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Summary

Abstract
Smoke diving is when entering a building with dense 
smoke, either to save lives or to extinguish a fire. 
Smoke diving is one of the most dangerous work 
tasks that is allowed to perform in Sweden. Every 
smoke diving operation is another huge risk for the 
fire fighter since it is filled with unpredictable risks 
and dangers. 
On the other hand we have the victims in need of 
help from the smoke divers. Every year approximately 
100 people die in accidents related to fire.

This project investigates the possibilities of making 
these risks and dangers less unpredictable, creating a 
solution where the fire fighters are more prepared and 
ahead of the mission. 

The end result is ”Seek”, a holistic concept that identi-
fies people & dangers before the actual smoke dive. It 
therefor allows the rescue operation to be streamlined 
and planned to avoid the unnecessary risks that the 
rescue personnel expose themselves to today. This 
as well saves time for planning that normally would 
have been done on the emergency site

Thanks to the efficiency and the early overview that 
the concept offers, not only does it save time for plan-
ning but also reduces the time from accident until the 
victims located inside of the burning building can re-
ceive skilled care, increasing their chance of survival.

ABSTRACT

How can localization of people become 
faster in smoke diving operations? 
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To create a solution where people are located faster 
and through this better prepare the fire fighters.

PROJECT AIM 
What is the purpose?

Aim & goals
The aim and purpose of this project is to investigate 
and finally create a visionary solution on how to 
locate people faster in fire emergencies and through 
this prepare the fire fighters better for their smoke 
diving operations. My goal with this project is to 
explore the possibilities with a system where the fire 
fighters are well prepared for their smoke dive. By 
knowing the situation in as close detail as possible 
before approaching a smoke filled building I believe 
there is a greater possibility to save both the building, 
fire fighters and the people located inside of it.

Since the project is set to 9 weeks, I have to limit the 
amount of work for a representable end result. This 
project is going to be presented as a visionary solution 
on what a future concept could look like.  I will the-
refor not take costs of the real components in consi-
deration and will most likely take use of technology 
that not escpacially suit this kind of product in todays 
situation. 

The result will be presented as a physical model and 
interface. The final model will not contain any tech-
nically working components but will instead be pre-
sented to understand its three dimensional shape. The 
same goes for the interface part. 

By using the design process I will solve the problem 
and achieve the aim and goals that I have set up. 
I expect to present a physical modell, an interface, an 
academic visual report which describes my research, 
process and result. I will also be presenting my project 
during ”Design Talks” at Umeå Institute of Design. 

Limitations Expected result
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TIME PLAN

Study field, explore 
internet, literature. 
Collect important 
findings. 

Visit fire depar-
tement, observe, do-
cument, interview, 
understands work 
flow.

Visit fire depar-
tement, observe, 
document, inter-
view, understand 
workflow.

Sumarize visit, il-
lustrate flow charts. 
Research market/
technology.

Sumarize all visits & 
problem fields. 
Write reportV.9

V.10

V.12

V.11

V.13

23
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24
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24

25
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11
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25

26

5

12

19

26

27

6

13

20

27

Sumarize most 
important problems 
and  ”quotes” from 
interviews. Flow 
charts/personas.

Sumarize most 
important problems 
and  ”quotes” from 
interviews. Flow 
charts/personas.

Visit fire depar-
tement based on 
findings. Questions 
regarding specific 
problems

Visit fire departe-
ment, evaluate three 
concepts. Sketch.

Eventually change 
sketched concepts 
based on feedback. 
Sketch.

Eventually visit fire 
departement again 
to evaluate new 
concepts. Sketch.

Sketches/mock-
ups/foam models 
to develop form 
expression.

Sketches/mock-
ups/foam models 
to develop form 
expression.

Sketches/mock-
ups/foam models 
to develop form 
expression.

Sketches/mock-
ups/foam models 
to develop form 
expression.

Sketches/mock-
ups/foam models 
to develop form 
expression.

Sketches/mock-
ups/foam models 
to develop form 
expression. 
Write report

Sketches/mock-
ups/foam models 
to develop form 
expression. 
Write report

Function list for the 
new product. Rank 
the most important 
features.

Prepare workshop 
Write report

Prepare workshop 
Workshop, concept

RE
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CH
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AL

YZ
E

DE
VE
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P

Sum up workshop. 
Sketch on how the 
problems could be 
solved. Brainstorm.

Sketches/mock-
ups on how the 
problems could be 
solved. Brainstorm.

Sketches/mock-
ups on how the 
problems could be 
solved. Brainstorm.

Sketches/mock-ups 
on how the problems 
could be solved. 
Write report

RE
FIN

E

V.15

V.14

V.17

Visits

Tutoring

Check-points

V.16
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31 2

21 23
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22 24
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16
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Sketches/mock-
ups/foam models 
to develop form 
expression.

Sketches/mock-
ups/foam models 
to develop form 
expression.

Sketches/mock-
ups/foam models 
to develop form 
expression.

Sketches/mock-
ups/foam models 
to develop form 
expression.

Sketches/mock-
ups/foam models 
to develop form 
expression. CAD 
Write report.

CAD/detailing 
Model making

CAD/detailing 
Model making

Presentation 
Write report

Presentation 
Write report

Presentation 
Write report

Presentation 
Write report

Finish Presentation 
Finish Report

CAD/detailing 
Model making

CAD/detailing 
Model making

CAD/detailing 
Model making

CAD/detailing 
Model making

CAD/detailing 
Model making

CAD/detailing 
Model making

CAD/detailing 
Model making 
Write report

Finish CAD 
Finish Model 
Write report
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E
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-
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In 2012, 103 people died in a total 
of 90 fires. 66 of those were men 
and 37 were women.

In 2011, 43 out of 102 people who 
died were over 65 years of age. 

103 deaths 43 OLD People

In the year of 2012 a total of 
24500 injuries caused by fire were 
reported to insurance companies.

In 2013 90% of the fires in 
Sweden occured in homes. Both 
apartments and villas.

24500 Injuries

ACCIDENTS
CAUSED BY FIRE

BACKGROUND 

In the year of 2012 a total of 24500 injuries caused by 
fire were reported to insurance companies.

In the same year 103 people died in a total of 90 fires. 
66 of those were men and 37 were women. As in ear-
lier years the most common reason to these fires was 
smoking1. 

The majority of people who die in fires are in their own 
homes. Usually elderly people and those who live alo-
ne are exposed more than others. In 2011, 43 out of 
102 people who died were over 65 years of age. 
 
The most commonly affected areas where fires are fol-
lowed by death (90%) is in our own homes. 70% of the 
insurance companies reported fire related damages are 
connected to homes. 

In many of the cases, the people who died related to 
fires could not act by themselves. Either because of 
reduced mobility, illnesses or because of intoxication.2

The costs due to fires have changed drastically. From 
3.2 billion in 2003 to 4.5 billion SEK in 20113.

Injuries & deaths caused by fire

Fires in Sweden

1             http://www.brandskyddsforeningen.se/press/statistik/brandska-
destatistik_2012

2             https://www.msb.se/sv/Om-MSB/Nyheter-och-press/
Nyheter/Nyheter---Statistik/104-doda-i-brander-forra-aret/
3             Brandskadeåret 2011.pdf

80% in homes
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Smoke diving

Smoke diving is when entering a building with 
dense smoke inside, usually to save lives and/or to 
extinguish a fire. 

Smoke diving is ranked as the most physically 
demanding work in Sweden. It is also the most dang-
erous type of work that is allowed to perform.
The swedish work environment authority claims 
that smoke diving is such a dangerous part of a fire 
fighters work that they would prefer to change the law 
and completely proscribe it1. 

The fire fighters expose themselves to extreme physi-
cal risks in their everyday work, and especially when 
moke diving. Explosions, extreme heat, risk of falling 
because of bad sight, falling debris from buildings, 
sharp objects and heavy load are just some of the 
risks that the fire fighters are exposed to.  
 
Not only is smoke diving a big physical risk, but also 
a mentally exhausting activity. It is therefor of great 
importance that fire fighters follow certain standard 
routines when performing a risk assessment of an 
operation to avoid mistakes. Planning is the key to a 
successful and safe operation. 

Smoke diving in general
60% of all smoke diving operations are performed in 
house fires and in more than 30% of all house fires 
smoke diving is a part of the extinguishing process.

Approximately 17% of the yearly 18 000 actions 
related to fire are smoke diving operations2.

2            http://www.av.se/dokument/afs/afs2007_07.pdf1             http://da.se/2015/02/man-ska-inte-offra-liv-for-att-radda-liv/

Smoke diving is ranked as the most dangerous 
work allowed to perform in Sweden.

BACKGROUND 
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To perform a smoke dive, detailed planning is 
required to avoid any unnecessary risks.

Smoke diving

Smoke diving is always permormed in pairs. For the 
smoke divers own safety protective clothing is always 
used, as well as resparatory masks and jet nozzles. On 
the outside of the burning building where the smoke 
diving is performed there is a smoke dive leader who 
keeps constant contact with the smoke divers on the 
inside through radio communication. The smoke dive 
leaders work include to guide, be responsible and to 
coordinate the whole operation. On the outside there 
is also a rescue leader and a pump keeper who makes 
sure that the whole smoke diving team has a safe 
amount of water available throughout the operation.  

The safetygroup contains of two smoke divers who 
have the responsibily to secure that the retreat path 
is safe between the smoke diving group and the base 
point (the basepoints is where the operation starts 
and ends). They also have to make sure that it is easy 
for the smoke diving group to get their water hoses 
in the right position. In worst case scenarios there is 
an emergency group, it contains of one smoke dive 
leader and two smoke divers. The emergency group 
should always be prepared to help if an emergency 
occurs. The replacing pair is there to replace a smoke 
diver if needed, contains of two people.

How to perform a smoke dive?
When the rescue leader has reached the burning sce-
ne it is his responsibily to orientate the location and 
understand the situation. The leader ”reads” the buil-
ding and makes a risk assessment, this includes: study 
factors like object type, orientation plan, room divi-
sion, size of the object, how the fire spreads and un-
derstand the kind of fire gases. The leader also have to 
inform the smoke divers about where the base point is 
going to be located, where to approach the object, the 
aim and specific risks. The smoke diver leader always 
have to make sure that the radios are working properly 
and control everyones safety equipment aswell as his 
own, and be ready to assist the group. All these aspects 
also have to be clear to every smoke diver attending 
the operation1. 

Preparations before a smoke dive

1            http://cursnet.srv.se/lsc/kurser/prep_rainsats/pm/PM%2005%20
Brand%20-%20R%C3%B6kdykning/dokmapp/Fastst%C3%A4lld%20
utg%C3%A5va%20R%C3%B6kdykning%20CRS.PDF

BACKGROUND 
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Normal risk environment

Pump keeper

Rescue leader

Base point
Intrusion path

Smoke dive leader

Smoke diving pair

Smoke diving tasks

Consists of one smoke diving leader and two smoke 
divers that perform the smoke diving. 

Makes sure that the smoke diving team has a safe 
amount of water available throughout the operation.  

Responsible commander throughout the operation. 
Performs OBBO - Orientering/Bedömning/Beslut/
Order based on the location of the operation.

Two smoke divers, permorms the smoke diving.

Appointed by the smoke dive leader when on big 
smoke diving operations. Keeps record of the smoke 
divers work and their time inside the building.

Two smoke divers that secure the smoke diving pairs 
retreat path. Normally has the same smoke diving 
leader as the smoke diving pair.Leads the smoke diving operation. Keeps track of 

everyones air pressure, should never go lower than 
150 bar.

Leads the smoke diving operation in a high risk 
environment.

The point where the smoke diving operation starts & 
ends and where the smoke diving leader is normally 
located throughout the whole operation. 

Smoke diving group

Pump keeper

Rescue leader

Smoke diving pair

Smoke diver controller

Safety group

Smoke dive leader

Smoke diver commander

Basepoint

Gates, doors, balconies, windows and other ways the 
burning object is entered through.

