proves most pressing. Many
ers upon which the conference attendees we

Bt our projects will be expanded and improved

encouraged to play, were two Workstat_lonﬁn the next year, and we feel it is important to
devoted to autonomous forces and networking, &iscuss the direction of each

T-1 link to the DSI, and a live video link to
ARPAs Warbreaker facility. Both autonomous3.1.1 Autonomous Forces

and live players were piped in over the DSI from  aytonomous agent behaviors are taking on a
San Diego, Arlington, Dayton and Monterey. Athew dimension in the next year. Collaborative
our busiest point, we had 50 players (countingenayiors will be written and incorporated into
the autonomous players) participating simultanpsNET-IV using Modular Semi-Automated
neously. This was the first time the general pubrqrces (MODSAF) as an API. Multiple vehicles,
lic has been able to participate in a wide aregg they ships, planes or helicopters, will be able
networked visual simulation, and our exhibity, cooperate to fulfill a goal, thus making them
was in fact the only military demonstration at thgqgre like human players. NPS is one of seven
conference. We estimate that at least 10,000 Pe@honsored sites developing autonomous force

ple came through our booths at the Tomorrow'gehayiors with STRICOM's MODSAF program,
Realities Gallery during the five-day conferenceg,gq we hope to be the first to have complex col-

synthesis of our efforts, and feel we have learned
as much from this year’s participation as we dic-1.2 Human-Computer Interface

from our exhibition at SIGGRAPH ‘91. As was mentioned before, we are looking
) into immersive interfaces that are not based on
3.0 Future Projects the HMD. This includes the use of passive

) . glasses with an LCD shutter that fits over the

Future projects includes both long- andyomputer screen. The code we wrote for the
short-term efforts, some of which were meny cp shutter glasses can be used with the screen
tioned in the last section. Our future directiongptter without modification, as the screen works

will be guided, at least in part, by the needs of, ihe same principal and timing as Crystal
the Warbreaker participants. Many of OUlEyes,

projects are already funded, and have a success- , , o ,
ful proof-of-concept behind them. Some are far- Another immersion possibility lies in our
ther away than this, though there are none th&gcent acquisition of SCRAMNet, a reflective

are strictly “future” as we have made initial for-memory networking program. SCRAMNet will
ays into all of them. allow us to harness together multiple worksta-

tions, so that we can create the equivalent of a
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twenty CPU, five graphics pipeline computernetworking efforts will be the exploration of
We will then be able to render multiple viewsalternative methods of carrying network infor-
from the same point in three-space. By displaymation.

ing these views on monitors placed around a
player, and using our eight-speaker three-dimeq]-,]e
sional sound system, we will create a non-HMDDui

't:gnmzrﬁé\/?r;g\é'r?aﬂg]e%i\év'ﬂlo\./gg E;ﬁhbéeigm:vide dynamic group communication services
pleted in the next yeér takir?g lJJS vet another st and internetworlking to the application. Through
I to the immersi’ve seamless environme%ﬁe se of multlcast_gateways, groups can corm-
fh(;ﬁsr oﬁr goal unicate across an internet. The Multlca_lst Back-
' bone (MBONE) is an experimental internet
Of course, HMDs cannot be ruled out. Withserving as a virtual network which is layered on
every new generation, they become lighter, withop of portions of the physical Internet to support
higher resolution and quicker frame-rates. Weouting of IP multicast packets. This virtual net-
are currently integrating our HMDs into thework is composed of islands that can directly
NPSNET system, and hope to purchase the nestipport IP multicast, such as multicast LANs
top-of-the-line model. We also plan to purchasélike Ethernet), linked by virtual point-to-point
a BOOM mounted display for command andinks called “tunnels”. The tunnel endpoints are
visualization of an entity. typically workstation-class machines having
3.1.3 JANUS operating system support for IP multicast and

running the “mrouted” multicast routing dae-
Having developed a proof-of-concept for themon.

integration of DIS into JANUS, we hope to write

One such alternative method we are experi-
nted with is the Internet. We have recently
It NPSNET-IV on top of IP Multicast to pro-

We have used MBONE to demonstrate the
e(easibility of IP Multicast for distributed simula-
ﬁipns over a wide area network using DIS pack-

code so that physically separated units can tra i . . .
Phy y Sep ts. In the past, gaming with other sites required

together in the virtual environment, thus creatin rior coordination for reserving bandwidth on
a single cohesive fighting force. This goal is b . . ) . .
9 d 9 9 QSI. With the inclusion of IP Multicast, sites

no means distant, though it could easily tak ted via the MBONE . diatel
another two years of development before there fonnectedvia the Vit can Immediately par-
- ticipate in a simulation. Furthermore, we have
a deliverable product. . . ) !
_ integrated other multicast services such as video
3.1.4 Networking with NPSNET-IV; for example, allowing partic-

problems facing the virtual reality community, derivative of a video tool, nv, developed by Ron
but despite this, it remains an almost ignoredrredrickson at Xerox Parc and Stephen Lau at
issue. Many assume that networking will be easyR!-

