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(54) ADAPTIVE FIRE DETECTION

(57) A fire detection system (10) comprises a plurality
of smoke detectors (14) positioned for detection of smoke
within one or more smoke detection volumes (12a, 12b).
The fire detection system (10) is configured to monitor
occupancy of the smoke detection volumes (12a, 12b)
or to receive data indicative of occupancy of the smoke
detection volumes (12a, 12b), for example from an intru-

sion detection system (20). The fire detection system (10)
is configured to adjust a smoke sensitivity associated with
each of the smoke detectors (14) based on the occupan-
cy of the respective smoke detection volume (12a, 12b),
with the smoke sensitivity being decreased when the re-
spective smoke detection volume (12a, 12b) is occupied.



EP 3 813 032 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to fire detection,
and particularly to fire detection in a building using mul-
tiple smoke sensitivity levels.
[0002] Various methods exist for detection of fire, but
a common technique is by detection of smoke within the
building. A smoke detector has the purpose of reacting
to smoke and relaying this information either through a
built-in alarm or through an alarm of a fire control panel
connected to the smoke detector. For some types of fire
detection systems, it is possible to adjust the sensitivity
of the alarm’s responsiveness to smoke.
[0003] In some existing systems, the smoke sensitivity
is adjusted controlled using a timer. For example, the
smoke sensitivity may be set to a low level during the
day when usage of a space is typically higher, and to a
higher level overnight when usage is low. The reason for
this is that people in the vicinity of the smoke detector
cause pollution which can trigger false alarms.
[0004] At least the preferred embodiments of the
present disclosure seek to further improve upon such fire
detection systems.
[0005] Viewed from a first aspect, the present invention
provides a method comprising adjusting a smoke sensi-
tivity of a fire detection system based on occupancy of a
smoke detection volume associated with the fire detec-
tion system.
[0006] The fire detection system may comprise a
smoke detector, which may be provided within the smoke
detection volume. The smoke detector may detect a con-
centration of suspended particulates within the smoke
detection volume
[0007] The smoke sensitivity is a sensitivity of the fire
detection system to smoke within the smoke detection
volume.
[0008] The method may comprise triggering an action
by the fire detection system responsive to determining
that a level of particulates within the smoke detection
volume is above a threshold level. Adjusting the smoke
sensitivity may comprise adjusting this threshold.
[0009] The action may comprise triggering an audible
and/or visual alarm. Such alarms serve to alert occupants
of the need to evacuate. The action may comprise send-
ing an alert to an external recipient, such as to a system
operator and/or to a fire service provider or another ap-
propriate emergency service provider. The action may
comprise triggering a fire protection system or a fire sup-
pression system, optionally those associated with a spe-
cific smoke detection volume and/or an adjacent smoke
detection volume. Exemplary fire protection systems
may comprise fire door or fire barrier release systems or
other systems designed to inhibit progress of a fire. Ex-
emplary fire suppression systems may include wet or dry
sprinkler systems, or gaseous fire suppression systems.
[0010] The action may be triggered by the smoke de-
tector, i.e. the determination may be performed by inte-
gral processing logic within the smoke detector. Alterna-

