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Outline

1. What s Fire Detection and Monitorifig
2. Why s it important?

3. What methods are available?

4. Integration of different methods



concepts

Fire Detection
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A detection of a previously unknown fire
A confirmatory detection of new fires
A detection of spot fires
A detection of rekindlings



Monitoring

Detection

Concepts
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concepts

Fire Monitoring

A Mapping and characterizing the
parameters of a fire

(location, fire perimeter, active fronts, size,
proximity to water and inhabited areas, etc)

A Status and changes in an active fire



Importance

Fire Detectiod

A Early detection is a key element for the
succes®f anyfire managemenprogram

A Successof initial attack dependson : time
delay,fuels,weather,fire size

A Increase the probability that it can be
controlled before it develops into a
catastrophicevent

A Reduce suppression costs and negative
environmental Iimpacts



Importance

Fire Monitoring

A Oncethe decisionhas been made to initiate
suppressionemphasisis then placedon fire

monitoring

A Critical for ongoing suppression actions,

suppressiomplanning,publicwarnings.etc.

A Reduce suppression costs and negative

environmentalmpacts

Fire detection systems are used for both
detection and monitoring phases

he



How do we detect fires?

1. Smoke

2. Heat

3. Flames and Light

4. Temperature & Gases



How do we detect fires?

1. Smoke

A Most reliable signal for daytime detectior

A Spectral signature (colour), motion.

A Characteristics vanyith burning and
combustionconditions

A Affectedby clouds, fog, hazehadows.



How do we detect fires?

1. Smoke




How do we detect fires?

2. Heat

Strong signal for the detection of fire

Large capabilities for nightime detection
OYAaaAzy F2ttzga titIl
Total energy follows Stefan2 f 01 YI yy
Shortwave to Thermal Infrared region (SWIR,
MIR, TIR)
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How do we detect fires?

2. Heat
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Figure 1. (a) Planck’s law curves for ideal blackbody radiation at moderate temperatures (—25 to
+50 °C); (b) Higher temperature sources radiate much more intensely (note the large change in ordinate
scale) and peak spectral response is shifted toward smaller wavelengths.



How do we detect fires?

2. Heat

Source:
Oertel et alIn press
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Avallable Methods

1. Humans

2. Cameras &
Sensors

3. Airborne

4, Spaceborne



Humanbased

How?

APatrols monitoring towers, generglublic, ground
staff

ADirect observation of a fire or its smoke

ABased on the probability of human detection.

Humans are involved in almostvery
detection method




Humanbased

Influencing factors

Sensitivity, attention and experience
Fire size and plume shape

Smoke density

Distance and intensity of the target
Atmospheric conditions and occlusions
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Humanbased

Examples

A Over95% of fires reported to the NSW Rural
Fire Service betweeP004and2009were
reported by thegeneral publicor authorities.

A In Portugal between 2001 and 2014, 65% of
fires were reported byeneral publicand 10%
by authorities

A Crowdsourcing methodZhonget al. 2016)



Humanbased

Advantages and Disadvantages

A Remote areas are less coveredimmans

A Telephone network may be limited in
remote areas

A High probability of faulty alarms

A Watch towers: Inflexible, costly, only have
daytime coverage, limited spatial coverage.



Cameras & Sensors
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How?

1) Equipment S .
_ ] Example: Forest Fire
2) Detection of fire Finder (NGNS)
- Algorithm detects fire and decides whether to

send the alarm or nofautomatic)
- Or there is a trained operator that sends the alarm

(supervised)
3) Identifying the Location of the fire
4) Communicate the information



Cameras & Sensor

How?

Cameras
A Differenttypesof cameras ¢

g a———

etect mostly smoke

(visible and IR) and heat (thermal IR)

A Trainedstaff need to be dec
system for firedetection

A In alternative automatic alg

icated to operate tr

orithms can be use

A Careful decision of what information is passed
A Detectsmokafire in a range o15-80km



Cameras & Sensors

How?
Sensors

A Sensorsenseparameterssuch agemperature
pressure and humidityand gases

A High monitoringrequency

A Easily deployed even in inaccessible places

A Severabystems proposed have sensors linked
with camerasl(loretet al. Hartunget al.)



