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1. Abstract 

Sandia National Laboratories has developed a 
distributed, high-fidelity simulation system for 
training and planning small team operations. The 
system provides an imrnersive environment 
populated by virtual objects and humans capable 
displaying complex behaviors. The work has 
focused on developing the behaviors required to 
carry out complex tasks and decision making 
under stress. Central to this work are techniques 
for creating behaviors for virtual humans and for 
dynamically assigning behaviors to CGF to allow 
scenarios without fixed outcomes. Two 
prototype systems have been developed that 
illustrate these capabilities: MediSim, a trainer 
for battlefield medics and VRaptor, a system for 
planning, rehearsing and training assault 
operations. 

2. Introduction 

Sandia National Laboratories has developed a 
distributed, high-fidelity simulation system for 
training and planning small team operations. The 
system provides an imrnersive environment 
populated by virtual objects and humans capable 
displaying complex behaviors. The work has 
focused on developing the behaviors required to 
carry out complex tasks and decision making 
under stress. Central to this work are techniques 
for creating behaviors for virtual humans and for 
dynamically assigning behaviors to CGF to allow 
scenarios without fixed outcomes. Two 
prototype systems have been developed that 
illustrate these capabilities: MediSim, a trainer 
for battlefield medics and VRaptor, a system for 
planning, rehearsing and training assault 
operations. 

Section 3 of this paper details the system and its 
structure. The application is small team 
situational training with an emphasis on complex 
tasks, such as maintenance, triage, or urban 
combat. The trainees are fully immersed and are 
able to manipulate tools and objects in order to 

carry out their tasks. The system is dynamic, 
permitting the user to make mistakes and to see 
the consequences. Virtual humans populate these 
environments and are an integral part of the 
training scenarios. For example, the hostages 
and terrorists in the VRaptor system are semi- 
autonomous, while the virtual casualty in the 
MediSim system is fully autonomous. All 
respond to the actions of the user. Sections 4 and 
5 detail these two application prototypes. 
Section 6 discusses two extensions to the 
MediSim system: its integration into the DIS 
environment, and it’s potential use as a virtual 
prototyping mechanism. Finally, future work is 
discussed in Section 7. 

3. The Virtual Reality Svstem 

3.1 VR hardware 

Users may interact with the system in one of two 
ways. A transparent participant is able to move 
around the virtual world and to view it. They 
may also control events in the virtual world (as 
when an instructor sets up a scenario in the 
VRaptor system.) Transparent participants are 
not represented in the virtual world. They 
normally interact with the simulation via a 
conventional computer interface (menus, 
keyboard, flat screen.) 

An active participant is able to move through 
the virtual world and to view it. He is also able 
to manipulate objects in the simulation and to 
cause changes in the state of the simulation 
through his actions. An active participant wears 
VR gear such as that shown in Figure 1. Here, 
the user is wearing a headmounted display to 
provide him with a view of the virtual 
environment, and position trackers on his hands, 
head, and back, to provide the computer with 
information concerning his position and posture. 
Active participants are represented in the virtual 
world by Avatars. 
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3.2 VR Software 

The software platform used for this work was 
developed at Sandia National Laboratories 
[Stansfield, et al. 19951 [Stansfield, 19941. It is 
an open platform for creating and interacting 
with virtual worlds. This platform allows any 
number of users, devices, and simulation 
modules to be networked together to create a 
common, shared virtual world. Ethernet 
multicasting is used to share information among 
the simulation, sensor, and display components. 
This allows each simulation module to execute at 
its own speed, without impacting other modules 
or the time-critical update of the users' views. 
Each user is provided with his own ego-centric 
view of the virtual world through a VR Station 
module that updates the users' local view and 
sends information concerning him (e.g. changes 
in position) to the rest of the simulation modules. 

