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Abstract
Daily newspapers all too often headline articles about millions in
damages arising and several animals dying due to fires in barns and
stables. Inadequate fire protection measures as well as a too late fire
alarms are to blame for that. Automatic fire detection in such
environments is a challenge especially due to the high dust load. As long
as people are present in the stable, i.e. during the day, they can detect
fires quickly. That is usually not the case during the night.
In order to prevent this, it is important to design a system which can
detect even the smallest amount of smoke. The most important point,
however, is that this system shall not be triggered by dust because that
would makes it useless for a stable-based application.
In this paper a prototype of a smoke detector is presented which is
suitable for as many different challenging environmental conditions as
possible. This smoke detector incorporates different scattering properties
of light at different aerosols, as described in [3].
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Introduction
To save the life of the animals in a stable a detector is needed which is
very fast as well as a detector which can differentiate dust and humidity
from smoke. Simple optical smoke detectors are inappropriate because
they also will react to dust and they would give many false alarms in a
dusty environment like a stable. Other detector types like thermic
detectors may not react fast enough during a smoldering fire, so that the
animals would die before there is a fire detected. Gas detectors may
produce false alarms because they also detect ammonia gas which is
produced by the decomposition of the urine of the animals.

Only a small number of suitable systems usually working with dust filters
are available for e.g. horse stables, but it is questionable how
maintenance- and cost-intensive these systems are.
Therefore, the development of a cost-effective and low-maintenance
system which can differentiate smoke, dust and water droplets is
necessary.
This paper presents a realization of a new approach based on
polarimetric analyses of the scattered light. The detection of dust is based
on the analysis of the depolarization effect caused by the non-spherical
morphology of the dust particles. The detection of water droplets exploits
the natural phenomenon called fog-bow, which is similar to the rainbow
and particular for pure water droplets. The basics of the methods are
described in the paper [3].
Structure of the polarimetric measurement system
The system consists of a measurement chamber with one white light
emitting diode (LED) and three photodiodes (PD) of type OPT301
arranged at defined angles along its perimeter [1]. Unlike conventional
smoke detectors, polarization filters are placed in front of the LED and in
front of one of the PDs. The angles for the two receivers without
polarization filters are 90° and 145°. The third receivers with the parallel
polarized filter is placed at an angle of -90°. The photocurrents of the
three PDs are amplified with transimpedance amplifiers, voltage
amplifiers and then low-pass filtered.
The resulting signals are digitalized by an Arduino Uno microcontroller
and transferred to a PC for analysis. For longer stand-alone on-site tests
a SD-Card is used for storing the results and to make an offline-analysis.

Fig. 1. Signal processing from measurement chamber to the PC.
Due to the specific angles and polarization directions, different scattering
properties of the aerosols in the measurement chamber can be distilled.
Aerosols that are known to be critical, i.e. dust and water droplets, can
be identified using the ratio of the measured values of the PDs [1],[3] and
can be eliminated from the total measurement, such that the fraction
caused by actual smoke can be determined.

First results
First measurements have taken place with a rather large prototype (outer
dimensions 0.6 m x 0.6 m x 0.3 m). With this first prototype different
measurements were made, beginning with measurements in the EN54
smoke duct in the Heinz-Luck Fire Detection Laboratory of the University
of Duisburg-Essen (UDE).
Fig. 2 shows the time behavior of the measured intensities Rx1, Rx2 and
Rx3 with the three photodiodes during the paraffin oil test according to EN
54. Ten seconds after the beginning of the measurement the smoke
generation starts.

Fig. 2. Measurement with the first prototype in the EN54 smoke duct.
Rx1 correspond to the intensity measured with a photodiode of a simple
single angle smoke detector. Rx1 will be used as reference. Rx2 is
measured with a photodiode placed in the specific angle of the fog bow.
Rx3 provides the information on the depolarized light and the
corresponding photodiode is placed in the same scattering angle as the
first photodiode.
It can be seen that only the signals of the receivers Rx1 and Rx2 are
increasing linearly with time. The signal of the third receiver Rx3 does
increase marginally only due to the polarization filter in front of the
photodiode, which has a direction orthogonal to the polarizer at the LED.

