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(54) APPARATUS FOR MONITORING ATMOSPHERIC CHARACTERISTICS AND DETECTING 
FIRES

(57) An apparatus for monitoring atmospheric char-
acteristics and detecting fires, including an electronic unit
provided with a means for detecting the presence of
smoke in an environment to be protected, a means for
detecting the quantity of carbon monoxide, and a means
for detecting the temperature. The particularity of the ap-
paratus resides in that the electronic unit furthermore in-
cludes a partial or complete combination of means for

detecting the quantity of oxygen, means for detecting the
relative humidity, means for detecting the differential
pressure, means for detecting the carbon dioxide and
means for detecting the quantity of volatile organic com-
pounds (VOCs) present in the environment; the electron-
ic unit, with all the related detection means, is operatively
connectable to a remote central control unit and can be
supplied by means of a power source.
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Description

[0001] The present invention relates to an apparatus
for monitoring atmospheric characteristics and for the si-
multaneous detection of fires.
[0002] Currently, in the field of fire prevention, the state
of the art of smoke sensors is represented by so-called
"multiple spot sensors", i.e., apparatuses that have a
combination of some or all of a smoke sensor, a carbon
monoxide sensor and a temperature sensor.
[0003] Those multiple spot sensors have the advan-
tage of a better detection because of the combined as-
sessment of any presence of smoke, of the temperature
variation and, in some cases (fire from materials which
also generate carbon monoxide), also the variation of the
level of carbon monoxide in the atmosphere proximate
to the fire.
[0004] The combined analysis of these values in fact
is able to better discriminate false alarms, for example
caused by the lighting of a cigarette and/or a cigar, and
to identify earlier the outbreak of a fire.
[0005] It is also known that a new sector of fire preven-
tion, based on the creation of hypo-oxygenated normo-
baric environments, exists and is becoming increasingly
important. In said environments the risk of fire is com-
pletely eliminated simply by lowering the level of oxygen
below the ignition threshold of the material to be protect-
ed.
[0006] Currently, international European standards
(Austrian ONORM and British BAS), as well as the state
of the art, provide for the installation of oxygen sensors
and smoke sensors for controlling said environments.
Said sensors are distributed appropriately inside the en-
vironment to be monitored, so as to be able to monitor
and control both the conditions of the environment to be
preserved safely, i.e., the level of the oxygen that must
be kept below the ignition level of the material to be pre-
served in the room, and the "failure" condition of the pro-
tection system.
[0007] A failure of the oxygen control system might in
fact lead to the need to temporarily place out of service
the oxygen reduction system, consequently eliminating
its protective prevention effect; obviously, in this case
any outbreak of fire, which in this situation of temporary
halting of the active protection system potentially might
occur, must be detectable by means of the smoke sen-
sors.
[0008] The systems briefly described above, despite
being increasingly widespread in the field of fire preven-
tion, are not free from drawbacks, which include the fact
that the oxygen sensors and the smoke sensors are not
integrated within the same apparatus and therefore re-
quire separate installation and maintenance.
[0009] Moreover, those sensors do not talk to each oth-
er and do not work is synergy.
[0010] It should also be noted that the apparatuses
used in fire prevention systems of the known type do not
consider the quality of the air inside the protected rooms

