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VEHICLE COMPARTMENT

(567)  Afire detection, localization and monitoring sys-
tem for a vehicle compartment, in particular of an aircraft,
comprises a thermal imaging camera configured to pro-
vide thermal monitoring data on heat sources within a
monitored area of the vehicle compartment; an optical
camera configured to provide visual monitoring data of
the monitored area; and a system control configured to
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analyze the thermal monitoring data and to determine
temperature hot spots indicating a potential fire within
the monitored area based on the analyzed thermal mon-
itoring data, wherein the system control is further config-
ured to provide a visual indication of determined temper-
ature hot spots within the visual monitoring data.
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Description

[0001] The present invention pertains to a fire detec-
tion, localization and monitoring system and method for
a vehicle compartment, in particular of an aircraft.
[0002] Aircraft systems for the detection of fire in pres-
surized compartments of a fuselage typically rely on
smoke detectors, which are usually based on optical light
scattering technologies. More recent smoke detectors
implement smart sensors employing multi-wavelength
detection, temperature evaluation and/or humidity as-
sessment.

[0003] However, if the fire source is somehow hidden
within the compartment, e.g. behind alining/ceiling panel,
a monument wall or the like, and/or if the fire is still at a
very early stage and thus not well detectable, such con-
ventional systems may not be as effective. Thermal im-
aging cameras could provide an interesting alternative
or addition in this regard, as such hidden fires may be
detectable by their heat signature. However, thermal im-
ages can be difficult to interpret. Moreover, the spatial
relationship between a thermal image and the three-di-
mensional environment of the compartment may be un-
clear.

[0004] Against this background, it is an object of the
present invention to find fast and precise solutions for
locating fires in a vehicle compartment independent of
smoke development.

[0005] This object is achieved by a fire detection, lo-
calization and monitoring system having the features of
claim 1, an aircraft having the features of claim 9 and a
method having the features of claim 10.

[0006] According to the invention, a fire detection, lo-
calization and monitoring system for a vehicle compart-
ment, in particular of an aircraft, comprises a thermal
imaging camera configured to provide thermal monitor-
ing data on heat sources within a monitored area of the
vehicle compartment; an optical camera configured to
provide visual monitoring data of the monitored area; and
a system control configured to analyze the thermal mon-
itoring data and to determine temperature hot spots in-
dicating a potential fire within the monitored area based
on the analyzed thermal monitoring data, wherein the
system control is further configured to provide a visual
indication of determined temperature hot spots within the
visual monitoring data.

[0007] Further according to the invention, an aircraft
comprises a fire detection, localization and monitoring
system according to the invention.

[0008] Further according to the invention, a method for
fire detection, localization and monitoring in a vehicle
compartment, in particular of an aircraft, comprises pro-
viding thermal monitoring data on heat sources within a
monitored area of the vehicle compartment with a thermal
imaging camera; providing visual monitoring data of the
monitored area with an optical camera; analyzing the
thermal monitoring data and determining temperature
hot spots indicating a potential fire within the monitored
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area based on the analyzed thermal monitoring data with
a system control; and providing a visual indication of de-
termined temperature hot spots within the visual moni-
toring data with the system control.

[0009] Thus, oneidea ofthe presentinventionisto use
the information provided by a thermal imaging camera,
in particular infrared imaging data, to detect the source
of a hidden fire that may not be immediately detectable
in case of more conventional approaches based on
smoke detection. As it is known to be difficult to visually
extract spatial references from a thermal image and thus
to determine based on a thermal image where a dedicat-
ed area can be found exactly in the real environment, the
present invention accompanies the thermal imaging
camera with an optical camera. Any hot spot detected
within the thermal images can now be indicated by the
system control by means of a corresponding visual indi-
cation on the respective images of the optical camera
and can thus be localized and monitored within the com-
partment. To this end, the optical camera monitors sub-
stantially the same area as the thermal imaging camera.
The visual indication itself may be, for example, a rec-
tangle, circle or other geometric object that is overlayed
on the visualimages at the corresponding spatial position
of the detected hot spot. However, in principle, any other
form of highlighting a spatial origin of a fire within a visual
image may be used for this purpose. With the help of the
present invention, it is possible to locate the source of a
fire more quickly and more precisely, even under stress.
Thus, remedial actions may be initiated faster and more
effectively.