tively, the alarm may be triggered by a fire control panel
associated with a plurality of discrete smoke detectors.
[0011] Wherein the sensitivity of the fire detection sys-
tem is increased when the smoke detection volume has
low or no occupancy, and wherein the sensitivity of the
smoke detector is reduced when the smoke detection
volume is occupied or has high occupancy.
[0012] Occupancy of the smoke detection volume may
be detected using a sensor positioned to monitor the
smoke detection volume. In this context, occupancy is
human occupancy, i.e. the presence and/or the number
of people within the smoke detection volume
[0013] The sensor may comprise an ambient light sen-
sor. The sensor may comprise a motion sensor. The sen-
sor may comprise an infrared light sensor, and preferably
a passive infrared light sensor. The sensor may comprise
a camera. Further exemplary sensors may include a mo-
tion sensor, a sound sensor such as an infrasound sensor
or an ultrasonic sensor, a microwave sensor, a radar sen-
sor, a photoelectric beam, and a carbon monoxide sen-
sor.
[0014] The sensor may be a sensor associated with
an intrusion detection system or with a lighting control
system or with an access control system. Alternatively,
the sensor may comprise part of the fire detection system.
Optionally, the sensor may be integral with a smoke de-
tector provided within the smoke detection volume.
[0015] The smoke detection volume is preferably lo-
cated within a building, and more preferably within a com-
mercial or industrial building.
[0016] Viewed from a second aspect, the present in-
vention provides a fire detection system comprising a
smoke detector for detecting smoke within a smoke de-
tection volume, wherein the fire detection system is con-
figured to receive occupancy data indicative of occupan-
cy of the smoke detection volume or monitor occupancy
of the smoke detection volume, and to adjust a smoke
sensitivity associated with the smoke detector based on
the occupancy of the smoke detection volume.
[0017] The smoke detector may be configured to de-
tect a concentration of suspended particulates within the
smoke detection volume.
[0018] The fire detection system may be configured to
trigger an action responsive to determining that a level
of particulates within the smoke detection volume is
above a threshold level. Adjusting the sensitivity may
comprise adjusting this threshold.
[0019] The action may comprise triggering an audible
and/or visual alarm. Such alarms serve to alert occupants
of the need to evacuate. The action may comprise send-
ing an alert to an external recipient, such as to a system
operator and/or to a fire service provider or another ap-
propriate emergency service provider. The action may
comprise triggering a fire protection system or a fire sup-
pression system, optionally those associated with a spe-
cific smoke detection volume and/or an adjacent smoke
detection volume. Exemplary fire protection systems
may comprise fire door or fire barrier release systems or
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other systems designed to inhibit progress of a fire. Ex-
emplary fire suppression systems may include wet or dry
sprinkler systems, or gaseous fire suppression systems.
[0020] The fire detection system may comprise a plu-
rality of smoke detectors. The plurality of smoke detec-
tors may each be associated with a common fire control
panel. The fire control panel may be configured to trigger
the action.
[0021] The smoke detector may integral processing
logic. The integral processing logic of the smoke detector
may be configured to trigger the action responsive to de-
termining that a level of particulates within the smoke
detection volume is above a threshold level. The action
may comprise triggering an alarm, which may be integral
with the smoke detector.
[0022] The fire detection system may be configured to
increase the smoke sensitivity when the smoke detection
volume has low or no occupancy, and the fire detection
system may be configured to decrease the smoke sen-
sitivity when the smoke detection volume is occupied or
has high occupancy.
[0023] The fire detection system may comprise an oc-
cupancy sensor, which may be configured to monitor oc-
cupancy of the smoke detection volume. The occupancy
sensor may be integral with the smoke detector, or may
be separate from the smoke detector.
[0024] The sensor may comprise an ambient light sen-
sor. The sensor may comprise a motion sensor. The sen-
sor may comprise an infrared light sensor, and preferably
a passive infrared light sensor. The sensor may comprise
a camera. Further exemplary sensors may include a mo-
tion sensor, a sound sensor such as an infrasound sensor
or an ultrasonic sensor, a microwave sensor, a radar sen-
sor, a photoelectric beam, and a carbon monoxide sen-
sor.
[0025] The fire detection system may be configured to
receive occupancy data from an intrusion detection sys-
tem or from a lighting control system or from an access
control system.
[0026] Viewed from a third aspect, the present inven-
tion provides a building comprising the smoke detection
volume and a fire detection system as set out above. The
fire detection system may comprise any one or more or
all of the optional features described above.
[0027] Optionally, the building may comprise an intru-
sion detection system or a lighting control system or an
access control system that is in communication with the
fire control system and/or is configured to supply occu-
pancy data to the fire control system.
[0028] The intrusion detection system or the lighting
control system or the access control system may com-
prise an occupancy sensor, which may be configured to
monitor occupancy of the smoke detection volume.
[0029] The sensor may comprise an ambient light sen-
sor. The sensor may comprise a motion sensor. The sen-
sor may comprise an infrared light sensor, and preferably
a passive infrared light sensor. The sensor may comprise
a camera. Further exemplary sensors may include a mo-

