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Abstract 
We are developing simulations of the National Institute of Standards and Technology (NIST) 
Reference Test Facilit y for Autonomous Mobile Robots (Urban Search and Rescue) in order to 
develop and test our strategies for Robots-Agents-People (RAP) team coordination and control. 
The NIST USAR Test Facilit y is a standardized disaster environment consisting of three scenarios 
of progressive diff iculty: Yellow, Orange, and Red arenas. The USAR task focuses on robot 
behaviors, and physical interaction with standardized but disorderly rubble fill ed environments. As 
part of our research effort we are constructing and permanently housing a physical repli ca of the 
Orange arena at Carnegie Mellon University.  A simulation of the Orange arena was constructed 
first in order to allow comparisons between simulated and real environments as soon as 
construction of the physical Orange Arena is completed.   We hope to use the simulations to 
provide a testbed in which to evaluate rapidly prototyped interfaces and control strategies prior to 
the construction and testing of physical robots. This paper describes our simulation approach 
based on the use of the Unreal game engine to provide graphics and physics and simpli fied CAD 
models textured from digital photographs to model the environment.  
 

1 Introduction 
 
Large-scale coordination tasks in hazardous, uncertain, and time stressed environments are 
becoming increasingly important. In such domains, e.g. rescue operations in natural and man-
made disasters, de-mining, environmental cleanup, civili an and military crisis response, different 
organizations such as fire fighters, poli ce, and medical assistance come together to cooperate to 
save li ves, protect structural infrastructure and property and evacuate victims to safety. In such 
environments, human rescuers must make quick decisions under stress, and possibly risk their 
li ves. They must have timely and accurate information on the status of the environment, expected 
arrival times for additional resources (e.g. medical supplies), and they must coordinate resource 
allocation and other rescue activities. One solution that addresses the limitations of current manual 
operations is to introduce enhanced automation that can address the challenges of time stressed, 
uncertain, dangerous and evolving environments.  
 
To address these challenges requires fundamental research advances in the design of distributed 
systems that would effectively coordinate with dispersed humans. Our research is founded on 
three key advances/technical ideas. First, we propose Hybrid Teams of Robots, autonomous 
Agents, and People (RAPs) consisting of large number of entities that are distributed in space, 
time, capabilit y, and role. Second, we move away from the traditional human-controlled design of 
automation, where automated systems are subordinate to their human controllers who give them 
their goals and tasks and manage task execution. Instead, we advocate a cooperative control 



(adjustable autonomy) paradigm where current notions of organizational control and system 
interactions are extended based on adaptive sharing. The various members of RAP groups, be they 
human, robots or cyber-agents could share common goals, initiative for communication and 
action, responsibilit y for coherent group activity, information on the environment, mission, 
situation an help each other in overcoming barriers to achievement of common goals. Third, we 
recognize that ad hoc interoperabilit y across different agents, teams and organizations that are 
brought together “as is” , and co-adaptation to each other is key in addressing the challenges 
present in such large-scale, uncertain coordination domains.  
 
Because our research involves the study of coordination of both simulated and real robots it is 
essential that we develop robust reference tasks to guide and evaluate our research. To promote the 
generalit y and openness we have chosen the NIST Reference Test Facilit y for Autonomous 
Mobile Robots (Urban Search and Rescue) (Jacoff, Messina & Evans, 2001) as the reference 
domain to develop and test our strategies for RAP team coordination and control. The NIST 
USAR Test Facilit y is a standardized disaster environment consisting of three scenarios: Yellow, 
Orange, and Red physical arenas of progressing diff iculty shown in Figure 1. The USAR task 
focuses on robot behaviors, and physical interaction with standardized but disorderly rubble fill ed 
environments. As part of our research effort we are constructing and permanently housing a 
physical repli ca of the Orange arena of the USAR Test Facilit y at Carnegie Mellon University to 
serve as a testbed for RAP research by ourselves and others. We have already completed a virtual 
version of the Orange Arena and untextured versions of the Yellow and Red Arenas.  The 
simulated arenas are intended to allow comparative studies, experiments controlli ng large numbers 
of simulated robots, and hardware in the loop simulations involving both the physical test facilit y 
and its simulation.  
 
 

 
Figure 1: Orange (near) and Yellow Arenas, NIST photograph 

2 Orange Arena Simulation 
 
Our initial simulation of the Orange Arena is keyed to teleoperation just as the initial robots to be 
deployed to the physical Orange Arena are to be teleoperated.  Subsequent simulator development 
will add: 1) non-imaging sensor models for sound, sonar, laser ranging, and heat sensing for use in 



inner loop autonomous control and alarms, 2) nonvisible spectra imagery simulating forward 
looking infrared (FLIR), or greenscale night vision cameras, 3) more exacting kinematic models 
relating locomotive capabiliti es to the environment.  While these advanced capabiliti es are 
essential to simulating semi-autonomous robots, high fidelit y simulation of a video feed and an 
interface for controlli ng locomotion and camera position are the crucial features for studying 
human-robot interaction for teleoperation. 
 