[0010] Insome embodiments of the inventions, one or
both of the cameras may be permanently installed within
the respective vehicle compartment. However, it is to be
understood that one or both cameras, as well as the fur-
ther components of the invention, may also be realized
as one or several portable devices.

[0011] Advantageous embodiments and improve-
ments of the present invention are found in the subordi-
nate claims.

[0012] According to an embodiment of the invention,
the thermal imaging camera and the optical camera may
be configured to provide their respective monitoring data
as live video images of the monitored area. The system
control may then be configured to lay the visual indication
over the live video images of the optical camera.

[0013] Hence, unusual temperature hot spots and po-
tential hidden fires may be spotted in real time, e.g. in a
cabin compartment of an aircraft. To this end, the cam-
eras may be positioned at a suitable position anywhere
in the compartment where they can monitor at least a
certain area of the compartment. It is to be understood
that several pairs of cameras may be used to monitor
one or several compartments in order to achieve a sub-
stantially complete coverage of the respective portions
of a vehicle.

[0014] According to an embodiment of the invention,
the system control may be communicatively coupled to



3 EP 4 270 345 A1 4

or integrated in a display configured to display at least
the live video images of the optical camera including the
overlayed visual indication.

[0015] Such a display may be installed, for example,
outside of the respective compartment, e.g. in a control
room of the vehicle. For example, a passenger aircraft
may comprise one or several displays within the cockpit
continuously monitoring the passenger compartment of
the aircraft from one or several viewing directions/angles.
In this case, the crew can instantly perceive any occur-
rence of a (potential) hidden fire and/or or can crosscheck
fire alarms raised by a conventional smoke detector or
other fire detection device.

[0016] According to an embodiment of the invention,
the display may be integrated in a mobile device.
[0017] The mobile device may be, forexample, a tablet
or other portable computer that is carried by the crew of
the respective vehicle, by which means the crew can ver-
ify potential fires swiftly at any point in time no matter
where they are currently positioned within the vehicle.
To this end, it is also possible to integrate one or both
cameras within the respective mobile device. In this case,
the crew can thus move around the compartment and
point the device at the respective area of the compart-
ment to be checked for a potentially arising fire.

[0018] According to an embodiment of the invention,
the system control may be configured to analyze the ther-
mal monitoring data based on Al and/or machine learning
algorithms to detect and localize the temperature hot
spots in the thermal monitoring data.

[0019] Such modern data analysis algorithms may lo-
calize the exact position of the hidden fire by analyzing
the respective thermal (video) images and/or thermal da-
ta.

[0020] The processing of these algorithms may then
cause the rendering of a label, indicator and/or other vis-
ual indication within the visual (video) images of the re-
spective optical camera. The visual (video) images may
then be displayed together with the visual indication on
a display/monitor in real time.

[0021] According to an embodiment of the invention,
the system control may be configured to analyze thermal
data of individual pixels within live video images of the
thermal imaging camera.

[0022] The person of skill will readily conceive suitable
analysis algorithms to extract temperature hot spots from
the thermal imaging data. For example, one or several
temperature thresholds may be used in order to define
a temperature hot spot and corresponding alarming tem-
perature characteristics. Such thresholds may be defined
for individual pixels or groups of pixels.

[0023] According to an embodiment of the invention,
the system control may be configured to evaluate a crit-
icality of each determined hot spot based on vehicle con-
figuration data characterizing sensitive vehicle systems
and/or sensitive cargo within the monitored area.
[0024] For example, critical vehicle systems, electric
systems and/or wiring or the like installed at or close to
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the temperature hot spot and thus the potential fire could
be taken into account in this embodiment. The system
control may then be able to assess how critical the tem-
perature development is at the respective position and
whether certain systems and/or components may need
to be switched off and/or shut down to facilitate adequate
remedial procedures. In a similar vein, sensible cargo
present at or near the respective temperature hot spot
may be considered for the further procedure.