In worst case scenarios there is an emergency group 
or in some cases ”replacement group”, it contains of 
one smoke dive leader and two smoke divers. The 
emergency group should always be prepared to help 
if an emergency occurs.

Intrusion path

Emergency group or replacement group
High risk environment force

Normal risk environment force

BACKGROUND 



2322

High risk environment

Pump keepers

Emergency group

Intrusion path

Smoke diving pair

Safety group

Smoke dive leader

Base point

Rescue leader

Risk environments

A normal risk environment is an environment 
that the rescue leader can’t  classify as a high risk 
environment.  This could for example be a fire in an 
apartement, a villa, a small workshop, office or shop. 

In a normal risk environment this is the force that has 
to be on site: 

A rescue leader
A smoke diver leader
Two smoke divers
A pump keeper

In a high risk environment this is the force that has 
to be on site:

A rescue leader 
A smoke diver commander
A smoke diver conroller
A smoke diver group (two smoke divers, one smoke 
diver leader)
A safety group (two smoke divers, normally has the 
same smoke diver leader as the smoke diving group)
An emergency group/replacement group (two smoke 
divers, one smoke diver leader)
Two pump keepers

High risk
If the rescue leader is uncertain when classifying what 
kind of risk environment the force is going to get 
themselves into he/she must always treat it as a high 
risk environment.

A high risk environment could be an area where the 
intrusion paths are long, the sight is very limited, the-
re is a risk that the retreat path could be blocked, it is 
very hard to orientate or a place that the rescue leader 
classify as a high risk because of other reasons.
Areas like big indusies or warehouses, attics & ba-
sements, big public rooms, long tunnels or ships are 
high risk environments as well. 

Normal risk

BACKGROUND 
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IS IT LIFE SAVING? AMBULANCE ON SITE/ON THEIR WAY?

RISK OF COLLAPSING? IS IT A HIGH-risk environment?

ARE THERE ANY PRESSURE VESSELS? are there any hidden spaces?

ENOUGH RESOURCES? could it be a violent fire?

IS THERE ANYTHING TO SAVE?

AVOID SMOKE DIVING

CONSIDER OTHER ALTERNATIVES

SMOKE DIVing is an option

YES YES

YES

YES

YES

YES

YES

YES

YES

no

no

no

no

no

no

no

no

no

Risk assessment

A risk estimation must always be done by the rescue 
leader before anyone enters the burning object. The 
estimations must be based on the whole condition of 
the current situation to be able to plan and organize 
the work. If the risks are estimated as to hard to 
handle at that current time and force other alternati-
ves than smoke diving must be considered. 
A smoke dive is only allowed to be performed when 
a risk estimation is done, the force is strong enough 
and a control of the breathing equipment is done.

If there is no people on the inside, is it possible to 
save the building at least? Is it worth to expose the 
smoke divers based on what could be saved? If unsu-
re, exterior fire extinction should be performed.

For the fire fighters own safety it is very important 
that healthcare professionals are available. If they are 
not on site the rescue leader has to clearify that they 
are on their way.

Industries, warehouses, lofts, basements, public 
facilities, culverts, hidden spaces or confirmed as a 
high-risk environment by the rescue leader. 

Are there any hidden spaces such as wardrobes, lofts 
or other hidden spaces where the fire could have 
spread?

It is of great importance to identify where in the pro-
cess the fire is at the moment. Also estimating how 
the fire will evolve before starting a smoke is crucial1.

Estimating risks

Is there anything to save?

Is the ambulance on site or on their way?

High-risk environments

Hidden spaces

Violent fire

Is there any people on the inside? If yes, is it possible 
to save them?

For how long has the fire been active? How is the 
building constructed?

Could there be any gas cylinders on the inside? Diffe-
rent pressure vessels means different risks. 

Is it possible to perform a smoke dive based on the 
force and equipment available on site? How is the 
operation going to evolve? Is there enough resources 
based on the demand?

Life-saving

Risk of collapse

Pressure vessels

ResourcesAs explained, smoke diving is only performed if 
the circumstances really require it. It is a dangerous 
alternative and a lot of planning is required to take 
the decision to actually performing it.

1            http://www.av.se/dokument/afs/afs2007_07.pdf

BACKGROUND check
list
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7. Nozzle & hose

1. Gas mask 2. Fireproof clothing 3. Helmet

8. Thermal camera 9. Communication equipment

4. Smoke diver light 5. SCBA - Self contained breathing apparatus 6. Inactivity alarm

Nozzle distributes water from the hose. The hose also 
helps the smoke divers to find their way back out from 
the burning object.

The main technical tool. Enables visibility through 
dense smoke. Makes it easier to identify people and 
fires. 

Radio communication between smoke diver leader 
and smoke diving pairs is crucial. If communication 
is broken, the operation must interrupt. Normally the 
smoke diving pair shares information with the smoke 
dive leader. The remaining fire fighters only listen to 
the conversation.

Nozzle & hose

Thermal camera

Communication equipment

Fire fighter equipment

Todays fire fighting equipment is constantly evolving. 
To get a clear overview of the most commonly used 
things when smoke diving, here is a list and pictures  
of frequenly used equipment with explanations on 
what they are used for.

Breathing apparatus with full face mask allows brea-
thing and protection from hazardous fumes and smo-
ke.

Withstands very high temperatures, heatproof. Should 
be clean from dirt and other stuff that can worsen the 
protecting effect and spread unhealthy particles.  

Firefighters wear helmets to protect them from heat, 
cinders and falling objects.

To provide a better overview in dark environments. 
Easily mounted onto gear.

Provides breathable air in a dangerous to life atmosp-
here. Breathable mask is often connected to it.

Mounted on the smoke divers gear. If smoke diver 
don’t show any kind of movement during the past 30 
seconds, the smoke diving team is alarmed about this. 
To easily help with locating the inactive smoke diver it 
gives away sound and light signals.

Todays equipment

Gas mask

Fireproof clothing

Helmet

Smoke diver light

SCBA - Self contained breathing apparatus

Inactivity alarm

BACKGROUND 
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Name: Peter Helge
Profession: Operations manager

VISIT & INTERVIEW

...”A frequent problem when smoke diving is how the 
flash lights work and are used. Either it swings around 
when mounted on jacket. While mounted on helmet it 
might instead blind the other smoke diver when com-
municating with him/her”...

...”It is very hard to get people out from the burning 
buildings, there is no tool to get people out easier. We 
have to carry or drag people out, which is very exhaus-
ting work”...

...”When preparing the smoke dive there is the pos-
sibility to listen to the dialogue between SOS and the 
person who alarmed them. A common problem with 
this is that the person calling might be stressed and 
is missing out or giving out wrong information about 
the situation”...
 
...”The person who alarms SOS can’t always give eno-
ugh information for various reasons. We have to trust 
that the person gives us the right information, its up to 
him/her to provide it”...
 
...”We will not know anything about how many people 
there are left inside the building unless the alarming 
person can inform us about it”...

Peter Helge, operations manager, Västervik

Peter Helge is the operations manager for the fire figh-
ter departement in Västervik. Peter is 46 years old. Pe-
ter started out in 1992 as a part-time fire fighter and 
since 1998 he has been working as a full time fire figh-
ter. Because of his many years of experience Peter was 
the right person to talk to. 

When I visited Peter in Västervik he showed me 
around their fire departement. I got to know all the 
equipment fire fighters use when smoke diving and 
how their everyday working environment looks.

What I found most interesting connected to this pro-
ject was their GPS-computer in the fire truck. This 
helped the fire fighters find the exact location of fire, 
and also sometimes a floor plan of the building so that 
they would know before how the rooms in a building 
are divided.

The heat camera is one of the most common tools 
used while smoke diving, it helps the fire fighters see 
through dense smoke, identify the fire and people.

Peter Helge, operations manager
Every second is valuable. Peter showed me an example 
of an apartement fire on a balcony. The person who 
called SOS took a photo of the situation. A half minute 
later while talking to SOS the whole upper part of the 
building was burning. 
 
It is hard to know how the situation on site is evolving, 
you have to rely on the alarming person.
 
No information about how many people could be 
located inside the building.

ConclusionProblems & findings
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Name: Eje Fällman
Profession: Fire fighter

...”Everything is about routines, when we get into our 
fire truck, everyone knows what to do. The prepara-
tions to enter a burning object is done very fast. If we 
could use the rest of the time when driving to the loca-
tion to actually gain more info than only the informa-
tion from the alarming victim, we would save a lot of 
time on site”...

...”The only part of information that we get before 
entering the truck is the location adress and a map 
showing where the adress is”...

...”We should be on site in less than 10 minutes from 
the second that we get the emergency call. Sometimes 
we have to drive to places as far as 70 km away from 
the fire departement, this takes about 45 minutes. 
In those cases it is of great importance to directly be 
ready to operate when arriving on site”...

...”We have part-time fire fighters who are located 
closer to certain locations. Those have to leave their 
every-day work and be at their part-time fire departe-
ments in a maximum of 5 minutes. The problem here 
is that most of them aren’t allowed to do smoke diving, 
they have to extinguish the fire from the outside until 
we arrive”... 

...”If the situation requires life-saving, we have to go in 
there, and we can’t know exactly what is about to hap-
pen. It is a great risk, but as always, safety goes first”...

...”Sometimes we send away one person to reach loca-
tion faster than us. This is to gain as much information 
live on site as possible before we arrive with our truck, 
this saves some time, but it is not enough”...

Eje Fällman, fire fighter, Umeå

Eje Fällman is a fire fighter working for ”Brandförsvar 
och säkerhet” in Umeå. Eje is 49 years old and has 
been working as a fire fighter in Umeå for 29 years, 
this means that he has a lot of experience in the field of 
fire fighting and has experienced a lot of smoke diving 
operations.

Eje gave me more understanding of the routines when 
preparing a smoke diving operation, this will be expla-
ined in detail further on. 

Eje Fällman, fire fighter
If more information could be gained, for example 
when driving to the location of fire, a lot of time would 
be saved on site.

Sometimes it takes a lot of time to reach the location 
of fire, could more be done about the situation before 
reaching the site? 

Smoke diving is a very dangerous part of a fire fighters 
job. It is hard to know exactly what is going on insi-
de of the building before you have actually entered it. 
Could more information be told?

ConclusionProblems & findings

VISIT & INTERVIEW
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Name: Robert Gustavsson
Profession: Fire fighter

Robert Gustavsson, fire fighter, Umeå

...”When the alarm goes off, the only thing we know 
about is the location of fire”...

...”Especially when going to places only minutes away 
the information from SOS can be delayed quite much  
so that we do not know anything before we have 
reached the location of fire”...

...”It happens that we sit in the truck and do not know 
anything about what is happening on site”...

...”The computer in our truck is mostly used as a GPS 
to find the right location, if we want to get a floor plan 
our smoke diver commander could reach them from 
our computers in the fire departement and report us 
about how it looks. It would have been much easier if 
we could get those in a tablet in the truck”...

...”It could be good to know how big the burning ob-
ject is and what materials it is constructed with”...

...”A tool helping us with preparatory information like 
mentioned earlier would be very helpful for our res-
cue leader to both plan and to estimate risks better etc, 
both before the operation and throughout the opera-
tion”...

Problems & findings
Robert Gustavsson is a fire fighter working for ”Brand-
försvar och säkerhet” in Umeå. Robert is 33 years old 
and has been working as a fire fighter in Umeå since 
2003, in 2006 he got hired as a full-time fire fighter. 
Robert has a broad experience as a fire fighter with his 
13 years in the field.

I did an interview with Robert to gain information 
about his personal experiences with smoke diving and 
how well he believes the routines and planning work 
at the fire departement.

Robert Gustavsson, fire fighter
If information could be achieved faster, lives could be 
saved faster too. 

The truck is a place where planning and preparing 
could be much more thought through in detail.

There is clearly a need for a solution that can inform 
the rescue leader (primary) more about the situation, 
both before reaching destination but also during the 
operation on site.