tion sensor, a sound sensor such as an infrasound sensor
or an ultrasonic sensor, a microwave sensor, a radar sen-
sor, a photoelectric beam, and a carbon monoxide sen-
sor.
[0030] The building is preferably a commercial or in-
dustrial building.
[0031] Viewed from a fourth aspect, the present inven-
tion provides a computer program product or a tangible
computer-readable medium storing a computer program
product, wherein the computer program product compris-
es computer-readable instructions that when executed
will cause a fire control system to perform any method
according to the first aspect.
[0032] Optionally, the computer-readable instructions
may cause the fire detection system to perform any one
or more or all of the optional steps described above.
[0033] Preferred embodiments of the present disclo-
sure will now be described in greater detail, by way of
example only and with reference to the accompanying
drawings, in which:

Figure 1 shows a fire detection system monitoring
two smoke detection volumes using different smoke
sensitivities; and

Figure 2 shows a smoke detector comprising an in-
tegral occupancy detection sensor.

[0034] A building having a fire detection system 10 typ-
ically comprises one or more smoke detection volumes
12. These may include substantially isolated volumes of
space within the building, such as rooms within the build-
ing, as well as non-delineated volume of space such as
part of a room within the building. Two rooms are illus-
trated as first and second smoke detection volumes 12a,
12b in Figure 1.
[0035] Within each smoke detection volume 12 is pro-
vided at least one smoke detector 14 - in the example
shown in Figure 1, three smoke detectors 14 are present
in each of the smoke detection volumes 12. A smoke
detector 14 is a device capable of detecting the presence
of smoke within its local vicinity. Many types of smoke
detector 14 exist, but are broadly classified as either ion-
isation smoke detectors or photoelectric smoke detec-
tors. Photoelectric smoke detectors are more commonly
used, but both types of smoke detector 14 are compatible
with the present disclosure. The manner of operation of
such smoke detectors 14 is well known to those in the
technical field, and will not be described in detail.
[0036] Each of the smoke detectors 14 associated with
the fire detection system 10 is in communication with a
fire control panel 16 of the fire detection system 14. Typ-
ically, this communication is via a wired network installed
within the building. However, wireless communication
may be used in some instances. The smoke detectors
14 each periodically transmit a level of particulates de-
tected within the respective smoke detection volume 12
to the fire control panel 16.
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[0037] The fire control panel 16 monitors the detected
level of particulates and determines whether or not it is
necessary to take one or more action. The action may
comprise triggering an audible and/or visual alarm within
the building. Such alarms serve to alert occupants of the
building of the need to evacuate. The action may com-
prise sending an alert to a recipient external to the build-
ing, such as to a building operator and/or to a fire service
provider or another appropriate emergency service pro-
vider. The action may comprise triggering a fire protection
system or a fire suppression system within the building,
optionally those associated with a specific smoke detec-
tion volume and/or nearby smoke detection volumes. Ex-
emplary fire protection systems may comprise fire door
or fire barrier release systems or other systems designed
to inhibit progress of a fire. Exemplary fire suppression
systems may include wet or dry sprinkler systems, or
gaseous fire suppression systems.
[0038] Whether an action needs to be taken is deter-
mined based on whether one or more action criteria are
met. That is to say, responsive to determining that an
action criterion is met, the fire control panel 16 will per-
form one or more action associated with that action cri-
terion.
[0039] The action criteria will usually include at least
the determination that any smoke detector 14 indicates
that a level of particulates within its smoke detection vol-
ume exceeds a respective threshold. Different thresholds
may be used for different smoke detectors 14, and the
threshold used for each smoke detector 14 may be based
on the smoke detection volume 12 being monitored by
that smoke detector 14.
[0040] In accordance with the following embodiments,
the threshold is a variable threshold, which is varied
based on an estimated occupancy of the smoke detection
volume 12 being monitored by that smoke detector 14.
Occupancy is intended to refer herein to the presence
(and optionally the number) of people within the smoke
detection volume 12.
[0041] In the most basic example, two thresholds may
be used. A low threshold is used when the smoke detec-
tion volume 12 is believed to be unoccupied (e.g. the first
smoke detection volume 12a), which corresponds to a
high sensitivity to smoke. A high threshold is used when
the smoke detection volume 12 is believed to be occupied
by at least one person (e.g. the second smoke detection
volume 12b), corresponding to a low sensitivity to smoke.
[0042] The presence of people within a smoke detec-
tion volume 12 can cause increased levels of pollution
within the smoke detection volume 12. Such pollution
primarily includes increased levels of dust and particulate
matter that is disturbed into the air due to movement of
those people. However, people can also introduce spe-
cific particulate pollution into the air within the smoke de-
tection volume 12. For example, by the use of aerosols,
the use of kettles or other steam sources, etc.
[0043] Thus, whilst the smoke detection volume 12 is
occupied, it is desirable to reduce the "smoke" sensitivity