or other atmospheric parameters such as, for example,
relative humidity and/or carbon dioxide, which are in-
stead important atmospheric parameters within sealed
environments in which humans stay and which in any
case can, upon detection, contribute to improve the qual-
ity of the detection of an outbreak of a fire.
[0011] One should consider, moreover, that no com-
mercially available fire prevention apparatus, despite be-
ing related to safety systems, uses functional security
logic criteria, which would ensure its correct operation
even in the presence of failures of the individual sensors.
[0012] Commercially available apparatuses and sen-
sors, despite being safety devices, in fact are not redun-
dant, which poses the serious problem that if a sensor
or a measurement apparatus arranged inside a room fail,
they are no longer capable of detecting and providing
information on the state of safety of the monitored
point/region and the room being controlled, in order to
assess its own state of safety, must temporarily (until the
sensor is replaced and/or repaired) rely only on the in-
formation that arrives from the other sensors, which how-
ever are far from the region being considered.
[0013] It goes without saying that this might be a severe
problem, since in case of a catastrophic event the inertia
of the system in detecting the event would be increased
considerably, with a corresponding increase in damage.
[0014] Regarding the various types of sensor used,
and in particular oxygen sensors, it is noted that the state
of the art is currently represented by zirconium oxide sen-
sors or sensors of the electrochemical type.
[0015] Zirconium oxide sensors are not particularly
suitable to work in low-temperature environments, such
as subzero storage areas, their electrical consumption
is remarkable and they reach high temperatures during
their operation, consequently requiring the use of me-
chanical solutions, insulations and particular distances
from the rest of the sensors and of the control electronics
to avoid influencing the behavior of parts of the system.
Electrochemical sensors considerably drift over time,
which forces frequent calibration of the measurement
systems that use them, and have a relatively short life
(2-5 years), which requires their replacement once they
are depleted.
[0016] Also electrochemical sensors cannot be used
in low-temperature environments, unless they are pro-
vided with thermostat-controlled heating elements.
[0017] US5486811 discloses an early fire detection
and extinguishment system having a plurality of fire de-
tection units, each associated with a localized portion of
a protected space and including condition sensors spe-
cifically appropriate to the environment of that localized
portion of a protected space by a selected combination
of condition sensors. A fire alarm annunciator and a con-
trolled fire extinguishment system portion, or a stand-
alone fire extinguishment system, is provided for each
fire detection unit. A central control unit includes a profile
detector which evaluates outputs of one or more condi-
tion sensors over time to reduce false alarm rates while
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increasing sensitivity to early stage fires. US5486811
does not address the problem of the air quality inside the
protected rooms, in which humans stay and which con-
tributes to improve the quality of the detection of a fire
outbreak.
[0018] WO2009024774 discloses a gas sensor and a
method of operating the gas sensor with reduced energy
requirements.
[0019] The aim of the invention is therefore to solve
the problems described above, providing an apparatus
for monitoring atmospheric characteristics and for detect-
ing fires that performs a complete analysis of the atmos-
phere of an environment to be preserved in safety.
[0020] Within the scope of this aim, a particular object
of the invention is to provide an apparatus that is capable
not only of detecting the oxygen level inside an environ-
ment but also allows better and more effective manage-
ment/detection of the fire outbreaks with respect to the
current state of the art, together with the management of
the quality of the air inside these protected confined spac-
es.
[0021] Another object of the invention is to provide an
apparatus wherein it is possible to choose the number
and type of sensors to be installed.
[0022] Another object of the present invention is to pro-
vide oxygen sensors which are innovative with respect
to the state of the art and are not affected by the problems
mentioned above with respect to zirconium oxide and
electrochemical sensors.
[0023] Another object of the invention is to provide an
apparatus that is capable of implementing functional
safety logic criteria, which allow the apparatus to ensure
usability of the information and safety even in case of a
partial failure of the apparatus.
[0024] Another object of the invention is to provide an
apparatus that can have a "spot" or "suction" use.
[0025] This aim, these objects and others which will
become better apparent hereinafter are achieved by an
apparatus for monitoring atmospheric characteristics
and detecting fires, including an electronic unit provided
with a means for detecting the presence of smoke in an
environment to be protected, a means for detecting the
quantity of carbon monoxide present in the environment,
and a means for detecting the temperature present in the
environment; the apparatus being characterized in that
the electronic unit furthermore includes a partial or com-
plete combination of means for detecting the quantity of
oxygen present in the environment, means for detecting
the relative humidity present in the environment, means
for detecting the differential pressure present in the en-
vironment, means for detecting the carbon dioxide
present in the environment and means for detecting the
quantity of volatile organic compounds present in the en-
vironment; the electronic unit being operatively connect-
able to a remote central control unit and being able to be
supplied by means of a power source.
[0026] Further characteristics and advantages will be-
come better apparent from the description of preferred

but not exclusive embodiments of an apparatus accord-
ing to the invention, illustrated by way of non-limiting ex-
ample in the accompanying drawings, wherein:

Figure 1 is a schematic view of an apparatus accord-
ing to the invention;
Figure 2 is schematic view of a further embodiment
of the apparatus according to the invention.