Conclusion

VISIT & INTERVIEW
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Name: Christer Björkman
Profession: Branch head, prevention

Christer Björkman, Branch head, prevention, Umeå

...”Umeå municipaliy has floor plans, we have acces-
sibility to them. They are not possible to reach on site 
for smoke divers and others involved in the operation 
to take part of easily. We can access them from our 
computers in the command & control center in the fire 
departement, but that is not very flexible”...’

...”A problem with reaching the floor plans is that not 
all of them are available to reach digitally from the 
municipality register, this could be because they are 
old and only stored physically.

...”People also tend to change spaces without a buil-
ding permit, this changes the actual floor plan without 
getting the digital floor plan updated”...

...”Our computers in the trucks are continously upda-
ted with floor plans at some of the adresses, those are 
marked with an information symbol. Though many of 
the floor plans are missing and it takes a lot of time to 
get all of them into the system”...

...”Even if we have all the floor plans in our compu-
ters in the trucks, it will not get as flexible as we would 
wish that it could be”...

...” To identify where the fire is located today, there are 
only two methods, either to estimate that the fire was 
located very close to where the alarm went off or to 
simply send in the smoke divers”...

Problems & findings
Christer Björkman has a lot of experience in issues 
regarding preparatory methods, and works on how 
these aspects continously could be improved.

I talked to Christer Björkman to gain more knowledge 
in how preparations before a smoke diving operation 
are made. He told me about methods that were under 
development but not yet fully in use because of techni-
cal issues and limitations in their functionality.

Christer Björkman, branch head, prevention
To know the risks,  where people are located, construc-
tion, floor plan etc is important information that 
would be very valuable to know as early as possible.

An effective and flexible way of sharing as much infor-
mation as possible regarding what is happening on site 
is very important when planning tactics and operation 
structure in general.

There are aleady some ways to gain some information 
about the object, such as floor plan, the system is not 
used by many because of its limitations in flexibility 
and technical issues.

Conclusion

VISIT & INTERVIEW
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No.1 full-time

No.2 part-time

No.3 part-time

OBSERVATION
Search & rescue practice

Search & rescue no.2, part-time fire fighters

In some cases the fire fighters have to crawl because of 
extreme heat and dense smoke. In this case they chose 
to crawl although it wasn’t that hot, it was only time 
consuming to do that. 
The communication is not as good as between the 
full-time fire fighters, a lot of information about what 
is going on is left out. This might be because these pe-
ople never met each other before and that this is the 
first time that they smoke dive together. 
It is hard to keep track of the reference room, which 
in most cases is the first room the smoke divers enter. 
If the reference room is lost, it might get very hard to 
understand where in the building you are and to find 
your way back out if smoke diving without the hose.

Search & rescue no.3, part-time fire fighters

A very important detail that the part-time fire fighters 
forgot to do was to close the doors after them in the 
rooms that they had searched through. This method 
is very common to use to understand where they have 
already been.
What they also tend to forgot was to keep following 
their right hand against the wall and enter every door 
that they passed by. If they instead skip a door (which 
they did in this case) to keep orientating through the 
whole room they might have a hard time to find it later 
again. If they just enter every door they get in contact 
with, they will also get back into the reference room 
again. And to mark of that room, they should simply 
close the door.

Search & rescue no.1, full-time fire fighters

It is very heavy work, the temperature is high, the 
clothes are thick and the equipment is really heavy.
It is hard to keep track of where you are located in the 
building when it is as dark as this, the fire fighters must 
always be 100% sure that every spot has been searched 
through. In this case, one of the dolls were left inside.

I got the opportunity to join part-time and full-time 
fire fighters from the outskirts of Umeå and from 
Umeå on three search & rescue practice operations. 
The objective was to enter a pitch-black apartement 
with five rooms in total. The apartement was heated 
up to 70°C, normally when smoke diving the tempe-
rature could be more than 300°C. In the apartement 
there could be between 3-5 people located in any of 
the dark rooms. There was no information about the 
apartement size or room division in this case.
It was of great importance to get them all out and to 
search through the whole apartment systematically.
Unfortunately the mission only involved two smoke 
divers and no smoke diver leader, rescue leader or 
pump keeper.
Instead it gave me good insight in how an apartement 
is searched throught, what methods the fire figh-
ters use, and how important it is to be structured, to 
constantly communicate and keep the dialouge going.

Search & rescue in apartement
Structure is the key to a 100% performed smoke dive. 
In some cases it can be very hard to understand where 
you are located.

The communication between the part-time fire figh-
ters is sometimes poor. It is important that everyone 
is on the same path and that everyone agrees what is 
searched through and not.

It is hard to remember which parts of the building that 
have been searched through or not. A way to remem-
ber is to close the door of every room that has been 
checked off, which unfortunately could be hard to 
remember. 

Conclusion

Problems & findings
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Reference room

Base point
Setting a reference room

Follow your right hand

Large rooms

Systematic, right hand

Faster search with IR

Large rooms require two groups

Heat camera search

SEARCHING ROOMS
How to search through buildings today

When the reference room is set the smoke divers have 
to follow either their right hand, or their left hand 
against the wall to keep track of where they are and 
to systematically search through the building. Every 
door that the smoke divers touch with (in this case) 
their right hand has to be entered. When that room 
is clear they have to close the door to remember that 
they have already been there. They get back into the 
reference room again, and keep following their right 
hand to find the next room to search through.

Instead of following their right hand, fire fighters can 
in large rooms where the sight is really bad use ther-
mal cameras to get a better view of their environment.
This makes it possible to move away from the wall and 
instead of following every wall in the room illustrated, 
simply point the thermal camera on those spots.

As earlier mentioned when the operation site is classi-
fied as a high-risk environment, normally two smoke 
diving groups are required to search, one smoke di-
ving group and one safety group. In this case a very 
big room has to get searched through, a room like this 
might require that kind of force.

Before the actual searching of the building the fire 
fighters have to set a reference room to understand 
where they are located in relation to where they star-
ted the operation, which normally is the first room 
they enter.

Based on the obervations that I did in the fire depar-
tement, scenarios was created to easier explain how 
rooms in a house are searched through when filled 
with dense smoke today.
As seen in the pictures every room in a house has to be 
searched though in close detail and in a specific order 
to be sure that no one is left behind on the inside.  

Search & rescue in apartement Follow your right hand Thermal camera search

Large rooms

Setting a reference room
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The fire fighters 
runs to get them-

selves dressed

Location & type of 
fire is messaged by 
megaphone & screens

Emergency call 
rescue leader can 
join conversation

Everybody enters 
the fire truck

max 90 sec 0-45 MIN

info from victim will affect 
the whole operation. some-
times only adress is known

Smoke divers wait 
To reach location 

Location is 
reached

smoke divers gear 
up & prepare for an 
eventual smoke dive

Pump keeper Drives & rescue le-
ader collects information about 

burning object from victim

Radio communication 
& air pressure  of 
scba is controlled

If location is far 
away part-time fire 
fighters located clo-
ser arrive before to 
help extinguish fire.
Not always allowed 
to do smoke diving

Should be on 
their way in 

5 minutes

Rescue leader makes a 
risk estimation to plan 
and organize operation

Rescue leader Decides 
where to park truck 
for easiest access

Pump keeper sets a 
basepoint ordered 

from rescue leader.

PUmp keeper Sets up 
Smoke divers hose 
into right position.

Smoke diver leader informs smoke 
divers about bass: Baspunkt, an-

greppsvag, syfte, sarskilda risker.

Rescue leader makes OBBO: 
Orientering/Bedomning/

Beslut/Order

Rescue leader Decides 
if Normal risk or high 

risk environment.

P

Clarifies to smoke diving pair if 
they are smoke diving group, sa-
fety group, or emergency group.

Also checks smoke divers air 
pressure, gear, inactivity alarm 

& radio (Mostly done in car)

If possible, smoke divers 
should study construction, 
room division, fire gases etc.

Smoke divers localize 
entrance path

Smoke divers 
enter building

Path is chosen 
if possible

Different sight 
depending on 

smoke density

random
path

info from SOS and 
victims help find 
path to people

Good

BadHOT

COLD No sight

Temperature
Right hand on wall 
in, left hand out

Possible to 
move fast 

walk lo’

walk hi’

Hand on wall

localizing 
without hand on 
wall possible

FInds 
victim 

Evacuates 
victim

All victims 
foundFINISHED

FINISHED

Set refe-
rence room

ENTER DOOR TOUCHED 
WITH RIGHT HAND

Follow wall & search 
through every room until 
back in reference room

Close door of every 
room that has been 
searched through

All victims 
found

REPEAT
REPEAT

REPEAT

FInds 
victim 

Evacuates vic-
tim crawling

Evacuates vic-
tim Walking

Temperature
left hand on 

wall to get out

HOT

COLD

Radio with SDL

Since the phone conversation is made with an 
SOS-operator, the call is ongoing while the fire fighters 
gear up to save as much time as possible. If more in-
formation has to be shared about how the fire evolves, 
the victim can call back again. 

The whole procedure from the point that the fire de-
partment got the alarm to the point when they drive 
away with the fire truck, should not take more than 
90 seconds. 

While in the fire truck the smoke divers get themsel-
ves geared up with SCBA and gas masks. The pump 
keeper drives while the the rescue leader next to him 
keeps contact with SOS if there is any new important 
information to share. To easier find the location the 
truck is equipped with a GPS telling where to go.

While the rescue leader prepares as much information 
as possible, the smoke divers are prepared in the back-
seat waiting to get off the truck. Sometimes the distan-
ce between the fire departement and the burning ob-
ject could be very long. In Umeå the longest distance 
could be up to 70 kilometers, which could take up to 
45 minutes to reach. 

From emergency call to smoke dive

A flow chart was made to identify potentially interes-
ting areas to work further within. It is quite clear from 
the first look that a lot of time is consumed before the 
actual smoke dive, and the preparations on site take 
different amount of time depending on the informa-
tion recieved about the situation.

The information for this flow chart is collected from 
observations, videos and interviews & discussions 
with fire fighters at Umeå brandförsvar & säkerhet. 

An emergency always starts with an emergency call. 
SOS picks up the phone and listens to what the cal-
ling person has to say. The rescue leader can pick up 
the phone to listen to the conversation, if something is 
unclear or misunderstood, he/she can join the call and 
ask further questions about the situation.

Throughout the phone call information such as loca-
tion, adress and size of fire is shown as fast as an 
SOS-operator decides that it actually is an emergency 
call. It is shown on the screens in the fire departement 
together with an alarming sound and a voice telling 
the information out loud and clear. 

Flow chart

It all starts with a phone call

To avoid reaching the location after 45 minutes some 
part-time fire departements are located in the out-
skirts of Umeå. If a situation like this occur, part-time 
fire fighters could reach the destination faster than 
the actual fire departement. It should never take more 
than 5 minutes for them to leave work/home to be 
geared up and on their way. Part-time fire fighters are 
not always allowed to perform smoke diving if the si-
tuation would require that, because of various reasons 
like, the force is too small or doesn’t have the right 
education, they can only extinguish the fire from the 
outside while waiting for the fire departement from 
Umeå. 

When the location has been reached estimations are 
made by the rescue leader. He decides based on diffe-
rent factors from the check-list attached earlier in this 
document whether a smoke dive should be performed 
or not. All of this preparatory work takes different 
amount of time depending on the situation, the fire 
fighters must be totally sure that they don’t take to big 
risks. Basepoint, position of fire truck, equipment is 
controlled etc before the smoke dive actually can start. 
More detailed information about how the actual smo-
ke dive is performed is explained in the flow chart.

FLOW CHART



4544

Vision
2020

During Before 

Smoke dive Smoke dive

Portable

STATIONARY
(flexibility)

(time)

MARKET OPPORTUNITY
Competition products & vision

Today there are some products  and several concepts 
that help the fire fighters to identify different objects 
easier in emergency situations such as smoke diving 
operations. What they all have in common is that they 
offer easier identification of objects when the firefigh-
ters have reached the location of emergency. None of 
them offer the fire fighters information before their 
arrival, which is crucial to be able to prepare as much 
as possible as early as they can, and to be aware of the 
potential risks ahead of the mission.