of the fire detection system 10 to avoid false alarms. This
does mean that a real fire might proceed undetected by
the smoke detectors 14 of the fire detection system for
longer than it would at the higher smoke sensitivity set-
ting. However, when the smoke detection volume 12 is
occupied, it is expected that the occupants of the smoke
detection volume 12 would manually trigger the fire de-
tection system 10 in the event of a fire.
[0044] In the converse situation, when the smoke de-
tection volume 12 is unoccupied, the smoke sensitivity
can be increased so as to detect a real fire as soon as
possible. This is particularly important when the smoke
detection volume 12 is unoccupied because there would
be no occupants to manually trigger the fire detection
system 10 in the event of a fire.
[0045] In a more advanced example, more than two
thresholds may be used. For example, a low threshold
may be used when the smoke detection volume 12 is
believed to be unoccupied. A medium threshold is used
when the smoke detection volume 12 is believed to be
occupied by a small number of people. A high threshold
is used when the smoke detection volume 12 is believed
to be occupied by a large number of people.
[0046] The use of multiple thresholds advantageously
allows more precise control of the smoke sensitivity of
the fire detection system 10. This is useful because the
level of pollution will typically increase based on the
number of occupants of the smoke detection volume 12.
In this example, three thresholds are used, but it will be
appreciated that any number of thresholds may be used.
In a further example, the threshold may be determined
as a function of the estimated degree of occupancy of
the smoke detection volume 12.
[0047] The action criteria may additionally include a
determination that two or more smoke detectors 14 within
the same smoke detection volume 12 indicate that a level
of particulates within that smoke detection volume 12 ex-
ceeds a respective, second threshold. This second
threshold may be set to a lower level than the first thresh-
old discussed above. As above, however, the second
threshold may again be a variable threshold, which is
varied based on an estimated occupancy of the smoke
detection volume 12 being monitored by those smoke
detectors 14.
[0048] Whilst occupancy of a smoke detection volume
12 is expected to be the primary factor affecting the
threshold(s) used, other factors may also be taken into
account. For example, the threshold(s) may be adjusted
based on occupancy of an adjacent smoke detection vol-
ume 12, on the basis that the occupants and/or pollution
may move between smoke detection volumes 12.
[0049] Additionally, a time delay may be introduced be-
fore changing the smoke sensitivity of the fire detection
system 10, particularly before increasing the smoke sen-
sitivity following a reduction in occupancy of the smoke
detection volume 12. This provides time for any pollution
to subside before increasing the smoke sensitivity of the
fire detection system 10.
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[0050] Figure 1 illustrates an embodiment of the above
technique. In this embodiment, a fire control panel 16
receives smoke detection data from a plurality of smoke
detectors 14 positioned in two smoke detection volumes
12a, 12b. The fire control panel 16 is further in commu-
nication with an intrusion control panel 22 of an intrusion
detection system 20 of the building.
[0051] The intrusion detection system 20 comprises
sensors 24 within each of the smoke detection volumes
12 which are capable of detecting occupancy of the
smoke detection volumes 12. In this example, the sen-
sors 24 are illustrated as video cameras 24. However,
intrusion detection systems often use many other types
of sensor to detect occupancy of a space. Exemplary
sensors suitable for detection of occupancy may include
motion sensors, ambient light sensors, infrared sensors,
sound detectors such as infrasound sensors and ultra-
sonic sensors, microwave detectors, radar, photoelectric
beams, and carbon monoxide sensors.
[0052] The intrusion control panel 22 may transmit un-
processed sensor data to the fire control panel 16, or
may transmit processed data to the fire control panel 16.
The processed data may include, for example, an indi-
cation of whether each smoke detection volume 12 is
occupied or unoccupied, and optionally an estimate of
the number of occupants within each smoke detection
volume 12.
[0053] In response to the data received from the intru-
sion control panel 22, the fire control panel 16 may adjust
the smoke sensitivity for each of the smoke detection
volumes 12 as discussed above.
[0054] In the illustrated embodiment, the fire detection
system 10 and the intrusion detection system 20 are il-
lustrated as having separate control panels 16, 22. How-
ever, in some implementations, these systems 10, 20
may be combined as an integrated security system pro-
viding both fire detection and intrusion detection func-
tions, which may optionally have a single, integrated se-
curity control panel.
[0055] In further embodiments, the fire control panel
16 may utilise sensors that do not form part of the intru-
sion control system 20. That is to say, the fire detection
system 10 may be provided with sensors (not shown)
within some or all of the smoke detection volumes 12
which are capable of detecting occupancy of the respec-
tive smoke detection volumes 12. Such sensors may in-
clude any of the exemplary sensors discussed above.
[0056] In a further embodiment, the fire control panel
16 may receive data from a lighting control system of the
building (not shown). Typically, when a space within a
building is occupied, the occupant will turn the lights on,
and when the occupant leaves they will turn the lights
off. Thus, the lighting control system may provide an in-
dication of occupancy of a smoke detection volume 12.
[0057] Furthermore, some lighting control systems
may include occupancy sensors for controlling the light-
ing within the building. The data from such occupancy
sensors may be provided to the fire control panel 16.