2.1 Simulation with Game Engines 
 
Developing simulations from scratch is an expensive and time consuming process.  The Robocup 
Rescue simulation (Kitano et al., 1999) begun following the Kobe earthquake and still under 
development identifies entities at the level of FireBrigades and AmbulanceTeams, treats the world 
as a planar graph, and remains predominately text-based.   Our initial simulation of the Orange 
Arena (much smaller area but at higher resolution), by contrast, was complete within two months 
after data collection and provides realtime interaction with a simulated video feed.  This dramatic 
discrepancy in development times and effort is due to the high qualit y tools and sophisticated 
infrastructure created by the commercial video/computer game industry.  Colli sion detection, 
Newtonian physics, lighting models, and state of the art interactive graphics all come as part of 
computer games that sell for under fifty dollars. 
  
 Because contemporary games are designed so that users can modify both the environment (level 
programming) and behavior (game programming) of the game, they make powerful, inexpensive 
tools (Lewis & Jacobson 2002) for researchers who need interactive 3D modeling and graphics.  
Epic Game’s Unreal 2003 game engine used in Unreal Tournament 2003 and America’s Army 
(Zyda et al., 2003) among other games is especiall y attractive because of the Gamebots (Kaminka 
et al., 2002) modification written to allow entities within the game to be controlled through 
standard TCP/IP sockets.  Using the Gamebots interface, data from within the simulation such as 
ranging data showing the robot’s distance from walls and objects can be read off the socket while 
commands are sent back to control the robot within the simulation.  Human control can range from 
a completely autonomous robot using ranging data to avoid walls to a teleoperated one that relays 
a high fidelit y view of its surroundings using the “spectate” function that attaches a viewpoint to a 
player (in this case the robot she is controlli ng).   Following this strategy we have simulated a 
teleoperated robot for which we can control locomotion in two degrees of freedom (following the 
terrain in the third) with separate control of pitch and yaw in the view to simulate a motorized 
camera. 
 
2.2 Data Collection 
 
A team of ten researchers visited the NIST USAR facilit y on November 1, 2002 to collect data and 
photographs for constructing simulations and identifying design requirements for robots to operate 
in these environments.  Data were collected on ill umination levels in the three arenas (Orange 
Arena shown in Figure 2), 80211.b radio reception, and typical arena materials were evaluated for 
reflectivity and detectabilit y by sensors.  Robot level views were video taped from a radio 
controlled platform in order to provide a comparison standard for developing the simulations and 
to provide an early indications of factors li kely to affect teleoperation in these environments.  
Extensive digital photographs were taken of the arenas both for additional documentation and for 
use as textures in the simulations to be developed. Simulation Construction 
 



Arena simulations were based on CAD models of the arenas provided by NIST.  These solid 
models which had been developed using ProEngineer software were simpli fied in ProEngineer,  
exported through Nugraf to 3D Studio Max which converted them to triangular meshes suitable for 
high frame rate animation, and then re-exported in Unreal Tournament format.  Textures selected 
from the collection of digital photographs were applied in the native Unreal editor to 

 
 
faithfull y reproduce patterns and colors of the arena's surfaces.  Finall y, model li ghting was 
adjusted to approximate the extreme (15:1) variations between open areas and shadows under the 
platform.  Special detail s including mirrors and orange safety fencing were handcrafted and 
applied to the model.  Figure 3 shows elevated views of the actual (left) and simulated (right) 
Orange Arena.  Robot level views are shown in Figure 4. 
 
2.3 Planned Research 
 
The initial research planned for the simulator will i nvolve teleoperation.  The first experiment 
scheduled to begin in late February 2003 will compare off-the- shelf controllers  including 
conventional and inertial joysticks, track ball s, game pads, and a 6 DOF SpaceOrb.   Participants 
will perform Fitts law, tracking (path following), and search (treasure hunt) tasks in either the 
desktop USAR simulation or a simulated Egyptian temple presented in the BNave (Lewis & 
Jacobson, 2002), a cave-li ke panoramic display.   Subsequent experiments are planned to evaluate 
teleoperation aiding strategies including simulated tethering, velocity dependent changes in FOV, 
and aids to situation awareness for conveying platform attitude and camera orientation. 

  

Figure 2: Ill umination levels in lux for Orange Arena 

 

Figure 3: Orange Arena NIST photograph on left, elevated view of simulation on right 

 



 
 

 
 

Figure 4: Robot level view of stairs on left, simulation view of stair area on right 
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