Flir heat cameras are commonly used by fire fighters as 
a tool to see easier in dense smoke when smoke diving.
This product is a helping tool for the smoke divers 
while smoke diving, since it clears their sight very ef-
fectively. Although it leaves them with one hand occu-
pied and it has no function of telling anything about 
whats inside before reaching the location of fire. 

What is out there?

Flir heat cameras, product

C-thru, concept

SRS - see through radar system, concept

C-thru is a concept which aims to help the smoke di-
vers while operating in dense smoke. Instead of occu-
pying one of their hands to carry a heat camera those 
functions are moved to a heads up display built into 
the fire fighters helmet. This lets him/her operate more 
safely without focusing on touching the walls, looking 
into the heat cameras screen etc.
As with the concepts/products mentioned before this 
concept only offers an easier way of finding people in 
the moment of smoke diving and not before. 

Huginn is a product offering use in several different 
critical situations that are inaccessible to reach or 
high-risk areas. Huginn gives the operator real time 
feedback on the situation it has been sent to observe.
Huginn is a product that gives the oppotunity to ob-
serve and plan an operation at hand.
What differs huginn from my vision is that it does 
not have a specific focus on the fire fighters as target 
group, and does not offer a holistic system with the 
whole smoke diving team included. Also huginn 
comes with a quite static interface which has to be 
controlled from an external computer, which doesn’t 
make it very flexible to use.

SRS or see through radar system is a concept on how 
the fire fighters could faster identify people behind 
barriers in serious emergencies. Through this it should 
offer the smoke divers a safer working environment 
since it lets them plan the smoke dive without unne-
cessary risks. 
SRS is flexible when it comes to interacting with its 
interface since it comes with an external device that 
could be used anywhere, although its size and limi-
tation of searching through a building is limited to 
3 stories, this means that if the building is taller than 
that the only way to reach these hights is by the fire 
trucks crane.

Vision 2020
None of these products/concepts offer any prepara-
tory or planning function for the whole fire fighting 
force as focus. My vision is that the work on site 
should be as effective as possible and that the most 
crucial parts such as locating people and finding the 
source of ignition could be prepared and planned 
ahead of the mission. The end result should offer a 
holistic solution for the fire fighters with focus on 
their smoke diving operations. It should be a reliable, 
intuitive and preparatory tool for the fire fighters that 
doesn’t lock their flexibility as todays computers in 
their fire trucks does. Through these qualities it will 
both be safer for the fire fighters to do smoke diving 
and faster for the people in need to get rescued.

Huginn x1, product
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PROBLEM

FIELDS
hard to get floor plan flexible

obstacles, smoke, darkness, walls

blinding lights from smoke diver

hidden people

scared children hiding

lack of information early in the process

there is time to plan before, but is not 

no info about construction, risks, people etc

sometimes no floor plan is available

not flexibile computer system in truck

technical issues with finding floor plans

communication 

every situation is different

where are we?

where have we been?

lack of info from SOS

stressed victim/unclear info

hard to know how situation is evolving

have to rely on someone elses information

heavy load on body

extreme heat exposure

explosions

falling debris

sharp objects

every second counts

takes time to plan operation on site

a lot of waiting time in fire truck

distances could be very long

PREPARATIONS

STRUCtURE

i
INFORMATIONrISKS

Orientation

TIME

PROBLEM FIELDS
Problem findings based on interviews, obervations & visits 

To plan operation, tactics and make risk assessments 
on site is time consuming.
It can take a lot of time to reach the location of fire.
Every second counts in a life-saving situation.
A lot of time in fire truck is just waiting time.

Extreme heat exposure requires a lot of stamina.
Heavy load on body, all worn equipment together app-
roximately weighs 20kg, smoke divers are expected to 
be able to lift a person that weighs 100kg and bring 
tools with them. 
Sharp objects, debris and explosions are other com-
monly dangerous risks smoke divers are exposed to.

Hard to find people hiding in spaces where they can 
separate themselves from the smoke.
Children hide because they are scared, finding them 
could be hard.
Walls, darkness, obstacles, blinding lights from smoke 
diver companion and smoke are all things that make 
searching operations harder to perform. 
Floor plans are sometimes used to plan the operation, 
but are not used because of poor flexibilty and systems.

Good communication between smoke diver 1 & 2 is 
crucial, as well as with the fire fighters on the outside.
Every situation is unlike any other, standard routines 
are crucial in these cases. 
Sometimes it is very hard to know what have been se-
arched through in a building.
Not always easy to understand where smoke diver is 
located in relation to rest of building.

Often the information achieved from SOS based on 
conversation from victim is not enough to understand 
the situation in its whole.
Both SOS and the fire fighters have to rely on someone 
elses information when estimating the risks.
The victim might be stressed or knows to little about 
the situation to be able to share the right information.
Generally it is hard to get a good overview of the situ-
ation and how it is evolving.

Time Risks Preparations

Orientation

Structure
Information

Lack of important information early in the process.
No information before than the one from SOS about 
risks, contstruction, location of people etc. 
There is the possibilty to get a floor plan of the buil-
ding but it is complicated, has techinal issues and is 
not always available in the system.
More information could be gained in the fire truck, 
but as it looks today, is not.
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safetyTIME Information

If the time planning on site could 
be reduced and more controlled 
people could get saved faster, sin-
ce every second counts in a life 

threating situation.

It is very important that the work 
the fire fighters perform is planned 
as detailed as possible to avoid un-
necessary risks both to themselves 

as well as the people left inside. 

Lack of information is the reason 
to why smoke diving operations 
require a lot of preparations before 

the actual smoke dive can begin.

Main issues and areas of interest

To plan an operation, tactics and make risk assess-
ments on site is sometimes very time consuming if 
the information recieved from SOS is poor. If the time 
planning on site could be reduced and more control-
led people could get saved faster, since every second 
counts in a life threating situation.
Not only is it very time consuming to plan the opera-
tion, but especially to reach the location of emergency. 
In Umeå it can take up to 45 minutes to reach the right 
location, in a case like this it is very important to be 
ready to save lifes and extinguish the fire as fast as the 
location is reached.

Both the fire fighters and the people left in the building 
that expose themselves to the smoke are in very life 
critical situations. It is very important that the work 
the fire fighters perform is planned as detailed as pos-
sible to avoid unnecessary risks both to themselves as 
well as the people left inside. 
Therefor it is crucial to the fire fighters to be sure about 
the risks that they get themselves into. Every situation 
is different and unexpected, this makes it even more 
important to know the different risks in the different 
situations.

Time Safety Information
Lack of information is the reason to why smoke diving 
operations require a lot of preparations. The victim 
calling SOS might be stressed up, or only a person 
passing by the fire, alarming SOS about the situation, 
without knowing anything about the details. Especial-
ly in big operations, details such as amount of people 
inside, potential threats inside etc might be lacking.
There is clearly a need for a solution offering a clear 
overview of the situation early since the fire depar-
temnt today sometimes sends out one fire fighter fas-
ter than the others to collect information.

CHOSEN DIRECTIONmain
areas
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HOW?

What?

Who?

When?Where?

Why?

?

What? Who? When? Where? Why?

To plan and get as much information as possible about 
the situation. Most importantly is to identify where 
people are located, collect and share the information 
needed for a safely planned smoke diving operation.

It is crucial to be well prepared and ready for the situ-
ation on site. Primary as much information as possible 
is needed as fast as possible before the fire fighters have 
started their smoke dive and secondary to be updated 
about this information while smoke diving to be able 
to estimate risks also throughout the process.

The user is primary the rescue leader since he leads the 
whole operation and collects as much information as 
possible to then inform the smoke divers about. The fire truck is the place where the smoke divers 

prepare themselves for a smoke dive. This is also the 
place where they wait to reach the location of fire. The 
primary focus is to give the smoke divers as much in-
formation as early as possible, but also be able to offer 
a flexible solution that could work outside the truck.

What When Why

How...
Who

Where

To prepare the smoke divers in detail before a smoke 
dive. To make their smoke diving experience safer and 
to save people faster in serious fires.

FOCAL POINTS
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Final

PRODUCT

CONCEPT

Identifies

Informs

Service

Risks

Risks

Rooms

Rooms

Entrances

Entrances

Objects

Objects

Informs

Identifies

offer Informs rescue leader

Easy to transport in fire truck
Offers flexible handling

Easy to understand

WHAT

- Identify, localize & inform where people in emergen-
cy fires are located faster than today.

Main function

Product 

Support functions/features

The product should be The product could be

- Identify risks
- Identify objects
- Identify rooms
- Identify entrances
- Identify construction

- Informing rescue leader
- Connected to interface
- Expressing quality
- Resistant to water
- Easy to transport
- Resistant to heat
- Resistant to dirt
- Easy to use
- Flexible to use

- Informing smoke divers & smoke diver leader
- Affordable
- Easy to clean
- Made from renewable materials
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1st

2nd

2nd

2nd

2nd

Target group 

Normally in a smoke diving operation there is a rescue 
leader that communicates with SOS, collects and sha-
res all the information with his fire fighter colleagues. 
On site it is him who takes the important decisions 
such as where to park the truck for easy accessibility, 
intrusion paths, base points, risk estimations & OBBO. 
The final product would primary be a tool for him to 
use to get a better understanding of the big picture in a 
faster and safer way than today, to reduce the riks both 
for the fire fighters and the eventual people inside. 
Secondary it would be a tool to share information with 
his smoke diving colleagues for them to as effectively 
and planned perform the operation.

Target group

WHO
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Before
Smoke dive

WHEN
Before smoke dive 

If as much information as possible could be obtained 
before the actual smoke dive, the operation could be 
planned and streamlined in closer detail than it is to-
day. This would both make it faster and safer for the 
smoke divers to smoke dive. 
Having a product sharing information before the smo-
ke dive would also saves people faster since the fire 
fighters will know the exact position of them before 
entering, therefor be able to find them faster.

Before smoke dive
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Here?

WHERE
Context 

Since it is important to gain as much information as 
possible before the smoke dive it makes it logical that 
the product should be used on the way to the burning 
object or directly on site right before the smoke diving 
operation begins to as fast as possible identify if there 
is any people left inside the building. 
The product could also be something that already is 
installed in the environment where the fire has been 
detected, communicating directly with the fire figh-
ters.

Context
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To locate people as early as
Possible in smoke diving operations

”
”

? WHY
Purpose 

Purpose
The products that are available today and that fire 
fighters actually use in their smoke diving operations 
only offer the possibility to see better in dense smoke 
while smoke diving. This does not prepare them better 
in any way, neither lets them plan and streamline how 
to approach the localization of people as effectively as 
possible inside the burning object.
The purpose of my vision is to localize people as fast as 
possible, because every second is valuable in an emer-
gency like this, and to be able to save people faster is 
crucial in a situation which depends on life or death.
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optical smoke detector

ionization smoke detector

TECHNOLOGY
Smoke detector

There are two types of smoke detectors on todays 
market, optical smoke detectors and ionization smo-
ke detectors, these work in different ways. 
Smoke detectors are very sensitive to smoke particles. 
Since smoke rises towards the ceiling it is important 
that it is located as high as possible in the room to 
alarm in an early stage.1

Smoke detectors, functions
In June 2014, tests by the North Eastern Ohio Fire Pre-
vention Association (NEOFPA) on residential smoke 
alarms were broadcast on the ABC’s ’Good Morning 
America’ program. The NEOFPA tests showed ioni-
zation smoke alarms failing to activate in the early, 
smoldering stage of fire. The combination ionization/
photoelectric alarms failed to activate until an average 
of over 20 minutes after the stand-alone photoelectric 
smoke alarms. This vindicated the June 2006, official 
position of the Australasian Fire & Emergency Service 
Authorities Council (AFAC) and the October 2008, 
official position of the International Association of 
Fire Fighters (IAFF). Both AFAC and the IAFF re-
commend photoelectric smoke alarms. They do not 
recommend combination ionization/photoelectric 
smoke alarms.2
As many sources indicate, it seems like most agree that 
photoelectric (optic) work better than ionization smo-
ke detectors.