once all the other problems are solved, even \While our research of Wide Area Network
though history tells us that without standardsmethods is limited by the direction the DSI and
networking is impossible. Our networking work ARPA take, our Local Area Networking efforts
has mostly revolved around keeping abreast @éan towards high speed networks. Considering
the latest version of DIS. The next focus of outhe state of development of Asynchronous
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Transfer Mode (ATM) protocol, we have choseractually going on outside. The technical difficul-
the Fiber Distributed Data Interface (FDDI) inties underlying this goal are of great interest to
our local area networking for now. We hope thatnany researchers in the field of virtual worlds.
this fiber optic technology.wnl ald. in our devel-d,,)_3 Virtual Sand Table
opment of both shared virtual simulations an
networked hypermedia. A sand table is a device used during battles,
simulations, and tactical planning sessions to
3.1.5 Hyper-NPSNET help visualize the terrain and troop movements.
Network speed is of key importance in theUsually, a sand table is just that: a sand-box on
development of Hyper-NPSNET. The nature ostilts where the sand has been sculpted to repre-
this project requires a network (as NPSNET isent specific terrain. Models are then placed on
predominantly a networking program) capabldehe sand table, and route planning lines are
of sending audio, video and text (as Hyperdrawn.

NPSNET is a multimedia program). The use of One of our goals is to build a virtual sand

video over a network is in |_ts |_nfancy, and net'table using the NPSNET code. With a terrain
work speed becomes a major issue when work;

' ith such a ti itical medium. We plan t atabase and a “God’s Eye View,” we hope to
Ing With such a time-critical meditm. YWe plan 10,0440 5 new tool for planning and visualization.

i i i t out work Inﬁ/hile we have not worked out the details yet,
real-time video Cclips sent out over a network. In, . hope to display the world in stereo (either

particular, we hope in the next two years to buil hrough the new BOOM mounted display, or

a small ATM test network. through LCD shutter glasses), thus allowing the
3.2 Urban Terrain user a more immersive and interactive experi-

To expand the training usefulness of€NCE, as happens with real sand tables.

NPSNET, the addition of “urban terrain” is 3.4 Meteorological and Atmospheric Effects
being considered. Urban terrain consists of mod-
eling cities or other populated areas, and Woulgp

entail the ability to exit the virtual vehicle and also plan to increase their number and realism.

enter wét.ual bunr:jmg‘s. Thle softwa_re IorObIﬁms\Ne feel that it is details such as these that make
surrounding such a “seamless environment: arg,, application truly immersive, and we plan on
daunting, beginning with the question of hOWincluding numerous effects. Some that we feel

one controls multiple modes of transportationare extremely important are wind, snow and
(including walking) with a limited number of ’

) . : ain.

input devices. But the problems of quantity otr _

detail, size of the datasets, and scene complexig/5 Instrumented Test Range Integration

also enter into the picture. In the end, we would  The first simulations involved soldiers on

like the urban terrain mode to enable the user {9,565 with blanks pretending to kill one another.
drive a vehicle through the streets, stop at ggqay, this remains an important aspect of simu-
building, exit the vehicle, enter the building andations, though our ability to “fake” battles has
interact with the objects in the building. Wegypanded astronomically. Instrumented  test
would like the world to be so complete that thgnges use special sensors throughout the battle-
user could look out the window and see what iie|q that relay information about vehicle and

We not only plan to incorporate the atmo-
heric effects already written for NPSNET, we
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personnel location back to a command centeworld into NPSNET are relatively long-term
We plan to work with one such instrumented tesgoals.

range at Fort Hunter Ligget within the next year.

NPSNET will operate as a visualization inter-4.0 Conclusion

face to broadcast the maneuvers planned for

December 1993. We will watch the exercise in A fully interactive version of NPSNET is a
the virtual world as the information is sent to ugontinuing developmental effort. Despite prom-
over telephone lines, allowing us to see the battiges by the media, virtual worlds are still in their
from multiple positions and angles. This givegnfancy, and there is no assurance that the tech-
the user a better overall understanding of thBology will develop as quickly as publicists
maneuver. It also allows the user to watch invisiclaim. Nevertheless, NPSNET functions as a
bly, so that the watched units do not know theptudy in three-dimensional visual simulation and
are being monitored. Thus, the observer does nwtrtual worlds. The very problems we face are
affect the performance of the unit. This optiorexamples of why virtual worlds are slow to
allows command and staff to understand th&merge.

actual workings of units in combat. However distant the NPSNET final product
3.6 Underwater Virtual World Integration is, we are still making valuable contributions to
. the research field, and to the Department of
The development of an underwater V'rtuaIDefense. We are a useful resource for other orga-

world has been underway at NPS for quite SOMfizations and government contractors. We hope

time. TSedworIdtls $Igg|USTJ\3 tes_ttr?n ':‘Utc;nofhat our work in commercial technology-based
mous Underwater Vehicle ) without actu- three-dimensional simulations will both hasten

ally submerging the robot. Just as a human m'gl?ﬁe arrival of fully-interactive virtual worlds and

\rllveali gn ":MD tE tbﬁ fo?rlle?’ _ th? tAL_JtV 'S demonstrate the existence of useful, cost effec-
ooked Up o workstations that Simulate ItS €Vig,q ;14| reality applications.

ronment. Basically, it is an immersive virtual

world for a robot. 5.0 Acknowledgments

Once the AUV’s world is a complete model,
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