[0027] With reference to the above figures, an appa-
ratus for monitoring atmospheric characteristics and de-
tecting fires is designated generally by the reference nu-
meral 1.
[0028] The apparatus 1 has an electronic unit 2, which
can consist for example of one or more printed circuit
boards, having one or more, preferably one to four,
smoke sensors 3, one or more, preferably one to three,
temperature sensors 4 and one or more, preferably one
to three, carbon monoxide sensors 5.
[0029] According to the present invention, the electron-
ic unit 2 also comprises a partial or complete combination
of one or more, preferably one to three, oxygen sensors
6, one or more, preferably one to three, relative humidity
sensors 7, one or more, preferably one to three, differ-
ential pressures sensors 8, one or more, preferably one
to three, carbon dioxide sensors 9, and one or more,
preferably one to three, VOC sensors 10, which allow to
monitor the quality of the air of the environment to be
protected, detecting and measuring the percentage in
the air of volatile organic compounds (VOCs).
[0030] The expression "partial or complete combina-
tion" in the present description and in the claims is meant
to indicate that the apparatus 1 is designed so as to have
a modular architecture, which allows to choose the
number and type of sensors to be mounted on the elec-
tronic unit 2 that supports them.
[0031] It is pointed out that according to an innovative
aspect of the present invention, the oxygen sensors 6
used in the apparatus 1 are preferably of the optical type.
[0032] This ensures in practice a reduction of the drift
of the detected signal, a faster response time and at the
same time ensures maximum accuracy of the measure-
ments made.
[0033] It should also be considered that oxygen sen-
sors 6 of the optical type have a very long life, which can
be compared to that of zirconium oxide sensors, and do
not require maintenance interventions.
[0034] According to a further aspect of the invention,
the apparatus 1 also comprises an electronic control
means 11 integrated in the electronic unit 2.
[0035] The electronic control means 11 can be consti-
tuted for example by a microcontroller or by a safety mi-
croprocessor, preferably compliant with the IEC 61508
and/or ISO 26262 standards for functional safety of elec-
trical and electronic systems.
[0036] From an operating point of view, the electronic
control means 11 processes the information, which is
generally in the form of analog or digital electrical signals,
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provided by the smoke sensors 3, by the temperature
sensors 4, by the carbon monoxide sensors 5, and by
the oxygen sensors 6, by the relative humidity sensors
7, by the differential pressure sensors 8, by the carbon
dioxide sensors 9 and by the VOC sensors 10 that are
optionally installed in the electronic unit 2.
[0037] The physical values converted by the respec-
tive sensors and processed by the electronic control
means 11 are then sent, by means of an appropriate
communication means 12 which is constituted preferably
by two independent data transmission buses, to a central
processing unit, which is not shown in the figures.
[0038] Advantageously, the electronic control means
11 is configured so as to increase the functional safety
of the apparatus 1 in relation to the measurement and
analysis of the various physical values detected by the
multiple sensors that are present in the electronic unit 2.
[0039] The apparatus 1 has a plurality of substantially
mutually equivalent sensors that measure a specific at-
mospheric parameter (quantity of oxygen, presence of
smoke, quantity of carbon monoxide, temperature, rela-
tive humidity, differential pressure, quantity of carbon di-
oxide, air quality), therefore the electronic control means
11 acquires, in each instance, all the values related to a
specific atmospheric parameter detected by the sensors
of the same type (for example, carbon dioxide quantity)
and then compares them with each other.
[0040] Following the comparison, the electronic control
means 11 determines a final value for the atmospheric
parameter being considered, if the values detected by
the sensors substantially mutually agree with a predeter-
mined tolerance; on the contrary, the electronic control
means 11 determines a state of malfunction of the ap-
paratus 1 if the values detected by the sensors disagree
with the predetermined tolerance.
[0041] The final value determined by the electronic
control means 11 for each atmospheric parameter is then
sent to the central processing unit.
[0042] By way of example, assuming that in the appa-
ratus 1 there are three mutually equivalent oxygen sen-
sors 6, if one of the three sensors fails, by using the con-
trol policy implemented by the electronic control means
11, which confirms the oxygen measurement in case of
agreement (within the preset tolerance) of at least two of
the three oxygen sensors 6 that are present, the control
means 11 has a correct measurement of the quantity of
oxygen that is present in the environment to be protected
despite the presence of a failed sensor.
[0043] Conveniently, the apparatus 1 is connected to
an energy source, which is preferably redundant, not
shown in the figures, by means of an appropriate elec-
trical connection means 13, preferably constituted by one
or two pairs (if the power supply is redundant) of electrical
cables which can be connected to an electrical distribu-
tion grid.
[0044] Also, or alternatively, the apparatus 1 can be
powered by an internal energy source, such as for ex-
ample an electric battery.