[0025] Tothisend,the system control may alsobe con-
figured to employ Al and/or machine learning algorithms
that take into account the further vehicle configuration
data.

[0026] According to an embodiment of the invention,
the system control may be configured to transmit infor-
mation about the determined temperature hot spots to a
remote entity.

[0027] For example, data such a position and affected
systems/cargo could be transmitted remotely to a control
station, a ground station or the like. In that vein, firefight-
ing measures could be immediately started as soon as
an affected aircraft is back down on the ground.

[0028] The invention will be explained in greater detail
with reference to exemplary embodiments depicted in
the drawings as appended.

[0029] The accompanying drawings are included to
provide a further understanding of the present invention
and are incorporated in and constitute a part of this spec-
ification. The drawings illustrate the embodiments of the
present invention and together with the description serve
to explain the principles of the invention. Other embodi-
ments of the present invention and many of the intended
advantages of the present invention will be readily ap-
preciated as they become betterunderstood by reference
to the following detailed description. The elements of the
drawings are not necessarily to scale relative to each
other. In the figures, like reference numerals denote like
or functionally like components, unless indicated other-
wise.

[0030] Fig. 1 shows a schematic view of a fire detec-
tion, localization and monitoring system according to an
embodiment of the invention.

[0031] Fig. 2 schematically depicts a flow diagram of
afire detection, localization and monitoring method using
the system of Fig. 1.

[0032] Fig. 3 is a schematic depiction of thermal and
visual monitoring data employed by the system and
method of Figs. 1 and 2.

[0033] Fig. 4 is a front view of a mobile device imple-
menting the system and method of Figs. 1 and 2.
[0034] Fig. 5is a passenger aircraft equipped with the
system of Fig.1.

[0035] Although specific embodiments are illustrated
and described herein, it will be appreciated by those of
ordinary skill in the art that a variety of alternate and/or
equivalent implementations may be substituted for the
specific embodiments shown and described without de-
parting from the scope of the present invention. Gener-
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ally, this application is intended to cover any adaptations
or variations of the specific embodiments discussed
herein.

[0036] Figure 1 shows a schematic view of a fire de-
tection, localization and monitoring system 10 according
to an embodiment of the invention. Fig. 2 depicts the
steps of a corresponding method M.

[0037] The fire detection, localization and monitoring
system 10 is provided to monitor a vehicle compartment,
e.g. a passenger cabin of a passenger aircraft 100 as
exemplarily depicted in Fig. 5, in order to determine po-
tential fires that may (still) be hidden for normal smoke
detectors and other conventional fire detection means.
[0038] To thisend, the present system 10 provides two
cameras 1, 2: a thermal imaging camera 1 configured to
provide thermal monitoring data 1a on heat sources with-
in a monitored area 5 of the vehicle compartment and an
optical camera 2 configured to provide visual monitoring
data 2a of the monitored area 5. Both cameras 1, 2 are
configured to provide their respective monitoring data 1a,
2a as live video images of the monitored area 5. The
thermal imaging camera 1 is provided to detect sources
of hidden fires within the monitored area. The optical
camera 2 on the other hand is provided to visualize the
actual position of the hidden fire within the compartment
in a vein that can be comprehended by the crew.
[0039] To accomplish this, the system 10 further com-
prises a system control 3 configured to analyze the ther-
mal monitoring data 1a and to determine temperature
hot spots 4 indicating a potential fire within the monitored
area 5 based on the analyzed thermal monitoring data
1a. The system control 3 is then configured to provide a
visual indication 6 of determined temperature hot spots
4 within the visual monitoring data 2a.

[0040] An example for this is shown in Fig. 3. Here, a
temperature hot spot 4 is detected within the video feed
of the thermal monitoring data 1a, e.g. at the ceiling of a
passenger cabin (left of Fig. 3). The system control 3 now
highlights the corresponding position in the compartment
as a visual indication 6 within the video feed of the visual
monitoring data 2a, e.g. as a highlighted and/or colored
and/or blinking rectangle around the actual position of
the temperature hotspot 4 within the visual image (right
side of Fig. 3).