3.3 Avatars 

Small team situational training applications 
require that participants be represented within the 
virtual environment with a much higher fidelity 
than do other applications. It is important that 
team members be able to see each other as full 
human figures. Position, posture, gesture and 
body language are all vital components of team 
coordination and communication. Therefore, if 
VR is to be used to train, plan and rehearse 
operations, the virtual representations of team 
members must be capable of reproducing 
motions and actions with reasonable fidelity. In 
addition, VR imposes several additional 
requirements. First, and most important, the 
behavior of the participant's virtual self, which 
we call hisher Avatar, must be updated at near 
real-time to reflect the immediate actions of the 
user. In addition, the number of sensors/trackers 
used to obtain information concerning the 
participant should be small to minimize the 
amount of data which must be collected and 
processed, and also to avoid encumbering the 
user. 

The Avatar itself may be thought of as a CGF or 
virtual human, as it is capable of semi- 
autonomous behaviors. The Avatar driver used 
for this work [Hightower and Stansfield, 19961 
combines several techniques: kinematic solutions 
are first generated using the inputs of the four 
sensors worn on the user's body. Special 

heuristics are then applied to prune the number 
of solutions down to one that is reasonable. 
Heuristics are based on knowledge of the human 
body and of the probable motions of limbs (e.g. 
where an elbow is more likely to be positioned 
when a user is waving.) The Avatar also acts 
semi-autonomously during certain motions 
requiring fine manipulation. For example, when 
a user reaches for and grasps an object, the 
motion and placement of the arm is controlled by 
the user. The Avatar's hand posture, however, is 
selected automatically based on the object that 
the user is trying to grasp. The virtual objects 
also contain knowledge and use this to aid the 
user. For example, surgical gloves place 
themselves on the user's hands when they are 
grasped and then the fingers are touched. Figure 
1 shows a user and Figure 2 shows the posture of 
his associated Avatar. 

Figure 1: A user in VR gear 
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4. VRaptor: Rapid Scenario Creation 

The VRaptor system [Shawver, 19971, developed 
at Sandia National Laboratories, is a prototype 
system that allows non-computer specialists to 
rapidly define and create virtual reality scenarios 
for planning, rehearsing and training assault 
operations. Trainees may then interact with the 
VR scenarios to “experience” the operation. A 
proof-of-concept application, hostage rescue, has 
been developed using the VRaptor system. 

4.1 Hostage Rescue 

The basic situation for this operation is the 
holding of hostages by one or more terrorists 
within a closed structure (in the case of VRaptor, 
a room.) The steps in the rescue operation are 
essentially the following: 

enter the room 

breach into the room through a wall or door 
throw in a concussion grenade to stun the 
people inside 

bring out the hostages and any terrorists who 
have surrendered 

The primary decision-making in this operation is 
“shoot, no-shoot”. The rescuers must enter the 
room and quickly subdue the terrorists without 
shooting the hostages or being shot themselves. 
The unknown variables are the positions of the 
terrorists and hostages within the room and how 
they will behave once the operation is underway. 
The VRaptor system allows scenarios to be 
created that provide variations of these factors. 
This provides an opportunity for the team to 
rehearse the operation under many different 
conditions. 

4.2 System Description 

We use a movie metaphor to describe the 
components of the VRaptor system. 
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The director: The instructor may be 
thought of as the director of the action. He 
will create the scenario by assigning 
positions, roles, and scripts to each of the 
virtual actors. 
The set: Application-specific virtual 
environments and props are created for each 
operation. For the hostage rescue, the 
virtual environment is a room and the props 
are the concussion grenade and the gun 
which the participant uses. 
The virtual actors: VRaptor provides the 
instructor with a set of virtual humans who 
can be assigned roles and scripts. These 
virtual actors will then act appropriately 
when the operation is under way. In the case 
of the hostage rescue operation, the virtual 
actors play the parts of the hostages and 
terrorists. There are currently four virtual 
actors. The instructor may dynamically 
assign them roles using a menu-based 
interface. The actors may also be controlled 
during the simulation using this same 
interface (this capability is necessary for 
longer, more complex operations. The 
hostage rescue does not require this level of 
control.) A virtual actor and her menu of 
controls is shown in Figure 3. 
Marks: The virtual actors may be placed in 
any of several different positions within the 
room. They may also be given different 
postures (for example, sitting or standing; 
facing forward, etc.) ’ 

