
Abstract — An analysis of the user needs and desired system 
functionalities for firefighters concerning localization and 
automatic map-building technologies have been performed in 
cooperation with fire and rescue services in Sweden. Robust 
indoor localization and mapping systems are expected to improve 
the safety and efficiency of firefighters, in particular for those 
performing smoke diving operations. Depending on the tasks to 
be performed by the firefighters, they have different information 
requirements. The desired system functionalities include various 
alarms, navigation guidance, and situational awareness. 

I. INTRODUCTION 

Firefighters performing smoke diving operations (Breathing 
Apparatus – BA – firefighters) often experience difficult 
conditions; the heat in combination with the weight of the 
personal protection equipment and water hose may cause 
fatigue. Exhaustion combined with the high stress levels 
typically experienced in strenuous operations performed in 
smoke-filled dark environments seriously increases the risk 
that the firefighters lose their orientation. In these situations, 
there is an apparent risk that the BA firefighters get separated 
from each other or from the water hose. Under these 
circumstances it may become difficult for the firefighters to 
find their way out which may have fatal consequences. Also, 
they may unintentionally describe their movements 
inaccurately, making it difficult to find and extract firefighters 
in distress. Hence, it is conceivable that a robust firefighter 
localization system, combined with automatic mapping 
capability, has the potential to improve the safety of 
firefighters. Therefore, an initial analysis has been performed 
concerning risk factors and environments, risk scenarios, user 
needs and desired system functionalities. 

II. SUMMARY OF USER NEEDS AND DESIRED SYSTEM 

FUNCTIONALITIES 

The information needs for firefighters depend on their roles 
and tasks. BA firefighters typically need very accurate 
information about their own positions and the positions of 
nearby personnel on a simple, intuitive map. This information 
is primarily used to provide navigation guidance and various 
alarm functionalities, which are important to improve their 
safety. BA leaders, as well as replacement and emergency 
rescue teams standing by, also desire more detailed 
information concerning for instance the building layout and of 
areas being searched. BA leaders need help with keeping track 
of the positions of the firefighters. Sector leaders basically 
require the same information as the smoke diving leader; 
however, they also need more general information such as the 
tasks and progress in other sectors. An incident commander 
needs information that can improve their ability to coordinate 

the work at the incident site.  
The user needs and desired system functionalities are 

summarized in Table I.   

TABLE I.  USER NEEDS AND DESIRED SYSTEM FUNCTIONALITIES.  

 Desired functionality User need 
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Separation between firefighters Prevent firefighters from 
getting lost Distance to water hose  

Lack of movement 
Notify if firefighter 
becomes incapacitated 
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Distance/direction to firefighter 
partner and/or water hose 

Prevent firefighters from 
getting lost 

Route guidance to firefighters 
in distress 

Rapid extraction of injured 
firefighters 

Route guidance to area of 
operations 

Rapid firefighter 
replacement  

Route guidance to exit Rapid, safe extraction  
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Show rooms already searched Prevent unnecessary search 
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 BA firefighter positions on a 
building layout 

Help keep track of 
positions of firefighters 

Show rooms already searched 
Prevent unnecessary 
search, planning aid 
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Firefighters positions on a 
building layout, possibility to 
focus on own sector in BA op’s 

Help keep track of 
positions of firefighters on 
scene 

Show rooms already searched 
Prevent unnecessary 
search, planning aid 

Information on fire, building 
layout/exits, dangerous goods, 
sectors and tasks, risks 

Provide means to 
understand situation,  
enable rapid coordination 
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Firefighters inside area which is 
under evacuation 

Accountability, firefighters 
has evacuated from the 
dangerous areas  
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Information on building layout, 
dangerous goods, escape 
routes, fire information, the 
defined sectors and their 
responsibilities 

Provide means for incident 
commander, and units 
arriving later, to 
understand situation,  
enable rapid coordination 
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