[0041] The method M of Fig. 2 thus correspondingly
comprises under M1 providing thermal monitoring data
1a on heat sources within a monitored area 5 of the ve-
hicle compartment with the thermal imaging camera 1.
The method M further comprises under M2 providing vis-
ual monitoring data 2a of the monitored area 5 with the
optical camera 2. The method M further comprises under
M3 analyzing the thermal monitoring data 1a and deter-
mining temperature hot spots 4 indicating a potential fire
within the monitored area 5 based on the analyzed ther-
mal monitoring 1a data with the system control 3. The
method M finally comprises under M4 providing a visual
indication 6 of determined temperature hot spots 4 within
the visual monitoring data 2a with the system control 3.
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[0042] The system control 3 may be configured to an-
alyze the thermal monitoring data 1a based on Al and/or
machine learning algorithms 9 to detect and localize the
temperature hot spots 4 in the thermal monitoring data
1a. This can be done, for example, by running such ad-
vanced algorithms on the thermal video images them-
selves and/or the thermal data of the individual pixels of
each such image.

[0043] The system control 3 may further be configured
to evaluate a criticality of each determined hot spot 4
based on vehicle configuration data 11 characterizing
sensitive vehicle systems and/or sensitive cargo within
the monitored area. Also in this case the system control
3 may rely on Al and/or machine learning tools in order
to extract and evaluate any relevant information (cf. Fig.
1).

[0044] The analysis results may not only be used to
provide the visual indication 6 within the visual monitoring
data 2a. In addition, the system control 3 may transmit
information about the determined temperature hot spots
4 and/or the assessed criticality as well as the affected
vehicle systems and/or cargo to a remote entity 12, e.g.
a ground station (cf. Fig. 1). In this case, any necessary
remedial procedures may be swiftly and effectively pre-
pared on board of the aircraft as well as on the ground.
[0045] The cameras 1, 2 may be installed within the
vehicle compartmentforthe present purpose in a suitable
position with a good field of view on any relevant portions
of the compartment. The system control 2 may then be
communicatively coupled to and/or integrated in adisplay
7 to display at least the live video images of the optical
camera 2 including the overlayed visual indication 6.
[0046] Such adisplay 7 may, for example, be installed
within a cockpit of the aircraft 100. Alternatively, or addi-
tionally, the display 7 may also be integrated in a mobile
device 8, e.g. a tablet or another handheld crew device.
An example for such a device 8 is shown in Fig. 4.
[0047] In case of such a mobile device 8, also one or
both of the cameras 1, 2 may in principle be integrated
in the device 8. In this case, a member of the crew may
walk around the compartment and point the respective
device 8 at various portions of the compartment in order
to check for potential hidden fires and receive feedback
on any detected hot spot.

[0048] In the foregoing detailed description, various
features are grouped together in one or more examples
or examples with the purpose of streamlining the disclo-
sure. ltis to be understood that the above description is
intended to be illustrative, and not restrictive. It is intend-
ed to cover all alternatives, modifications and equiva-
lents. Many other examples will be apparent to one skilled
in the art upon reviewing the above specification. The
embodiments were chosen and described in order to best
explain the principles of the invention and its practical
applications, to thereby enable others skilled in the art to
best utilize the invention and various embodiments with
various modifications as are suited to the particular use
contemplated.
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List of reference signs

[0049]

1 thermal imaging camera

1a thermal monitoring data

2 optical camera

2a visual monitoring data

3 system control

4 temperature hot spot

5 monitored area

6 visual indication

7 display

8 mobile device

9 Al and/or machine learning algorithm

10 fire detection, localization and monitoring sys-
tem

11 vehicle configuration data

12 remote entity

100 aircraft

M method

M1-M4  method steps

Claims

1. Fire detection, localization and monitoring system

2,

(10) for a vehicle compartment, in particular of an
aircraft (100), comprising:

athermal imaging camera (1) configured to pro-
vide thermal monitoring data (1a) on heat sourc-
es within a monitored area (5) of the vehicle com-
partment;

an optical camera (2) configured to provide vis-
ual monitoring data (2a) of the monitored area
(5); and

a system control (3) configured to analyze the
thermal monitoring data (1a) and to determine
temperature hot spots (4) indicating a potential
fire within the monitored area (5) based on the
analyzed thermal monitoring data (1a), wherein
the system control (3) is further configured to
provide avisual indication (6) of determined tem-
perature hot spots (4) within the visual monitor-
ing data (2a).