Scripts: VRaptor allows each of the virtual 
actors to be assigned a script (set of actions 
to be carried out when the operation is 
initiated.) These scripts are based upon the 
roles that the virtual actor has been assigned. 
For the hostage rescue, the hostages may 
either surrender by putting their hands 
behind their heads, or they may surrender by 
falling to the floor. The terrorists may 
surrender in either of these ways, or they 
may shoot at the participant. Any of the 
virtual actors may be shot by the participant 
and will “die”. 



Fig 3: A virtual actor and associated menu of 
actions 

The participant rehearses the operation by 
training in the scenario. He is immersed in the 
virtual world and may interact with it. This 
provides an “active” situation in which to learn to 
make the “shoot, no-shoot” decisions. If he 
shoots a hostage, the hostage will die. If he does 
not shoot the terrorists who are shooting at him, 
he will die. During a training session, the 
instructor can vary the factors that the trainee is 
faced with by redefining the scenario in which he 
is involved. Figure 4 shows the hostage rescue 
environment with the virtual hostages and 
terrorists. 

Fig. 4 Virtual hostages and terrorists 

5. MediSim: Battlefield Medic Trainer 

MediSim [Stansfield, Shawver and Sobel, 19981 
is a virtual reality-based system for training 
battlefield medics. MediSim immerses the 
medichinee in a high resolution synthetic 
environment consisting of a local terrain, the 
medic, and a virtual casualty. The focus of the 
prototype system is to train the primary 
assessment, which is the first step of individual 
triage. The initial wound type is a tension 
pneumothorax: a chest wound resulting in a 
compression of the lung which prevents the 
casualty from breathing. The wound can be 
quickly fatal if not treated. The trainee must 
carry out the primary assessment, reach a 
diagnosis, and perform an intervention (in the 
case of tension pneumothorax, this consists of a 
needle aspiration which relieves the pressure on 
the lung and permits the casualty to breath.) The 
goal is to stabilize the casualty for evacuation to 
a field hospital where he will receive full 
treatment. The simulation itself consists of 
several components. 

The medic Avatar (as described in Section 3 
above) is semi-autonomous and permits the 
trainee to manipulate virtual objects and 
medical instruments by assisting him with 
fine manipulation tasks (e.g. reach vs. 

The virtual objects are also intelligent and, 
along with the avatar, permit the trainee to 
act upon his environment. The objects have 
a knowledge of their position, function, and 
usage. For example the virtual needle knows 
when it has been grasped and changes its 
state; when it is moved to the appropriate 
place on the casualty, it docks; when the 
plunger is engaged, it invokes the 
appropriate animation and undocks; it then 
sends a message to the casualty model that a 
needle aspiration has occurred. 
The virtual casualty was implemented by the 
University of Pennsylvania and is modeled 
using their Jack@ virtual human and parallel 
transition networks [Chi, Clarke, Webber, 
and Badler, 19961 [Chi, et al. 19961. The 
virtual casualty realistically manifests the 
symptoms of the wound being modeled as 
well as the changes brought about by the 
intervention of the medic. The system 
provides feedback to the user on the state of 
the casualty and on the status of the 
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procedure being performed. The trainee 
interacts with the system via direct 
manipulation of objects and spoken 
commands. Figure 5 shows the medic avatar 
and the virtual casualty with a chest wound 
resulting in a tension pneumothorax. 

Figure 5:  Medic Avatar and virtual casualty 

6. Extensions: DIS and Virtual Prototvpinq 

Two additional capabilities were briefly explored 
for the MediSim project. The first was the 
integration of the high fidelity MediSim trainer 
into the larger, but lower fidelity, DIS simulation 
environment used by the military for training 
large-scale actions. The second was to show a 
proof-of-concept demonstration utilizing the 
simulation environment to explore the use of 
prototype medical devices before a functioning 
real-world device is built. [Satava and Jones, 
19971 discuss the potential benefits of both of 
these capabilities in training the battlefield 
medic. 