In an ionizing smoke detector the electrical resistance 
in the air on the inside of the smoke detectors detec-
tion ”chamber” is measured a couple of times every 
minute, this is normally indicated by a flashing light. 
There is a very small amount of a radio active material 
in the smoke detectors chambers air. This material hel-
ps the electric current to move through the air, which 
would not work otherwise. 
When small smoke particles in the air reach the detec-
tion chamber those create an imbalance, the electrical  
resistance in the air changes. This triggers an alarm to 
inform the owner of the building. 

Ionization smoke detector

Optical smoke detector
In a optical smoke detector there is a light sender(-
LED) and a light reciever (fotodiode) in the detection 
”chamber”. These are positioned with a 90 degree 
angle againts each other. Which means that they 
normally does not have any ”conctact”. Periodically 
there is, almost every 10th second an invisible infra-
red light beam is sent out straight into the detection 
chamber. This beam normally does not reach the 
reciever, which means that nothing happens.
If there were any smoke particles in the chamber, 
parts of the light beam will be reflected in these 
particles which results in a detection by the reciever, 
which then triggers the alarm. 

In November 2013, the Ohio Fire Chiefs’ Association 
(OFCA) published an official position paper sup-
porting the use of photoelectric technology in Ohioan 
residences. The OFCA’s position states, ”In the inte-
rest of public safety and to protect the public from the 
deadly effects of smoke and fire, the Ohio Fire Chiefs’ 
Association endorses the use of Photoelectric Smoke 
Alarms . . . In both new construction and when repla-
cing old smoke alarms or purchasing new alarms, we 
recommend Photoelectric Smoke Alarms.”

2             http://en.wikipedia.org/wiki/Smoke_detector1             http://www.storstockholm.brand.se/privat/
om_olyckan_ar_framme_3/om_det_borjar_brinna
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Fish-eye lenses 

A fisheye lens is an ultra wide-angle lens that produ-
ces strong visual distortion intended to create a wide 
panoramic or hemispherical image. 
The angle of view of a fisheye lens is usually between 
100 and 180 degrees. Fish eye lenses are for example 
commonly used as peephole door viewers to give the 
user a wide field of view of the room inside. 1

Miniature digital cameras, especially when used as se-
curity cameras, often tend to have such lenses for simi-
lar reasons. Miniature fisheye lenses are designed for 
small-format imagers commonly used in consumer 
and security cameras. Therefor I see them as a good 
alternative to a product that could ”read” the inside of 
a home, letting the fire fighters understand the situa-
tion before reaching it. 

Fish-eye lenses
Since these cameras work good in ceilings, able to co-
ver a whole room I think this is a very suitable alterna-
tive in this case, since it is important to cover as much 
from a room as possible to estimate what kind of force 
and way of approaching the room is the best one.
As we can see in this video these camera lenses seem 
to cover the whole room, letting the observer gain a 
total overview of the room where the camera has been 
mounted. 
https://www.youtube.com/watch?v=KS_CZ2AlADM

1             http://en.wikipedia.org/wiki/Fisheye_lens
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cheaperthrough dark through smoke see temperature

Becomes smaller & cheaper, 
nowadays used in e.g add-

ons for smart phones.

See wavelenght 9000 - 15000nm
Visible light (750-900nm) does 
not affect the thermal world. Al-

lows us to see in darkness.

Smoke has more transpa-
rency in infrared light than 
in visible light, allows us to 

see through smoke.

Warm & cold objects appear 
different, possible to differenti-
ate them. Stronger radiation in 
objects with high temperatures.

IR, Infrared 

IR, infrared is invisible radiant energy with longer 
wavelenghts than visible light. Our eyes can not see it 
because it has a much longer wavelenght than visible 
light. This is because our vision is limited to a very 
small portion of the electromagnetic spectrum.
With thermal imaging, the portion of the spectrum 
we perceive is dramatically expanded, helping us 
“see” heat. The visible light does not affect the thermal 
world, which lets us see equally well in light as totally 
dark environments1.

IR
Instead of the 450–750 nanometer range of the visible 
light camera, heat cameras detect radiation in the inf-
rared range of the electromagnetic spectrum (roughly 
9,000–14,000 nanometers or 9–14 µm) and produce 
images of that radiation, called thermograms. Since 
infrared radiation is emitted by all objects above ab-
solute zero according to the black body radiation law, 
thermography makes it possible to see one’s environ-
ment with or without visible illumination. The amount 
of radiation emitted by an object increases with tem-
perature; therefore, thermography allows one to see 
variations in temperature.

Since thermal cameras get cheaper, smaller and are 
integrated more and more into consumer products 
(add-ons for smart phones) this might be a suitable 
technology to use in my final concept, used before 
the fire fighters reach the location, giving an overview 
from the inside where the smoke has been detected.

Infrared is used in equipment used to see in dark such 
as heat cameras. The radiation is detected and trans-
formed into a picture on a screen. Since warm objects 
appear different from cold objects it is possible to dis-
tinguish warm objects such as people or cars.
Smoke has more transparency in infrared light than in 
visible light, this is why heat cameras are commonly 
used by fire fighters in smoke filled spaces. 
Since thermal imaging cameras can ”see” through 
darkness or smoke, they allow firefighters to quickly 
find the seat of a structure fire, or see the heat signatu-
re of visually obscured victims.

1             http://www.flir.com/flirone/explore.cfm 2             http://en.wikipedia.org/wiki/Infrared 3             http://en.wikipedia.org/wiki/Thermography
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Heads-up display

Heads-up display is getting used more and more in 
commercialized products, we see them in cars, in one 
of the latest innovations by google, google glass and 
also in professional gear worn by fire fighters, which 
is not very new in this field of the market.  In cars 
some use transparent phosphors on the windshield 
that reacts when a laser shines on it. When the laser 
is off, you don’t see anything, but when the light is on 
the information is projected on the glass. Others use a 
similar system but incorporate mirrors to project the 
images on the windshield.1

Heads-up display
If integrating a floor plan with the tactical objectives 
placed out before the operation, in the fire truck in a 
head mounted display, it would be much easier for the 
smoke divers to know where they are, where they have 
been and where to go to find people identified by the 
cameras in the smoke detectors. 

A typical HUD contains three primary components: 
a projector unit, a combiner, and a video generation 
computer.

The projection unit in a typical HUD is an optical col-
limator setup: a convex lens or concave mirror with 
a Cathode Ray Tube, light emitting diode, or liquid 
crystal display at its focus.

The advantages of head mounted displays is that fire 
fighters can work ”hands-free”, since they when in 
really bad sight have to touch the wall with the right 
hand all the time, it is important to free the other hand 
for other tasks, such as carrying victims.

Paper floor plans are impractical to use while smoke 
diving, because of the bad sight, as well as the feed-
back from the firefighters was that the best way to get 
such information would be on a heads up display. 

1             http://spring.bologna.enea.it/ifawc/2006/
proceedings/IFAWC2006_12.pdf
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Sender/ Object/ 

Reflected wave

Original wave

Reciever Person

Today there is technology that allows us to identi-
fy life behind walls. This let us identify life behind a 
wall without entering the dangers inside the building. 
A commonly used technique is UWB, used as a type 
of radar for this specific purpose in for example law 
enforcement operations & other tactical scenarios, to 
spot threats or dangers in critical situations.
The most advanced radars have the capability of dis-
playing the internal three dimensional structure on 
the inside of the building and showing the exact posi-
tion and height of the poeple inside.

To detect the presence of an object/person the device 
sends out an electromagnetic signal (radio waves). The 
signal spreads from the device and is then reflected by 
an object. Parts of the reflected signal then travels back 
to a reciever that detects the reflected signal. Through 
measuring how much time it takes for the signal to get 
back it can then indicate the internal structure of the 
building and the presence of an object/person.

Radar How does it work?
How easily the object is detected depends on the 
amount of signal reflected back to the reciever. This 
depends on how much signal the object reflects back 
and how well it passes through wall which in turn de-
pends on the thickness of the materials and their pro-
perties. Small amount of movement behind barriers is 
enought to allow detection, the movement associated 
with normal breathing or small signals such as heart-
beats is enough to detect life behind walls1.

The techology is today very expensive and if it is going 
to be used in this project, it has to be in a product used 
by the firefighters themselves, something that they 
bring to the site of emergency owned by every fire de-
partement.

1             http://www.camero-tech.com/product.php?ID=38
2          https://s3.amazonaws.com/s3.documentcloud.org/
documents/1505138/00-wallsensorreport-508.pdf

UWB Radar 

3             http://en.wikipedia.org/wiki/Ultra-wideband
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Concept generation workshop

I created a workshop two weeks in the project. The 
main topic for the workshop was: ”How can fire figh-
ters localize people as early as possible in a smoke di-
ving operation”. I had three categories to brainstorm 
ideas around. Since I did not set any specific moment 
when my product was intended to use this was the 
base to my workshop questions to sketch around. The 
questions A,B and C were the following:

A - Give proposals that offer localization of people 
before the fire departement has reached the scene of 
emergency where the fire is located.

B - Give proposals that offer localization of people on 
arrival to the scene of emergency, but before the actual 
smoke dive has started. 

Focusing on locating people
C - Give proposals that offer faster localization of pe-
ople during the actual smoke dive, so that the smoke 
divers do not have to search through every room in 
close detail. 

A

b

c

BEFORE

On arrival

DURING

WORKSHOP
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1

2

3

4
5

6

7

A

b

c

WORKSHOP IDEAS
Some interesting concepts from the workshop

1. The idea with this concept was to have some kind 
of people-counter integrated either in the door or in 
a smoke alarm. Every time someone would enter the 
house or leave it, this device would count it, and store 
the amount of people inside. This smoke alarm would 
then somehow be connected to the fire departement, 
letting them know how many people were left in the 
house, and if possible also show their position in the 
room. There were discussions about having some kind 
of radar or scanner built in to tell positions of people.

2. A concept on how orientation in the building could 
get easier was done. The concept was about the fire 
fighters getting a floor plan in their fire truck compu-
ters which then could be synchronized with an acces-
sory worn by the smoke divers in the building, letting 
them know their position clearer in relation to the 
rooms in the building.

3. There were a lot of proposals on how flying drones 
could be sent out from the fire departement reaching 
the scene of emergency before everyone else. Those 
would then search through the building, equipped 
with various functions showing people inside, then 
share this information to the fire fighters in the truck.

A lot of interesting ideas were shared during the 
workshop, these are the ones I found most interesting 
and they sum up the whole workshop in a good way.
Some of those are very good ideas but might not work 
in reality, at least not in every case. The one with mo-
bile phones connected to people was a very interesting 
idea since almost everyone owns a smart phone the-
se days, although might not wear them while in their 
own homes, or if an emergency occurs, not bring them 
outside. 
Not every concept offers the ability of knowing the 
situation before the actual smoke dive, but I let the 
workshop participants brainstorm around this topic 
anyways to get a broad outcome of ideas.
Some of these concepts will be developed further in 
detail. Later on those will be evaluated with fire figh-
ters to get their professional opinion about it.

Concept explanations - A Concept explanations - B

Concept explanations - C

Conclusion
4. This concept was based on a smart smoke alarm in-
stalled in every house. This alarm would recognize if 
any mobile phones were left inside the building. This 
alarm would then inform the fire fire fighters outside 
about the amount of phones/people in the building 
and the mobile phones exact position, which hopeful-
ly would be the same as the persons inside.

5. This concept was intended to offer some kind of 
”house scan” before entering the building. This scan 
would be made by for example UWB radar technology 
which is capable of identifying life behind walls.

6. A lot of concepts offered the idea of sending in 
something else right before smoke diving to search 
through the rooms and report the information back to 
the fire fighters on the outside to make it much more 
clear for them to know where to exactly search for pe-
ople. In this case a robot dog was intended to go in 
before the smoke divers.

7. This concept would offer the smoke divers a heads 
up display with an intergrated heat camera inside, 
showing the environment directly in front of you 
instead of searching through a regular hand-held heat 
camera.
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1 1 42 53 6

2

Fire fighters 
drive to location 
with fire truck

Fire fighters can see 
what the drone sees 
through tablet UI

This saves time on site 
because fire fighters 

can prepare/plan more.

