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ABSTRACT 

 
Four monocular Head-Mounted Display (HMD) prototypes from the Fire Information and Rescue Equipment (FIRE) 
project at UC Berkeley are presented.  The FIRE project aims to give firefighters a system of information technology 
tools for safer and more efficient firefighting in large buildings.  The paper begins by describing the FIRE project and its 
use of a custom wireless sensor network (WSN) called SmokeNet for personnel tracking.  The project aims to address 
urban/industrial firefighting procedures in need of improvement.  Two “user-needs” studies with the Chicago and 
Berkeley Fire Departments are briefly presented.  The FIRE project’s initial HMD prototype designs are then discussed 
with regard to feedback from the user-needs studies.  These prototypes are evaluated in their potential costs and benefits 
to firefighters and found to need improvement.  Next, some currently available commercial HMDs are reviewed and 
compared in their cost, performance, and potential for use by firefighters.  Feedback from the Berkeley Fire Department 
user-needs study, in which the initial prototypes were demonstrated, is compiled into a concept selection matrix for the 
next prototypes.  This matrix is used to evaluate a variety of HMDs, including some of the commercial units presented, 
and to select the best design options.  Finally, the current prototypes of the two best design options are presented and 
discussed.   
 

1.   INTRODUCTION 
 
1.1 Background 
Fires account for more deaths in the United States than all natural disasters combined.  Between 1992 and 2001, an 
average of 4,266 people died and 24,913 were injured due to fires, not including the 9/11 tragedy.  There are about 1.9 
million fires every year, and billions of dollars lost in property damage.  The World Trade Center attack itself cost New 
York City $33.4 billion in property damage1, and over 2800 lives, 350 of whom were firefighters2.  Research is needed to 
create preventative, reactive, and assistive firefighting systems.  The McKinsey Report following 9/11 is just one Case 
Study arguing for more effective rescue operations.  
 
The 9-11 incident brought new incentive and focus to communications and rescue in fires and other emergency response 
needs.  Shortly after 9-11, Richard Nowakowski, Director of the Office of Emergency Communications of Chicago, re-
evaluated the city’s emergency response needs, and concluded that all buildings over eight stories should produce digital 
floor plans as a basic information and communication tool for fire rescue teams.  Researchers from Professor Paul 
Wright’s lab at UC Berkeley visited the Chicago Fire Department (CFD) to gather more information for the project.  
Over 50 firefighters and three fire chiefs were interviewed about firefighting tactics, procedures, and their thoughts on 
what they would want in an information delivering Head-Mounted Display (HMD)3.  The trip spawned the Fire 
Information and Rescue Equipment (FIRE) project at the Berkeley Manufacturing Institute (BMI).   
 
The FIRE team conducted further interviews with firefighters from the Berkeley Fire Department4.  The findings of all 
the interviews were then reviewed.  It was found that firefighters must often make a best guess of where the fire started 
and where it is traveling in a building by determining which alarm activated first (if possible), looking for smoke issuing 
from windows, and by word of mouth from building occupants.  From this information, they then guess where the safest 
and most effective place to enter the building is.  Further adding to the guesswork, they do not have maps with them 
when they are in a building.  This is because paper floor plans are impossible to carry and read while trying to fight a fire 
and rescue victims.  Instead, firefighters may navigate by unreeling a rope as they go, tying knots to mark important 
locations, or marking doors with large crayons.  When the smoke becomes thick, the “left-hand rule” is used: they drag 
their left had along the wall so as not to become disoriented.  Thermal cameras, when available, are also used to navigate 
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