[0058] Alternatively, where interaction between the
lighting control system and the fire detection system is
not possible, a similar effect can be achieved by providing
ambient light sensors within the smoke detection vol-
umes 12. The ambient light sensors measure whether
lights within the smoke detection volume are switched
on or not, which provides an indication of whether the
smoke detection volume is occupied.
[0059] In yet a further embodiment, the fire control sys-
tem may receive data from an access control system of
the building (not shown). The access control system may
monitor entry and/or exit of personnel into and out of one
or more a smoke detection volume(s) 12, so as to thereby
provide an estimation of the number of people within the
smoke detection volume(s) 12.
[0060] The access control system may comprise one
or more access control barriers, such as doors, gates,
turnstiles. The access control barriers may be capable
of monitoring access therethrough, or may be accompa-
nied by access validation units, such as a keypad for
entering a password or a device capable of reading bio-
metric data or an access control token. Exemplary ac-
cess control tokens may include badges, cards, keys,
key fobs, and the like. The building access control system
may also include one or more of the sensors discussed
above, such as cameras, PIR sensors, etc.
[0061] The access control system may comprise an
access control panel receiving data from the access con-
trol barriers and/or access validation units. The building
access control panel may transmit the data to the fire
control panel, or the control panels may be integrated
with one another.
[0062] Figure 2 illustrates an embodiment of a smoke
detector 30 that may be used in combination with the fire
control panel discussed above.
[0063] The smoke detector 30 comprises a smoke sen-
sor 32 and an occupancy sensor 34. The smoke sensor
32 is capable of detecting a level of particulates within
the vicinity of the smoke detector 30, and may be either
an ionisation smoke sensor or photoelectric smoke sen-
sor. The occupancy sensor 34 is capable of detecting
the presence of people within the vicinity of the smoke
detector 30.
[0064] In the illustrated example, the occupancy sen-
sor 34 comprises a passive infrared (PIR) sensor and an
ambient light sensor. The use of two different occupancy
sensors 34 provided on the smoke detector 30 can im-
prove the accuracy of the detection of people within the
vicinity of the smoke detector 30. It will be appreciated
that, in alternative embodiments only a single sensor may
be used in the occupancy sensor 34, or that the occu-
pancy sensor 34 may comprise any one or more of the
sensors discussed above.
[0065] The smoke detector 30 may be provided within
a smoke detection volume 12 of the fire detection system
10. In one embodiment, the smoke detector 30 periodi-
cally transmits a level of particulates detected within a
respective smoke detection volume to the fire control
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panel 16, as well as an estimated occupancy of the
smoke detection volume 12. The fire control panel 16
can then make an assessment as to whether action is
required.
[0066] In an alternative embodiment, the smoke de-
tector 30 may be capable of independently assessing
whether action is required. For example, the smoke de-
tector 30 may be capable of determining that the level of
particulates within its smoke detection volume 12 ex-
ceeds a respective threshold, where the threshold is de-
termined as discussed above based on occupancy de-
termined by the occupancy sensor.
[0067] The action taken by the smoke detector 30 may
comprise transmitting an alert to the fire control panel 16.
The fire control panel 16 may then determine whether
further action is required.
[0068] The action taken by the smoke detector 30 may
comprise triggering an audible and/or visual alarm, which
may be integrally provided within the smoke detector 30.
That is to say, the smoke detector 30 may be a self-
contained unit that is capable of operation independent
of the fire control panel 16, i.e. a fire detection system 10
may comprise only a single smoke detector 30 without a
fire control panel 16.
[0069] The above described fire detection systems 10
are particularly applicable to commercial or industrial
buildings, especially where parts of the building will
spend large amounts of time unoccupied. However, it will
be appreciated that the techniques described herein are
not limited to such applications and may be employed in
fire detection systems used for other types of building,
such as residential buildings, or indeed to fire detection
systems employed in other environments such as in ve-
hicles or shipping containers.