Accessory is synched with 
tablet, shows own posi-
tion, floor plan & victims

Drone and 
tablet are 

synchronized

Drone is sent out to 
search for people & to 
prepare fire fighters

Drone scans house with 
uwb radar, identifies 
life behind the wall

Smoke divers 
equip themselves 
with accessory

Location is reached, smoke 
dive is ready to start

Alarm goes off, 
fire fighters 
recieve adress

1
CONCEPT IDEAS

Concept UWB drone

This concept is based on the drone ideas gained from 
the workshop. Some of the ideas are combined into 
this concept to create a holistic solution to the identifi-
cation of people in smoke diving operations.
The concept is based around a flying drone sent out 
by the fire department as fast as they have recieved an 
alarm. By setting gps coordinates in a tablet the drone 
knows where to fly.  Since the drone will reach the sce-
ne of emergency before the fire fighters it will search 
the burning object before there arrival. 
In the fire truck the fire fighters are able to follow the 
drones movements to be aware of the situation in as 
exact detail as possible. The drone is equipped with a 
regular camera as well as a heat camera to be able to 
see through dense smoke. 

When the location is reached the fire fighters have sa-
ved a lot of time that normally would be spent on risk 
estimations and other tactic plannings.
The tablet in the truck is also used primary by the res-
cue leader outside the buring building. He follows the 
smoke divers and guides them with their orientation 
inside.
In the fire truck, the smoke divers have equipped 
themselves with an accessory which is synchronized 
with the tablet, this helps them see themselves in re-
lation to the building, as well as the positions of the 
people in emergency inside. 

UWB drone
Since this will not help the drone to identify any pe-
ople on the inside of the building but rather get an 
overview of the situation, it is equipped with a UWB 
radar, which is a technology allowing identification of 
people behind walls, a movement as small as a heart-
beat is enough for it to identify life. 
This helps the fire fighters to plan the operation in the 
truck instead of spending even more time when they 
have reached the location. They can streamline and 
perform the operation under safe circumstances since 
their preparation is planned in exact detail.
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UWB drone scans house &
gives overview of situation
Identifies life behind wall

Drone sends information to tablet
Rescue leader observe & plan through drone 
Planning is made before, saves time on site

1

Scenario UWB drone

Tablet sends information to smoke divers accessory
Vital information such as floor plan, your position and 
victims position is shown to search through building easier

CONCEPT SCENARIOS
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2

Fire fighters 
drive to location 
with fire truck

This saves time on site 
because fire fighters 
know where victim is

Smoke divers 
equip themselves 
with accessory

Location is reached, smoke 
dive is ready to start

fire fighters recieve 
adress and exact 
location of fire

1 1 42 53 6

Smoke activates alarm 
which informs fire 

departement about fire

Smoke alarm films 
situation with built 

in heat camera

Fire fighters can see 
what the Alarm sees 

through tablet UI

Alarm and 
tablet are 

synchronized

Accessory is synched with 
tablet, shows own posi-
tion, floor plan & victim

2

Concept smart smoke detector

This concept offers the fire fighters a better overview 
of the situation in a house fire. Part of this concept is 
a product purchased by the consumer for his/her own 
home. It consists of a smart smoke alarm that creates a 
safer alternative for the person located in the house if 
a fire occurs. When the alarm goes off, a heat camera 
that is built into the smoke alarm starts recording the 
situation, this information is connected to the fire de-
partement which then knows if someone is left inside 
the room or not.

As part of this concept the floor plans would also be 
available in some kind of accessory worn by the smoke 
divers, allowing them to know their position in rela-
tion to the room as well as the victims/smoke alarms 
position.

Smoke alarm
This information would be shared with the fire fighters 
through a similar tablet used in the earlier concept. 
This tablet would have the floor plans of every buil-
ding registred and would then also be able to tell in 
which room the alarm is located. This would make it 
easier for the fire fighters to understand the location of 
emergency as early as possible and follow the situation 
inside the room where the smoke alarm is mounted.

CONCEPT IDEAS
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Fire alarm activates when smoke appears
Heat camera turns on to film situation

Fire alarm sends live video to tablet
Fire fighters can plan smoke dive in detail

2

Scenario smart smoke detector

Tablet sends information to smoke divers accessory
Vital information such as floor plan, your position and 
victims position is shown to search through building easier

CONCEPT SCENARIOS
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Smoke divers 
equip themselves 
with accessory

Location is reached Accessory is synched with 
radar, shows own position, 

floor plan & victims

2

Fire fighters 
drive to location 
with fire truck

fire fighters recieve 
adress of fire

Rescue leader identifies people 
with radar, can be flexible, 

scan on the inside/outside etc

1 1 42 53 6

3

Concept handheld UWB

The handheld UWB offers the fire fighters a quicker 
and more precise search through at the emergency 
site. This concept aims to help the fire fighters when 
they have reached their location. This tool is very flexi-
ble in the sense that it is handheld and lets the fire figh-
ters search through every interesting spot available.

As the other concepts the screen on the handheld 
radar is synchronized with an accessory worn by the 
smoke divers, which helps them while smoke diving. 
Showing rooms, their position and the victims posi-
tions.

Handheld UWB
Since the UWB radar in its applications today has a 
range of 20 meters this tool would offer a flexibility 
of searching through every interesting spot. The dro-
ne concept on the other hand would have difficulties 
with this, since it would only search the outer walls of 
a building and not be able to reach the inner rooms in 
a very big building.

CONCEPT IDEAS
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Smoke divers/rescue leader scans house from outside & inside
Offers more flexibility and precision than drone
Sends information to accessory worn by smoke divers

3

Scenario handheld UWB

Handheld UWB sends information to smoke divers accessory
Vital information such as floor plan, your position and victims 
position is shown to search through building easier

CONCEPT SCENARIOS
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Evaluation at fire department

”I am sure this would save lives”

”The drone would save us time on site”

”Just roughly knowing where someone 
is left in there would help us a lot”

CONCEPT EVALUATION
Evaluation of concepts with fire fighters

A visit was made at the fire department to gather feed-
back and opinions on the three concepts & scenarios 
from the fire fighters. The fire fighters were overall 
impressed by all the concepts shown and though all 
of them would improve their work situation in a way 
or another. 
I got the feeling that regardless which concept I would 
choose to work further with, it would still help the fire 
fighters work of localizing people faster and save pe-
oples lives.

Three evaluation forms were handed out, with three 
different answers, therefor none of the concepts was 
ranked higher than the other. I got great feedback from 
the fire fighters, although an evaluation form evaluted 
together with my own demand list has to be filled in 
by myself to get a better and more clear overview to 
identify what’s positive/negative with every concept.
A SWOT analysis also might give a more clear indica-
tion on what is best to develop further.

Evaluation, three concepts
A concept evalution form was handed out to let the 
fire fighters rank which concept they thought would 
fulfill the needs in a smoke diving operation in a futu-
re product. Different needs were listed and a number 
between 1-5 would indicate which concept handles 
the different needs best.
The concept with most points became the drone con-
cept. Although I added a comment section on where 
the fire fighters would motivate which concept they 
thought would offer them the most crucial informa-
tion in the best way.
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CRITERIAS

OVERALL RATING

UWB IR HAND
DRONE ALARM UWB

Localizes people as early as possible

Identifies rooms

Identifies risks

Identifies entrances

Identifies construction

Applicable in a near future

14 17 10

MATRIX EVALUATION
Evaluation based on function list

Looking back at my aim & goals section the main pur-
pose of the project was to ”create a visionary solution 
on how to locate people faster in fire emergencies and 
through this prepare the fire fighters better for their 
smoke diving operation”. I believe that the concept 
that fulfills this the best is the IR-alarm since it gives 
an early overview of the situation and could be con-
trolled by the fire fighters in the fire truck. Not only 
does it fulfill those needs, but is also applicable in a 
near future. 

Since all of these concepts are quite similar and almost 
fulfill the same demands I believe that a SWOT-analy-
sis will give a more clear picture of the positive featu-
res as well as the less positive features in the different 
concept solutions.
Based on feedback and my own knowledge from the 
project so far I think this is a good method to get a 
clear direction to develop the project further into.  

Concept evaluation
The other concepts both offer different ways of locali-
zing people, although they do not offer the same flexi-
bility in an early stage.
Especially not the handheld UWB because it only of-
fers the ability to scan a house when the group of fire 
fighters has reached the location.
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STRENGHTS

STRENGHTS

STRENGHTS

WEAKNESSES

WEAKNESSES

WEAKNESSES

OPPORTUNITIES

OPPORTUNITIES

OPPORTUNITIES

THREATS

THREATS

THREATS

Gives clear overview in advance

Gives good overview in advance

Saves planning time on site

Saves planning time on site
Creates a collaboration between consu-
mer and fire departement

Can only UWB scan outer walls Fit different situations
New product segment

New product segment

Battery time
Very bad weather conditions
Precision

Expensive today
Technical complexity

Accuracy

Doesn’t reach all the way in, in big 
buildings

Requires operator Competitve products (military)

Does not require operator on site

Does not require operator on site

Flexible at high altitudes

Flexible, can scan inside

Needs to be installed in almost every 
room to get a full overview

Would not give overview of exterior
Can’t see through objects

Makes it feel like a safer home for the 
owner.
Can create a whole service around the 
product.
A new start for an old product with a 
lot of new features and functions

Owner might feel supervised
False alarmsCheap in a few years

Must be a standardized product to be 
used by everyone

Takes time on site

Not so flexible at high altitudes

Doesn’t prepare the fire fighters more 
than today before reaching location

Gives good overview in specific rooms

SWOT ANAYSIS
SWOT analysis evaluation

A SWOT-analysis was made to get a more clear and in 
depth evaluation of the three concepts proposed. 
To compare the different concepts in strenghts, weak-
nesses, opportunities and threats creates a more logi-
cal pattern to keep on working with.

As the analysis clearly points out, the IR-alarm is the 
concept with most strenghts. Compared with the 
other concepts it is able to give exact overview of dif-
ferent rooms that none of the others would in such a 
detailed way. It saves a lot of time on site as well as 
the UWB drone does. It would indicate roughly where 
people are located but not offer such a clear view of the 
whole situation inside as the alarm.

As seen with the IR alarm it as well has some disad-
vantages since it would require a full installation in 
a house, every room would have to be equipped and 
it would have to be a standard in every house to be 
useful in every situation for the fire fighters. As men-
tioned before the handheld UWB has some disadvan-
tages as well, not mentioned was that it does not save 
as much planning time as the drone or alarm would do 
on site and it does not actually prepare the fire fighters 
at all before reaching site.

Again, if looking back at my first aim & goal with the 
project, I belive that the IR-alarm concept fulfills most 
of my goals in the best way. Some things are lacking, 
but seen overall, this solution would probably help the 
fire fighters in a situation like this the best, in a future 
not too far away from today. 

Concept evaluation
With the handheld UWB the flexibility would be much 
greater than with the drone and the alarm, although 
what is negative is that it would require an operator. 
This means that he/she would have to enter the buil-
ding if it is a really big one, since the radar today has a 
limit of 20 meters. Another aspect is that it wouldn’t be 
so flexible when it has to reach hights. Either the fire 
fighters would have to reach these heights by entering 
the building, or by using the crane on one of their fire 
trucks.

As we can see the weaknesses with a UWB carrying 
drone is that it would not be possible to scan through 
inner walls, as said before the technology is limited to 
20 meters today, this means that if a big building has to 
get searched through, it would be hard for the radar to 
reach all the way inside. The drone would also proba-
bly be quite expensive to produce today because of its 
technical complexity, although a few years from now 
this would probably change. 
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SHARED SERVICE Smart alarm SMOKE DIVE GUIDE

A smart smoke alarm with the 
main function to ease the loca-
lization of people for the smoke 
divers. Films the situation on the 

inside when detecting smoke.