The signal Rx3 only increases if depolarized light is measured, which is
not the case during the paraffin oil test.
The slight increase of Rx3 is due to the misalignment of the polarisers.
This “error” is determined once during a paraffin measurement and then
considered in the further analyses.
Rx1 and Rx2 increase in a similar manner, showing that no specific fog
bow was could be observed.
Furthermore non-fire tests were carried out in the dust and water fog test
ducts, presented in [2] and [4].

Fig. 3. Measurement in a dust test apparatus.
In Fig. 3 the result of a measurement with Dolomite dust type D90
(particle sizes < 90 µm) is shown. A comparison with the results of figure
2 shows that in this case all three receiver signals are increasing.
Especially the signal strength of the third receiver Rx_3 is stronger
increasing than the others. Thus it can be concluded that dust was
measured. The rapid decrease of the signal values is explained by the
exhausting at the end of the test.
Figure 4 shows the results of a measurement in the water fog test
apparatus developed at the UDE [4].

The high ratio of Rx2/Rx1 seen in figure 4 is an indication for water
droplets. During dust and paraffin-oil tests this ratio is significantly lower
(nearly one), as can be seen in figure 2 and 3.

Fig. 4. Measurement in an apparatus for water fog tests.
After the measurements in the different test ducts the detector was also
tested in test-fire scenarios (TF1-5 and TF7) in the fire room of the lab
[5]. The following two plots are examples of an open and a smoldering
fire.
Fig.5 shows the measured intensities at the photodiodes during the open
fire TF1 and the following exhausting. Here, it can be seen that the
signals of Rx1 and Rx2 are increasing about 1.2 V and the progression of
the curves is similar. That’s the indication for smoke. After 270 seconds
the exhausting started. The value of Rx3 increased due to the
misalignment of the polarisers.
In figure 6 the behavior of Rx1, Rx2 and Rx3 during a TF2 is shown. The
TF2 is a smoldering wood fire. During this measurement the output
signals of the receiver Rx2 saturate due to the high smoke concentration
in the room.
Comparing figures 5 and 6 it can be seen that the behavior of the
measured signals is similar. The values of Rx3 are significantly lower than
of the other two receivers. This pattern indicates the presence of smoke
in the measuring chamber.

Fig. 5. Measurement of a TF1 (open wood fire).

Fig. 6. Measurement of a TF2 (smoldering fire).

On site measurements in a stable
After these tests in a clean environment the prototype should be tested
in a real scenario. For this the prototype was installed in a horse stable
(Fig.7) and in a private rabbit stable for a few weeks.

Fig. 7. Picture of the installed prototype in a horse stable.
The measuring setup (wooden box in figure 7) was placed near the door
of the horsebox, directly under the ceiling. Figure 7 also shows the box
resident “Optimo”.
Figure 8 shows and excerpt of the measurement during the daily box
cleaning. To reduce the discretization effects data was filtered with a 3 s
sliding averaging filter. The increasing signal Rx3 is remarkable, pointing
out the high dust load in the horse stable. Normal optical smoke sensors
could trigger a false alarm in such scenario.

Fig. 8. Excerpt of the measurement during box cleaning.
Prototype concept
After test phase a compact and stand-alone measuring system was
designed. This prototype should be much smaller than the old one and it
should comprise of a new compact chamber.
The electronics were merged on one PCB, directly fitting the measuring
chamber. For easier programming, any longer an ARDUINO board was
used for A/D conversion, data logging and PC communication.

Fig. 9. Side view of the measurement system.

Fig. 10. Top view of the measurement system.
The new prototype of the measuring chamber was produced using 3Dprinting.
As the focus of current research is still on the optical effects, the influence
of the labyrinth was minimized by forced ventilation.

Conclusion and outlook
This paper presents two system realizations of the polarimetric aerosol
classification principles presented in [3]. After the first proof-of-principle
a significantly smaller setup was developed, which is capable to operate
stand-alone on-site for future field campaigns. First measurements in the
fire detection laboratory show very promising results: aerosols with dust
and water droplets are clearly discernible from smoke. With this results
and a new measurement chamber the here presented system is
expected to be suitable for such scenarios, as well as for large
warehouses, waste bunkers, and tunnels.
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