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Abstract
Mobility Smoke Detectors need to sense small smoke densities to
detect fire fast and reliably in mobility applications like airplanes and
trains. For conventional smoke detectors, this results in a high cross
sensitivity to non-fire aerosols. For airplanes, the FAA has reported over
100 false alarms per real fire event.
We present a smoke detector based on optical light scattering, which is
able to distinguish between fire and non-fire aerosols. Therefore the
device is capable of fast smoke detection in combination with a strongly
reduced false alarm rate.
The fire detection is based on two wavelengths and two scattering
angles in a single scattering volume with one receiver. The additional
temperature sensor allows sensing of smokeless fires. This concept
enables the utilization of individually established components and well
known effects of light scattering and temperature.
The scattered light intensity ratio between the two wavelengths gives
information on the aerosol particle size. The aerosol shape and color is
represented in the intensity ratio between both scattering angles. Both
information together provide a fingerprint for every kind of aerosol and
enable the distinguishing between a fire and a non-fire event.
The detector has demonstrated its detection capabilities for fire in
accordance to the test fires TF1-TF7 of EN54-7 as well as in more
practical scenarios like a burning sports bag, smoldering wires or fires
under high humidity.
The false alarm robustness has been demonstrated in accordance to
the AS8036 standard for cargo compartment fire detection instruments
(SAE Aerospace) with dust D90 and insecticide. In addition, extensive,
successful non-fire tests have been performed with several other
organic and mineral based dusts as well as hair spray, deo spray and
different water mists.
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Introduction
Mobility Smoke Detectors need to sense small smoke densities to
detect fire fast and reliably. For conventional optical smoke detectors
(Conv-SD) this results in a relatively small trigger level and thus
resulting in a high cross sensitivity to dust and insecticide. For
airplanes, the FAA has reported over 100 false alarms per real fire
event [1]. Figure 1 shows AOA’s 3-channel smoke detector (3-CH-SD)
based on optical light scattering, which is able to distinguish between
fire and non-fire aerosols. Therefore the device is capable of fast smoke
detection in combination with a strongly reduced false alarm rate.

Fig. 1. Pure Optical False Alarm Resisting Smoke Detector.
Three Optical Channel Aerosol Characterization
Figure 2 shows schematically the optics of the False Alarm Resisting
Smoke Detector. Its working principle is based on signals produced by
three light sources inside the sensor chamber, working at different
scattering angles and wavelengths.
The first channel is the forward scattered signal obtained from an
infrared LED (IR fwd) emitting light. This type of light source and the
scattering angle are used in conventional smoke detectors. A second
channel features a shorter wavelength LED (G fwd) in forward direction.
With the same scattering angle the two colours allow to discriminate the
particle size due to the strong wavelength depen-dence of the
scattering of small particles. The third channel works again with a
shorter wavelength LED (G bwd) to separate effects regarding the
scattering angle. The LED has a backward scattering angle allowing a
distinction in terms of particle size and particle shape. Especially with
respect to the particle shape a distinction between spherical and nonspherical aerosols is possible.

Fig. 2. Alignment of Emitters and Receiver inside Smoke Sensor.
Therefore the aerosol characterization involves the three signals of
different light sources by evaluating the ratios between two signals
each. The ratios are used to obtain information which is independent of
the concentration of particles and therewith the absolute signal level. In
figure 3 these ratios are shown for a smouldering TF2 fire in
accordance to EN54-7 [2]. For every fire type and every nuisance
aerosol these ratios are highly reproducible and therefore used as an
individual finger print.

Fig. 3. Three Optical Channel Aerosol Characterization.

The detection algorithm is based on a variable alarm level depending
on the finger print of the aerosol. If the aerosol is classified as a fire the
alarm level is reduced by a fixed amount up to the desired fire alarm
level. If the aerosol is classified as a non-fire the alarm level is
increased by a fixed amount up to the desired non-fire alarm level.
This pure optical concept of aerosol characterization enables the use of
individually established components for the characterization of the
aerosols.
Fire Detection Robustness
TF1, TF2, TF3, TF4, TF5 and TF7 test fires according to EN54-7 [2]
were all correctly classified as fire and detected according to the
standard. In addition, figure 4 shows the more realistic fire scenario
“Burning Sports Bag”. As soon as the fire produces enough smoke for
classification the alarm level (black line) is lowered from the initial level
to the fire level (lower horizontal doted black line), demonstrating the
correct classification of this fire. When the smoke level is above the
alarm level the alarm is triggered (black vertical line).