Shared service between consumer 
of smoke alarm and fire departe-
ment. Vital information such as 
floor plan, alarms position, live 

camera etc will be displayed.

Some kind of accessory or inter-
face for the smoke divers to use 
while smoke diving. Connected 
to the shared service to ease the 
search of people in dense smoke.

CHOSEN CONCEPT
Smart alarm concept specification

The concept direction became to work further with 
the smart smoke alarm. Many aspects made it the win-
ner of the three concepts presented. 
It is a product direction that opens up possibilities and 
creates a new start for a product that has looked and 
worked the same for many years. A whole service can 
be built around the product, where both fire fighters 
and the owners of these fire alarms will be a part of 
creating safer homes as well as safer working condi-
tions for the fire fighters. 

The service part main function is to inform fire depar-
tement and the owner about how the situation is evol-
ving on site. Since this is not a regular smoke alarm, 
but something more, mainly focused on the fire figh-
ters, since they are the main target group I will only 
show proposals of the service that the fire fighters use.

The application is then supposed to connect to a sys-
tem worn by the fire fighters, the purpose of this is to 
ease the searching for poeple in the smoke filled buil-
ding. 

Chosen concept direction: smart alarm
The final proposal will be composed of three different 
parts. One is the actual smoke alarm, which is the 
main product. It is this unit that communicates with 
all the other parts of the service. If a smoke alarm is ac-
tivated the idea of this concept is that a thermal came-
ra built into the alarm gets activated. The purpose of 
this camera is that both the owner of the smoke alarm 
is able to see how the situation in his/her house is de-
veloping as well as the fire fighters to prepare them as 
much as possible before they reach the location of fire.

concept
parts
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PRODUCT FUNCTIONS
Smart alarm functions & properties

As any other smoke alarm, some functions are crucial 
to include to create a fully functional and protective 
product against different threats that could appear in a 
home environment.

As any other smoke alarm this one would need a smo-
ke sensor, as stated before photoelectric smoke sensors 
seem to be the best ones in many tests and reviews, 
therefor this one would be photoelectric too.

Carbon monoxide is an odorless, colorless, and taste-
less gas that is near impossible to identify without a 
proper detector. It is caused by fuels not burning com-
pletely, including wood, gasoline, coal, propane, natu-
ral gas, gasoline, and heating oil. This unburned fuel 
can come from anything from clothes dryers, water 
heaters, and ovens to ranges, a fire-burning fireplace, 
or a car left running in a closed garage1.
To maintain a safe environment to live in, a carbon 
monoxide detector will be added into the smoke 
alarm.

If there is someone left inside, like a dog, a child or 
anyone this will be seen through the camera, with a 
shared service both for yourself as well as for the fire 
fighters. This service will make it easier for the fire 
fighters to plan and prepare the exact way of solving 
the situation, saving you and your families lives faster.

Feedback from fire fighters has throughout the whole 
project been that it is very hard to know the situation 
on site before reaching it. With a system like this, whe-
re the consumer shares as much information as pos-
sible about his/her building with the fire fighters, a sa-
fer situation is created for both parties. Collaboration 
will solve these issues.

Smoke alarm functions
The final product will not just be a regular smoke 
alarm. Functions such as different messages depen-
ding on carbon monoxide detection or smoke detec-
tion and if it is a serious alarm or just a heads up will 
be provided. 
The smoke alarms will be connected, if there is a de-
tection in the living room while you are in the kitchen, 
the kitchen smoke alarm will tell you where the smoke 
has been detected, as well as informing you through a 
smartphone message, therefor letting you know even 
if you are not at home.
This is not all, the most important feature of this pro-
duct is the camera feature. When smoke is detected, 
the alarm clearly shows that it is recording the situ-
ation. If the alarm is not deactivated in 20 seconds, 
either from your smartphone or manually, it will send 
the alarm further to the fire department, showing the 
fire fighters the exact loaction of fire. Giving them a 
much more clear overview, and the ability to switch 
between the different alarms/cameras in your house.

1             http://www.safewise.com/home-security-faq/car-
bon-monoxide-detector
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Smart alarm functions & properties

Since this concept do not only include a regular smoke 
alarm as we see them today but a whole service around 
the main product this service has to be designed to 
offer a holistic solution to the problems identified.

The main purpose of this application is to inform 
about threats and location of people identified in the 
house where the smoke alarm is installed, not only is 
the purpose to inform you as the user of the product. 
What rather is more important is to share this infor-
mation with the fire department, letting them know 
about the threats as early as possible to be as prepared 
as they possibly can. So the main purpose of this app-
lication/service will be to design it for the fire fighters 
since they are the primary user of the product.

Since the smoke alarm comes with one regular camera 
as well as a thermal camera, the user or the fire fighter 
can switch between those two modes or get them both 
combines to display a picture with higher thermal ca-
mera resolution.

The smoke alarms are switched between with a very 
simple tap on either of those. These are displayed on 
a floor plan to differentiate them from each other, and 
to make it easier for the fire fighters to plan their ope-
ration.

Since over 80 percent of all the fires in Sweden happen 
in villas and apartments it is logically this environme-
nt that is the most crucial to focus on.
In half of the death causes it has not been possible to 
establish the reasons to why it happened, with a smart 
smoke alarm like this, it would.

App/service functions
Every smoke alarm will be connected to a service, 
the service and the smoke alarms will be connected 
through the wifi network, if the connection is down, 
the 3G/4G network will connect the alarms with the 
fire departement.
What the application will display is vital information 
when unsimilarities are detected in your home, either 
smoke detection or carbon monoxide detection. If you 
are not available when this displays, the information 
will instead be showed to the fire fighters. 

These smoke alarms are smart, if you react to the in-
formation warning you, you can easily switch between 
the cameras inside the smoke alarm, directly from 
your smart phone, anywhere. This is to prepare you as 
early as possible, and if the situation seems like out of 
control, the fire department can gets contacted after 20 
seconds, the time limit is short because of the fact that 
fire spreads extremely fast. 

INTERFACE FUNCTIONS
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geometric integrated

discreet

sophisticated

MOODBOARD
Moodboard concept discreet

80 percent of all the fires in 2013 happened in homes. 
Approximately as many fires were reported in apart-
ments as in villas. The most common reasons to these 
fires are power glitches, candelights and planted fires1.

Because of these statistics it is logical to focus on a 
form expression that blends in as many private homes 
as possible. The challange is to create something that 
actually could be accepted by anyone to set up in their 
home.

Geometric was chosen as a core value because of the 
logical fact that every room in a building is geometric 
as well. This would create a nice balance between the 
product and the context it is used in. 

The product should be feeling like it is a part of the ce-
iling, almost like it is growing out of it. Making it hard 
to decide if it is an own product or a part of the ceiling.

Making it appear sophisticated would blend in nicely 
in most scandinavian homes where minimalistic pro-
ducts are a key feature of the overall interior.

Concept discreet Geometric

Integrated

Sophisticated

The majority of homes have white ceilings, therefor a 
concept where the form expression should be discreet 
and blend into the rest of the interior design, it is quite 
logical that the product should be white as well.

This moodboard is called discreet since the product 
has to blend into as many different interiors as pos-
sible.
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discreet sketches

discreet
To find an expression that could reflect the pictures 
and keywords in my moodboard I did a lot of pencil 
sketches. Some of those really try to push that they are 
integrated, almost like they are growing out of the ceil-
ing. Most of them are very geometric and static, either 
circle shaped or rectangular. Regctangular shapes were 
experimented with since they nicely would blend in 
with the normally rectangular ceiling.
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reliable embracingintelligent

safe
Moodboard concept safe

Providing a safer life for the owner of the alarm as 
well as a more planned and prepared smoke diving 
operation, the product creates safety for both parties 
involved. 
Since this is a new kind of smoke detector with safety 
as one of the core features I believe it is important that 
the product should express that too. 

The product should express reliability, the user should 
feel like he/she can trust this product. For me, a stable 
expression and corners with big radii achieve that. 

The form should communicate that the product is in-
telligent, that it is alive in a whole other way than tra-
ditional smoke detectors. This is because of the whole 
service connecting the product, fire fighters & yourself 
in a totally new way. 

An embracing expression would make the user feel 
safe, like something he/she could hold onto, covering 
up when in an emergency. I believe soft tensioned sur-
faces communicate this expression as well as layered 
embracing frames, creating the feeling of a railing in 
the product, like in the BMW detail shot to the left.

Concept safe Reliable

Intelligent

Embracing

The concepts core feature is the integrated cameras, it 
is also this part of the product that actually creates a 
safer smoke detector than what is available on todays 
market. 

Knowing you are safe and that someone actually can 
look after your home when you are not capable of 
doing it creates a reliable user experience. The chal-
lange here is to create a solution that does not make 
the owner feel supervised, but still in safe hands. To 
integrate the camera in a way that makes the user feel 
safe and at the same time does not make him/her feel 
supervised.

MOODBOARD
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safe sketchessafe sketches

safe
In these sketches I tried out different methods of 
achieving a safe expression. Many of these have tensio-
ned surfaces which in my oppinion make them appear 
as embracing and protective, almost like they enclose 
the intelligent inside which is positioned in the midd-
le. Some sketches are also based upon a thin frame that 
encapsules the inside, inspired by the detail car shot 
from the moodboard.
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movement personalizedseparated

exposed
Moodboard concept exposed

To create a diversity of different form concepts this 
form board expresses the opposite direction from 
what the discreet form board does. 

In this board I want to communicate a form that the 
owner should be proud of, as an important part of the 
overall interior design in the home.  

Expressing movement in the product catches atten-
tion, something sticking out from the rest of the things 
normally mounted in the ceiling. 

Instead of integrating the product into the ceiling, why 
not separate it more from it? Making it look like it is an 
own part of the interior design, not blending into the 
infrastructural elements.

Personalizing a product is very important for many 
when deciding what to expose in their homes. Could 
the product be customized to fit many different situa-
tions? Or at least feel like it is?

Concept exposed Movement

Separated

Personalized

A smoke detector should be as normal to expose as a 
television, computer, speaker or any other electronic 
device creating a part of the interior in the majority 
of todays homes. 

The user should be proud of owning a highly func-
tional smoke alarm, as smart as any other connected 
device in todays market. 

MOODBOARD
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exposed sketches

exposed
In these sketches I asked myself why a smoke alarm 
had to be something that should be hidden and inte-
grated, and tried to create the opposite. With chamfe-
red surfaces on the top of the detector these sketches 
achieved a more ”separated” expression. Experiments 
with trying to ”extend” the smoke expression into the 
detector, almost like the smoke would flow through it 
was also made to achieve a ”movement” expression. 
I also had ideas of how certain parts could be exchang-
ed to fit different situations, exploring a more persona-
lized approach to a normally rather generic product.



117116

Integrated: ”It feels like there could 
be more technology than the smoke 
detector shows, like the technology 

could be integrated in the roof.”

Personalized: ”It would be nice if 
the part with the patterns could 
come in different variations, to fit 

different situations.”

Movement: ”This pattern crea-
tes a nice flow and movement, it 
would be a nice contrast from the 

classic smoke detectors.”

Movement: ”It almost feels like 
the small holes creating the pat-
tern has a direction, like they are 

ciculating in an orbit. 

Reliable ”The good old smoke de-
tector form, with a slighly updated 
design, feels recognizable which 

makes it realiable.”

Movement: ”Almost feels like a 
curtain floating in the wind”. 

?

exposed

exposed

safe

discreet

Embracing: ”A thick embracing 
frame, protecting the parts on the 

inside of it”

sketch evaluation
Evaluation of sketch concepts

I did an evaluation of my first form sketches. In these 
I tried to explore different directions as shown in the 
moodboards earlier. These sketches together with the 
moodboards were evaluated together with some of my 
class mates to get their different opinions on which of 
the forms communicated my key words in the most 
clear way. 
A piece of a post-it was handed out for each key word, 
the participants were to write that word and a short 
sentence on why they chose to place that particular 
word on the sketch.

The intention of this sketch evaluation was to get feed-
back from my class mates on their thoughts, if my 
sketches matched the moodboards I had done or not.