Cameras & Sensors

Influencing factors

A Human error and skill, for supervised systems

A Technical performance of cameras and
algorithms

A Fire size

A Topography

A Atmospheric conditions (visibility)

A Distance from target



Cameras & Sensors

Examples

FireWatch

A Automatedfire detectionsystem

A Detectssmokein a 1640 kmrange(up to~50km)

A Sensitiveo radiation in the visible and neanfrared.

A Works during the night.

OperationalFireWatchsystems are in use in Germany,
Estonia, Cyprus and Mexico. Pilot scale systam®mB use
In the Czech Republic, Portugal, Spain, Italy, Greece, ar
the USA.



Cameras & Sensors

Examples

ForestWatch

A Semiautomatic detection system

A Smokeduring the day and fire glow at night to an
optimal distance of 1620 km (up to ~60km)

A Workstation operator is alerted and processes or
dismisses the alarm.

OperationalFireWatchsystems South Africa, Swaziland,
USA, Canada, Chile and Slovakia.



Cameras & Sensors

Examples

Libellium

A

Do o Io Do

Sensors that measure temperature, humidity and
several gases.

Optional Camera integrated

Thesystem analyzes the information and reacts
sending an alarm

GPSGPRS integrated thdelivers accurate position
and timeinformation

The range varies between 500m and 40km



Cameras & Sensors

Advantages/Disadvantages
Detection times (1220 min)
Location errors (4.8 km)

Omissions & false alarms
Human observers are faster ar -
accurate |

Fail to detect small fires
Importance of skilled operators

Costs and installation

Life span, node dependence (for sensors)

o To Io o To Do T I



Cameras & Sensors

Advantages/Disadvantages

Apparent base Apparent
of smoke location

e

Camera Fire
Erroneous location of fire when the fire is located behind a ridge
Smoke identified
by computer Apparent
location
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Camera Fire
Erroneous location of fire when the base of the smoke plume is not correctly identified.

Source: Matthews et al. 2009



Cameras & Sensors

Advantages/Disadvantages
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High monitoring frequency

Absence of tower staff (i.e. at night)

Data recording

Remote Locations and/or locations with high
value assets

Fillin blind spots in existing toweretworks
Sense additional information (e.g. weather)
Future developments are likely to improve
performance



How?

A Human observers: smoke detection

A Infrared imaging, can be performed day
and night;

A Often combined with visible light or NIR
cameras

A UAV: visual flame detection or thermal
cameras.



Airborne

Influencing Factors

A Camera/sensors performance
A Altitude

A Maneauvrability

A Atmospheric conditions

A Monitoring frequency

A Period of the day

A Fire intensity



Examples

A Phoenix line scan system, scans around 4500
per minute, detects hotspots using MIR and TI
bands as small as 15cm diameter (USFS)

A TIR cameras in the USFS Firewatch Cobra
helicopters for detection and mapping.

A Redeye system for helicoptebased detection
and monitoring

A AMSWildfire on a UAWith 12 spectrabands



Advantages/Disadvantages
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Maneuvrable, deployable, flexible
Expensive; Oportunistic detection

Require planning aerial detection patrols
More suitable for monitoring than detection

Depending on the altitude, can be unsuitable
to monitor large areas.

Free ground crews for other tasks when a fire
IS under survelillance (mepp)



Airborne

Advantages/Disadvantges

UAVs still havémited used in operational
context:

- Short endurance and range

- Stabllity and Safety

- On board processing

- Regulation of UAV flight remain unsolved



Airborne

Advantages/Disadvantges

UAVs have promising capabillities:

Combination of low with high altitude for
different objectives

Autonomy (precise or systematic flights)
Complement aircrafts and helicopters

Mop-up, nighttime, heavy smoke, low air
traffic



Satellite-based

How?

A Sensors that measu
reflectance In the
visible and infrared

A Atmospheric m
correction

A Algorithms to extract specific information
(active fire location; burned area)



Satellite-based

Sensors

Landsat

30m

Fire Detection and Monitoring

NPRVIIRS

375 m

MODIS

1 km

SEVIRI

4 km