6.1 Integration into the digital battlefield 

The reasons for incorporating the high fidelity 
MediSim trainer into the larger DIS simulation 
environment are two-fold. First, it is important 
that the medic be exposed to the larger action in 
which he will carry out his duties -- this 
environment will produce additional stressors for 
the trainee (e.g. sniper fire or munitions 
exploding while the medic is triaging casualties.) 
Since decision making is different under such 
stressful conditions, it is important in training 
situation awareness that the trainee be a part of 
this larger battlefield environment. The second 

reason for incorporating the medic into the 
digital battlefield is to demonstrate the very real 
impact on the squad of the wounded soldier and 
the dedication of resources to his care. 

Because the current DIS protocols do not support 
the high fidelity required by the MediSim trainer, 
the integration was carried out as a transitioning 
of the medichinee  between the two simulation 
environments. The chosen scenario had the 
medic as part of a five man fire team whose task 
was to clear a nearby building. The mission 
begins within the DIS environment, where all 
soldiers, including the medic, are computer 
generated forces (the medic is “slaved” to his 
CGF proxy avatar). DIS packets provide the 
communication mechanism. As the team 
proceeds, a sniper wounds one of the team 
members and the medic must attend to him. As 
the medidtrainee begins treatment, he issues a 
vocal command to “begin patient treatment”. At 
this point, he is transitioned to the high fidelity 
MediSim environment where he is presented with 
the virtual casualty. Within this environment, he 
may carry out the primary assessment and the 
intervention required to stabilize the patient. The 
rest of the DIS participants, however, do not 
need to be presented with such fine detail -- all 
they really need to be aware of is that a man is 
down, that the team is halted, and that the medic 
is working. This is accomplished by sending out 
packets indicating the “frozen” position and 
posture of the team members within the DIS 
environment. Once the medic has completed his 
task, he issues a vocal command to “evacuate 
patient” and is transitioned back into the DIS 
environment, where the patient is evacuated by 
helicopter and the team is freed to continue its 
mission. This limited demonstration shows how 
a high fidelity trainer, such as MediSim, might be 
incorporated into a large theater of war 
simulation. The DIS components of the above 
scenario were developed by the University of 
Central Florida, Institute for Simulation and 
Training, using their Computer Generated Forces 
Model [Reece and Kelly, 19961. The DIS 
environment was displayed using the Naval 
Postgraduate School’s NPSNet software 
[Macedonia, et al., 19941. Figure 6 shows the 
CGF team, including the medic and wounded 
soldier, within the DIS environment. 



Figure 6: D E  medic and casualty 

emergency response and nonproliferation. 
MediSim, for example, will be further developed 
to provide a trainer for emergency response to a 
biological terrorist event. The system will 
contain multiple casualties with a variety of 
injuries, both conventional and due to exposure 
to a BW agent. Agent transport models will be 
incorporated to accurately simulate agent 
contamination, and the additional tasks of 
decontamination and sensor placement will be 
trained. Figure 8 shows the Avatar wearing 
protective CBW MOPP gear. In addition, the 
ability to access multimedia information from the 
virtual model is being developed as part of a 
mission rehearsal system. 

6.2 Virtual Prototyping 

A second extension of MediSim intended to 
show proof-of-concept was the integration of 
simulated prototype devices. Simple models of 
the Personal Status Monitor (PSM), a device that 
presents the location and status of each team 
member to the medic, and of the LSTAT, or 
trauma pod, were incorporated into the MediSim 
scenario to show how they might be used by the 
medic on the battlefield. Figure 7 shows the 
model of the trauma pod, an instrumented 
stretcher intended to maintain the stabilized 
patient and to telemeter his status back to the 
field hospital in preparation for his arrival. 

Figure 8: MOPP gear avatar 
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Figure 7: Trauma pod 
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