[0045] It is important to point out that the approach of
redundant duplication of the components in order to in-
crease the reliability of the apparatus 1 does not relate
only to the various sensors that are present but also af-
fects the means of communication 12 and the electrical
connection means 13, which can be redundant and con-
stantly monitored by the electronic control means 11.
[0046] In fact, if one of the data transmission buses
and/or one of the electric power supply cables that enter
the apparatus 1 fails, the apparatus would in any case
continue to operate, the electronic control means 11
would detect the anomaly and would send a report there-
of to the central processing unit.
[0047] Advantageously, the apparatus 1 is also
equipped with an optical signaling means 14, which can
consist for example of a series of colored LEDs, and an
acoustic signaling means 15, such as for example buzz-
ers.
[0048] The optical signaling means 14 and the acoustic
signaling means 15 are connected to the electronic con-
trol means 11 to provide respectively a visual and acous-
tic signal regarding the various states of operation of the
apparatus 1 and/or to operate any alarms and/or report
any malfunctions.
[0049] The apparatus 1 can be used substantially as
a "spot sensor" arranged in the environment to be pro-
tected, as illustrated by way of example in Figure 1, or
as a "suction sensor", and therefore arranged even out-
side the environment to be protected, as shown by way
of example in Figure 2.
[0050] In this last case, the apparatus 1 is equipped
also with a suction means 16 adapted to draw the air
from the environment to be protected by means of ducts
17 and to cause this air to flow over the sensors with
which the electronic unit 2 is equipped.
[0051] In the specific case of the example being con-
sidered, the extraction means 16 consists of a pair of
fans which operate individually and/or in parallel.
[0052] Conveniently, the flow rate of each fan is mod-
ified automatically by the electronic control means 11 as
a function of the differential pressure detected down-
stream of each fan by adapted detection devices 18.
[0053] It should be noted that even in the case of the
suction means 16, a redundancy duplication approach
is adopted in order to increase the functional safety of
the apparatus 1.
[0054] It is evident from the above description that the
apparatus 1 is in practice a complete instrument for at-
mospheric analysis, which is capable of detecting not
only the level of oxygen inside an environment but, by
means of the reading and comparative analysis of the
values of the other parameters analyzed, also provides
a better and more effective management/detection of the
outbreaks of fire with respect to the current background
art, together with the management of the quality of the
air inside confined spaces to be protected.
[0055] The multiple equivalent sensors on the elec-
tronic unit 2 also make it possible to economically and
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effectively increase the functional safety of the apparatus
1, significantly reducing the cost of the system with re-
spect to an equivalent functional safety system com-
posed of apparatuses equipped with individual sensors
of a specific type.
[0056] As already noted, the redundancy duplication
of the sensors that are present in the apparatus 1 com-
bined with the control policy implemented by the elec-
tronic control means 11 allow to solve the problem related
to the reliability of the values detected by the various
types of sensors, with respect to possible failures of in-
dividual sensors.
[0057] Also by virtue of this solution, the apparatus ac-
cording to the invention is able to provide safety during
operation.
[0058] In practice, therefore, it has been found that the
apparatus for monitoring atmospheric characteristics
and detecting fires according to the invention fully
achieves the intended aim and object.
[0059] The materials used, so long as they are com-
patible with the specific use, as well as the contingent
shapes and dimensions, may of course vary according
to the requirements and the state of the art.