Fire detection, localization and monitoring system
(10) according to claim 1, wherein the thermal imag-
ing camera (1) and the optical camera (2) are con-
figured to provide their respective monitoring data
(1a, 2a) as live video images of the monitored area
(5), wherein the system control (3) is configured to
lay the visual indication (6) over the live video images
of the optical camera (2).

Fire detection, localization and monitoring system
(10) according to claim 2, wherein the system control
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10.

(3) is communicatively coupled to or integrated in a
display (7) configured to display at least the live video
images of the optical camera (2) including the over-
layed visual indication (6).

Fire detection, localization and monitoring system
(10) according to claim 3, wherein the display (7) is
integrated in a mobile device (8).

Fire detection, localization and monitoring system
(10) according to one of the claims 1 to 4, wherein
the system control (3) is configured to analyze the
thermal monitoring data (1a) based on Al and/or ma-
chine learning algorithms (9) to detect and localize
the temperature hot spots (4) in the thermal moni-
toring data (1a).

Fire detection, localization and monitoring system
(10) according to one of the claims 1 to 5, wherein
the system control (3) is configured to analyze ther-
mal data of individual pixels within live video images
of the thermal imaging camera (1).

Fire detection, localization and monitoring system
(10) according to one of the claims 1 to 6, wherein
the system control (3) is configured to evaluate a
criticality of each determined hot spot (4) based on
vehicle configuration data (11) characterizing at
least one of sensitive vehicle systems and sensitive
cargo within the monitored area (5).

Fire detection, localization and monitoring system
(10) according to one of the claims 1 to 7, wherein
the system control (3) is configured to transmit infor-
mation about the determined temperature hot spots
(4) to a remote entity (12).

Aircraft (100) having a fire detection, localization and
monitoring system (10) according to one of the
claims 1 to 8.

Method (M) for fire detection, localization and mon-
itoring in a vehicle compartment, in particular of an
aircraft (100), comprising:

providing (M1) thermal monitoring data (1a) on
heat sources within a monitored area (5) of the
vehicle compartment with a thermal imaging
camera (1);

providing (M2) visual monitoring data (2a) of the
monitored area (5) with an optical camera (2);
analyzing (M3) the thermal monitoring data (1a)
and determining temperature hot spots (4) indi-
cating a potential fire within the monitored area
(5) based on the analyzed thermal monitoring
(1a) data with a system control (3); and
providing (M4) a visual indication (6) of deter-
mined temperature hot spots (4) within the visual
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monitoring data (2a) with the system control (3).

Method (M) according to claim 10, wherein the re-
spective monitoring data (1a, 2a) are provided as
live video images of the monitored area (5), wherein
the visual indication (6) is laid over the live video
images of the optical camera (2), wherein at least
the live video images of the optical camera (2) in-
cluding the overlayed visual indication (6) are dis-
played on a display (7).

Method (M) according to claim 10 or 11, wherein the
thermal monitoring data (1a) are analyzed by the
system control (3) based on Al and/or machine learn-
ing algorithms (9) to detect and localize the temper-
ature hot spots (4) in the thermal monitoring data
(1a).

Method (M) according to one of the claims 10 to 12,
wherein thermal data of individual pixels within live
video images of the thermal imaging camera (2) are
analyzed by the system control (3).

Method (M) according to one of the claims 10 to 13,
wherein a criticality of each determined hot spot (4)
is evaluated by the system control (3) based on ve-
hicle configuration data (11) characterizing at least
one of sensitive vehicle systems and sensitive cargo
within the monitored area (5).

Method (M) according to one of the claims 10 to 14,
wherein information about the determined tempera-
ture hot spots (4) are transmitted by the system con-
trol (3) to a remote entity (12).
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Fig. 5
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