My conclusion from this evaluation is that the final 
form needs to have a nice balance between the forms 
that express some of the values from the moodboards 
in the best way. To create a product that feels safe, at 
the same time as it has to be quite simplistic to blend 
into its environment. To mark out that this actually 
is more than a smoke alarm, I believe that the user 
should also be proud of owning such a product, and 
therefor I think the product should express exposure.
The next step in the process is to develop these key 
sketches chosen from the sketch evaluation, and mer-
ge them into one product. 

Evaluation & form direction Conclusion
I got some great feed-back from my class mates. Some 
of the most important comments from the evaluation 
are stated next to the skecthes that I have collected 
here on the left page. 
I believe that these sketches sum up my sketch pro-
cess in a good way, they both exress safety with the 
embracing frames, protecting the ”brain” of the pro-
duct. They have simplistic geometric overall forms, 
which make them feel reliable, minimalistic and di-
creet. Combining these features with some exposing 
element adds a third dimension to the product, letting 
the user express a proudness of owning this service.
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developing sketches
CAID & mock-ups

To create a combination of the sketches picked out 
from the form evaluation quick CAID models were 
made to see proportions clearer and to get a more ex-
act picture of how the product would look like three 
dimensionally. I was also able to experiment more 
with small details such as radii, concave surfaces, and 
thin material thicknesses. 

A mock-up model was made in the workshop to get a 
better size reference as well as exploring how the ove-
rall form would look like physically. For example the 
middle part where the cameras and button is supposed 
to be located appeared a little bit to small. Since this is 
where all the interactive parts are located it felt natural 
to make it appear bigger, both for the semiotics, sin-
ce the user would press that button when hushing the 
smoke detector as well as fitting all the camera tech-
nology into it. 

CAID & mock-ups
As seen to the left, the early CAID sketches were quite 
static and geometrical, but transformed into more ex-
citing and intelligent shapes further into the process.

They all create a nice combination between something 
growing out of the ceiling at the same time as it in-
terprets as something being separated from it. This 
is achieved by the chamfered surface closest to the 
ceiling, meeting the small material thickness which 
drastically changes to the concave surface growing 
out from the form, creating a curious intelligent ap-
pearance.
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detail sketches
Pattern & detail sketching

After the CAID and mock-up process more detailed 
sketches were made to establish every single design 
element of the smoke detector. I sketched over my 
mock-up made in the workshop. I decided to make the 
straight surface between the chamfers and the concave 
surface much thinner to make the product feel more 
sophisticated and lightweight instead of creating a 
smoke alarm that appears heavy and bulky. 

These patterns grow from smaller to bigger wholes, 
this is to express the growing intelligent form even 
more than with the concave surface. But it is also there 
to give the expression of something flowing, just like 
smoke does, it should give the feeling that the smoke 
flows along the whole product. Like an extension of 
the actual smoke.
The pattern is also there to maintain the most im-
portant function of a smoke alarm, to detect smoke. 
The smoke travels through the wholes into the photo-
electric chamber where the smoke is detected. 

CAID & mock-ups
Details on button, brand name and the position of the 
camera was also made to create a nice balance between 
those three elements. A gentle frame was made around 
the button/camera part to make it feel like it embra-
ces the intelligent inside of the product where all the 
smart functions are located.
Different patterns were also made to create a combi-
nation between an integrated alarm and an exposed 
alarm. 
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caid realization
Pattern & detail sketchingPattern & detail sketching

To both solve the technical parts of the concept and to 
create a realistic form as a base for explanation images 
and context images a CAID-model was made. 
To get the right size of the model to fit in batterie

Some of the initial proportions had to be slightly 
changed to fit the batteries and all the other technical 
components required, therefor the original really slim 
smoke detector that I had planned to design had to 
become a bit less slim.  

The CAID model was also used as a file for CNC mil-
ling the model, to get the exact smooth curves and 
surfaces that I had established in my design. 

CAID & mock-ups
To get the right size of the model to fit in batteries, op-
tical smoke detector chamber, speakers, screws, mag-
nets, carbon monoxide detectors, cameras lights etc I 
thought it was important to create a three dimensional 
model, to see if everything would fit inside of it. 

140

70

39

105

140
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result
chapter five

05
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result
The result is ”seek”, a thermal imaging smoke detector  
that makes the user feel safer in his own home. If an 
emergency would occur, seek sends a live video to SOS 
which redirects the video to the closest fire depart-
ment. Through the seek service system, the fire figh-
ters are able to see what is going on in your home on 
their way to you. This lets them prepare and plan their 
operation at hand, which makes it easier and faster for 
them to save your home in a minimum of time lost.
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neutral
When the seek smoke detector is inactivated, which 
it is in most cases, except when a smoke has been de-
tected it looks like this. Its neutral matte white colour 
blends in nicely to most ceilings. When no smoke is 
detected, the camera shutter is clearly closed, this is to 
make the owner of the smoke detector feel less super-
vised and to clearly show when the product is inactive.

opening opened
When the smoke alarm detects smoke or high carbon 
monoxide levels it sounds an alarm, glows a red ring 
around the seek button and opens up the shutter to 
start filming the situation. The owner can hush the 
alarm if everything is under control, either from his/
her smart phone or manually on the seek button. After 
20 seconds without reaction the video is sent over to 
the fire department.

When the seek smoke detector has opened up the 
shutters all the way, it looks like on the picture above. 
Both the glowing red ring around the button, and the 
wide opened shutter clearly points out that it is active.
It is important to really point for the owner when his/
her home is getting filmed.  
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connected alarm
The seek thermal alarms are interconnected, this 
means that if one alarm detects smoke in a room the 
rest of the alarms located in the other rooms get acti-
vated too, telling in which room the smoke or carbon 
dioxide has been detected. Every alarm has a name 
depending on which room it is in. This makes it easier 
for the owner to know where the detection has occu-
red, as well as for the fire fighters to understand which 
room the live video is showing. 

connects outside
The alarms are connected with SOS and the fire de-
partment. They are connected through either the ow-
ners wi-fi network or if the network is down, through 
3G or 4G connection. The alarm connects to the fire 
departement fast, in only 20 seconds they can see 
what’s going on inside. This is because a fire spreads-
very fast, after a couple of minutes a whole room could 
be burning and filled with thick smoke.



133132

green light yellow light
Each hour the smoke alarm glows green for a while 
to show that everything is under control and that the 
alarm is working properly.

When the smoke alarm glows yellow and make a noise 
it means that something is wrong, but not as urgent as 
when the alarm glows red. Either it means that there 
is small amount of smoke or carbon monoxide in the 
room, it will tell which one of those it is. If no sound or 
voice, it means that the batteries are running low, and 
that it is soon time to exchange them.

red light
When the alarm glows red and the sound goes off it 
means that the carbon monoxide or smoke levels are 
high and that the situation is dangerous. The alarm 
will also tell which smoke alarm has activated the 
alarm.



135134

easy mount
The part of the seek smoke alarm that is mounted to 
the ceiling is mounted with four screws. This platform 
has four magnets on it which connects with the mag-
nets on the top of the smoke alarm. This is a very easy 
way of changing batteries if they are running low.
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exploded view

optical
smoke 

chamber
camera
lenses

led
lights

cpu with 
4g/3g modem

This exploded view was made to strenghten the vision 
of this project, to explain what this product roughly 
looks like on the inside and what kind of components 
that have to fit into it to create a final functioning pro-
duct.  As seen in the exploded view, cameralenses, 
lights, batteries, screws, magnets, circuit board with 
4G/3G modem, optical smoke detector, carbon mo-
noxide detector and speakers. 

batteries

screws

speaker

magnets

carbon
monoxide 
detector



139138

more than just a smoke detector
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100%4:21 PM

start-up
This is the part of the service that the fire fighters have 
accessible in their fire truck on their way to the emer-
gency site. This is the start-up screen of the service, 
which clearly relates to the seek smoke detetor with 
the simple silhoutte logo. This service was made as a 
connection between the smoke detectors and the fire 
department. This is where the fire fighters get updated 
about the situation on site, saving them time later. 

plan overview selected detector
When the fire fighters open up the video section of 
the service, they get a clear overview of the floor plan 
inside the building. Here they can switch between the 
different floors in the building, giving them an over-
view of the rooms and where the smoke detectors are 
installed. The interface is simple to let the fire fighters 
focus on the important things, in this case the smoke 
detectors, selected section, floors and room division.

When the fire fighters select one of the smoke de-
tectors, in this case smoke detector number one, a 
small window of a camera pops up above it, if the fire 
fighters want to access the live video section in that 
specific room, they simply tap that button to get to the 
live video overview section.
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video overview
Now that the living room camera is selected, the fire 
fighters can switch between dual camera overview, ca-
mera overview and heat camera overview.
What the dual camera overview does, is that it blends 
together the heat camera with the normal camera, cre-
ating a much sharper video, since the thermal cameras 
alone have very low resolutions. The fire fighters can 
see temperature changes as well as people left inside, 
the thermal cameras also help see through the smoke.

tactics planning
In the smoke dive tactics mode, the rescue leader can, 
together with the fire fighters in the truck highlight 
important prioritizations when performing the actual 
smoke dive. Ofcourse these might change drastically 
in short time, but at least give a rough indication on 
what needs to be done in which order. In this case the-
re is a man left in his room, sleeping, fire is in the first 
bedroom, this makes it possible to save the man first. 
The info is then transferred to the smoke divers visor, 
in which they can follow the map on where to go.
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ui in context
This is what the rescue leaders service would look like 
in context. The flexibilty of the service would allow 
him/her to follow the situation on site while in the fire 
truck & on location as in this case. If something dras-
tically changes the rescue leader can adjust the tactics 
that have been planned earlier. This is to inform the 
smoke divers on the inside with new important infor-
mation changes instantly.
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heads up display
A quick example of how the service could be connec-
ted to the smoke divers visor was made to illustrate the 
connection between the different products designed. 
The purpose of this part is just to illustrate how this 
system could be interconnected. Since this was not a 
part of my goals that I brought up in the beginning of 
the project, this is just an example of what it could pos-
sibly look like. Feed-back from the users was from the 
beginning that an accessory anywhere else than right 
in front of you would be in your way, and not let you 
focus on the important pars. 

ui/ux
The user interface in the product is positioned in the 
left corner to avoid it from blocking the sight right in 
front of the smoke diver. Instead they should be able 
to look at it when needed, not blocking the rest of the 
smoke divers sight. What the smoke divers are able to 
see here is basically the same tactics floor plan as in the 
service app, although through GPS would also show 
the smoke divers position in relation to the highligh-
ted areas, letting them know what has been seached 
through and what has not been. 
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detects people

safer work

saves life

The seek smoke alarm, is more than just a smoke 
alarm. The concept is made with the fire fighters in 
mind. It is designed to help the rescue personnel to 
locate people in emergency faster. The concept is ba-
sed on thermal imaging technology, which allows the 
fire fighters to identify people through heavy smoke.

Seek’s ability to identify people & dangers before the 
actual smoke dive allows the rescue operation to be 
streamlined and planned to avoid the unnecessary 
risks the rescue personnel expose themselves to today.

Thanks to the efficiency and the early overview that 
the seek smoke detector offers, the time from the acci-
dent until the person can recieve skilled care is redu-
ced, increasing his/her chance of survival.
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model making
Workshop & final model

The final model was mainly made by cnc milling, my 
CAID model was used as a file for milling the model. 
The two main parts, as seen in the pictures were mil-
led together, most small parts were milled as well. The 
parts with flat surfaces were printed in the laser cutter.
For the 200 holes a laser cut template was made. It was 
then used as a template for drilling the wholes. This 
process took a lot of time and was probably the hardest 
part to make.

On the left there are some workshop process pictures, 
and below shows some pictures of the final model, pa-
inted and finished. 

Workshop 
When the wholes were ready, the sanding part started. 
I switched between sanding and priming. The model 
was primed in four rounds before the white matte 
spray paint was applied onto it. After the time spent 
in workshop, the model was assembled and finished. 
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