Claims

1. An apparatus for monitoring atmospheric character-
istics and detecting fires, comprising an electronic
unit (2) provided with a means for detecting the pres-
ence of smoke in an environment to be protected, a
means for detecting the quantity of carbon monoxide
present in said environment, and a means for de-
tecting the temperature present in said environment;
said apparatus being characterized in that said
electronic unit (2) also comprises a partial or com-
plete combination of means (6) for detecting the
quantity of oxygen present in said environment,
means (7) for detecting the relative humidity present
in said environment, means (8) for detecting the dif-
ferential pressure present in said environment,
means (5) for detecting the carbon dioxide present
in said environment and means (10) for detecting
the quantity of volatile organic compounds present
in said environment; said electronic unit (2) being
operatively connectable to a remote central control
unit and being powered by a power source.

2. The apparatus according to the preceding claim,
characterized in that said means for detecting the
quantity of oxygen comprises one or more sensors
of the optical type (6).

3. The apparatus according to one or more of the pre-
ceding claims, characterized in that said means for
detecting relative humidity comprises one or more
relative humidity sensors (7).

4. The apparatus according to one or more of the pre-
ceding claims, characterized in that said differential
pressure detection means comprises one or more
differential pressure sensors (8).

5. The apparatus according to one or more of the pre-
ceding claims, characterized in that said carbon
dioxide detection means comprises one or more car-
bon dioxide sensors (5).

6. The apparatus according to one or more of the pre-
ceding claims, characterized in that said means for
detecting the quantity of volatile organic compounds
comprises one or more VOC sensors (10).

7. The apparatus according to one or more of the pre-
ceding claims, characterized in that said electronic
unit (2) furthermore comprises electronic control
means (11) adapted to process the data that arrive
from said detection means (3, 4, 5, 6, 7, 8, 9, 10) and
configured to:

- acquire the values related to a specific param-
eter detected by a plurality of sensors (3, 4, 5,
6, 7, 8, 9, 10) of the same type;
- comparing with each other the values detected
by said sensors (3, 4, 5, 6, 7, 8, 9, 10);
- determining a final value of said parameter if
the values detected by said sensors (3, 4, 5, 6,
7, 8, 9, 10) substantially mutually agree with a
predetermined tolerance, or determining a state
of malfunction of said apparatus if said values
detected by said sensors (3, 4, 5, 6, 7, 8, 9, 10)
disagree with said predetermined tolerance.

8. The apparatus according to one or more of the pre-
ceding claims, characterizing that it comprises an
optical and/or acoustic signaling means (14, 15)
adapted to signal the various states of operation of
said apparatus and/or any alarms and/or any mal-
functions.

9. The apparatus according to one or more of the pre-
ceding claims, characterized in that it comprises a
suction means (16) adapted to draw air from an en-
vironment to be protected and feed it to said sensors
(3, 4, 5, 6, 7, 8, 9, 10).

10. The apparatus according to claim 9, characterized
in that said suction means (16) comprises one or
more fans which operate individually and/or in par-
allel; the flow rate of each fan being modified auto-
matically by said electronic control means (11) as a
function of the differential pressure detected down-
stream of said fan.

11. The apparatus according to one or more of the pre-
ceding claims, characterized in that it comprises a
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means for communicating with said remote central
control unit and a means for electrical connection to
said remote power source.

12. The apparatus according to one or more of the pre-
ceding claims, characterized in that said detection
means, said communication means and said elec-
trical connection means are redundant and are con-
stantly monitored by said electronic control means
(11).
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