Fig. 4. Realistic Fire Scenario “Burning Sports Bag”.
Smouldering wire fires are a realistic scenario, especially in mobility
application of smoke detectors. Figure 5 shows on the right hand side
the test setup were the red wire is mounted on a heating source below
the two smoke detectors. On the left hand side the correct classification
and fast alarm trigger is shown.

Fig. 5. Realistic Fire Scenario “Smouldering Wire”.
For aerosol classification it is important to be reliable under all
environment conditions. To test the influence of humidity, water mist
and condensation in the test area were created by use of an industrial
air humidifier. Figure 6 shows for a TF3 that the 3-channel fire
characteristic is only slightly changed by the high humidity and therefore
the classification is not effected.

Fig. 6. Realistic Fire Scenario “TF 3 with high Humidity”.
Smoke Detection Speed
For aircraft application as well as ground transportation the smoke
event needs to be detected from any point of origin within 60 seconds.
Thus with a high detection speed the amount of detectors necessary to
cover a certain compartment can be reduced. The light trap of the
3-channel detector has been optimized for high airflow, resulting in
a 3-4 times faster smoke saturation level within the smoke chamber
compared to a conventional smoke detector (figure 7). Detection speed
tests in an Airbus A350 cargo compartment mock-up have
demonstrated compliance to the FAA AC25 [4].

Fig. 7. Smoke penetration speed
Nuisance Aerosol Tolerance
As examples for the nuisance classification, the measurement data of
dolomite dust D90 according to AS8036 [3] is shown in figure 8 top. As
soon as the dust produces enough signal for classification the alarm
level (black line) is increased from the initial level to the nuisance
aerosol level (upper horizontal dotted black line), demonstrating the
correct classification of this non-fire event. When the signal level is
above the fire alarm level (lower horizontal dotted black line) no alarm is
triggered, because the alarm level is increased. In figure 8 middle
measurement data for cellulose dust and bottom dust from the AOA
parking garage in Dresden are shown using the same AS8036 test
setup (these dusts are more difficult to handle resulting in a nonmonotonous signal increase).

Fig. 8. Example for no-fire classification of different dust.
In figure 9 the false alarm robustness against insecticide according to
AS8036 (top), water mist (middle) and one out of five different tested
deodorant sprays (bottom) are shown.

Fig. 9. Example for no-fire classification of different dust.
The false alarm robustness of the 3-CH-SD under realistic application
situations was evaluated in an Airbus A350 lavatory. Three different
spray positions towards the detector (figure 10 left hand side) and
3 sprays (Nivea Men Sensitive Protect (1), Nivea Men Active Fresh (2)
and Schwarzkopf Taft Volumen (3)) were used. The table below shows
how long the sprays could be continually applied without alarm (green),
some false alarms (yellow) and always false alarm (red). Whereas the
conventional smoke detector has false alarms even after 1 sec spraying
the 3-Channel smoke detector had no false alarm for spray time up
to 7 sec for all sprays and positions, demonstrating the strongly
improved false alarm robustness.

Fig. 10. Airbus A350 lavatory spray tolerance tests.

Conclusion
We have shown that AOA’s False Alarm Resisting Smoke Detector for
Mobility Application fulfills all requirements for Passenger Aircraft Cargo
Compartment Fire Detection in accordance with the standard AS8036
[3], without any concessions relative to detection capability of real fires.
It has been experimentally proven to detect all test fires TF1-TF7 in
accordance with EN54-7 [2], as well as in more practical scenarios like
a burning sports bag, smoldering wires or fires under high humidity.
The false alarm robustness has been demonstrated in accordance to
the AS8036 standard with dust D90 and insecticide. In addition,
extensive, successful non-fire tests have been performed with several
other organic and mineral based dusts as well as hair sprays, deo
sprays and different water mists in lab and lavatory environment.
The sole use of only established components guarantees a high
reliability of the new device. With these achievements a significant
reduction in the false alarm rate can be achieved.
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