Claims

1. A method comprising adjusting a smoke sensitivity
of a fire detection system based on occupancy of a
smoke detection volume associated with the fire de-
tection system.

2. A method according to claim 1, further comprising
triggering an action by the fire detection system re-
sponsive to determining that a level of particulates
within the smoke detection volume is above a thresh-
old level.

3. A method according to claim 2, wherein the threshold
is decreased when the smoke detection volume has
low or no occupancy, and wherein the threshold is
increased when the smoke detection volume is oc-
cupied or has high occupancy.

4. A method according to any preceding claim, wherein
occupancy of the smoke detection volume is detect-
ed using a sensor positioned to monitor the smoke

detection volume, preferably wherein the sensor is
one of an ambient light sensor, an infrared light sen-
sor, a motion sensor, and a camera.

5. A method according to claim 4, wherein the sensor
is associated with an intrusion detection system or
an access control system.

6. A method according to claim 4, wherein the sensor
is integral with a smoke detector provided within the
smoke detection volume.

7. A method according to any preceding claim, wherein
the smoke detection volume is located within build-
ing, and preferably a commercial or industrial build-
ing.

8. A fire detection system comprising a smoke detector
for detecting smoke within a smoke detection vol-
ume, wherein the fire detection system is configured
to receive occupancy data indicative of occupancy
of the smoke detection volume or monitor occupancy
of the smoke detection volume, and to adjust a
smoke sensitivity associated with the smoke detec-
tor based on the occupancy of the smoke detection
volume.

9. A fire detection system according to claim 8, wherein
the fire detection system is configured to trigger an
action responsive to determining that a level of par-
ticulates within the smoke detection volume is above
a threshold level.

10. A fire detection system according to claim 9, wherein
the fire detection system comprises a fire control
panel, and wherein the fire control panel is config-
ured to trigger the action.

11. A fire detection system according to claim 9, wherein
the smoke detector comprises an integral alarm and
integral processing logic, and wherein the integral
processing logic of the smoke detector is configured
to trigger the alarm responsive to determining that a
level of particulates within the smoke detection vol-
ume is above a threshold level.

12. A fire detection system according to claim 9, 10 or
11, wherein the threshold is decreased when the
smoke detection volume has low or no occupancy,
and wherein the threshold is increased when the
smoke detection volume is occupied or has high oc-
cupancy.

13. A fire detection system according to any of claims 8
to 12, wherein the fire detection system is configured
to monitor occupancy using an occupancy sensor
that is integral with the smoke detector.
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14. A fire detection system according to any of claims 8
to 12, wherein the fire detection system is configured
to receive occupancy data from an intrusion detec-
tion system.

15. A computer program product or a tangible computer-
readable medium storing a computer program prod-
uct, wherein the computer program product compris-
es computer-readable instructions that when exe-
cuted will cause a fire detection system to perform
any method according to any of claims 1 to 8.
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